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Synopsis 
 

The simulated wolf encounter increased excitability 

and fear-related stress responses in cows previously 

exposed to wolves, but not in cows unfamiliar with 

this predator. 

 

Summary 
 

One hundred multiparous, pregnant, non-

lactating crossbreed beef cows from the Eastern OR 

Agricultural Research Center - Burns (CON; n = 50) 

and from a commercial operation (WLF; Council, 

ID, n = 50) were assigned to the experiment. 

However, CON cows were unfamiliar with wolves, 

whereas WLF cows belonged to a herd that 

experienced multiple confirmed wolf predation 

episodes. On d 0, CON and WLF cows were ranked 

by temperament, BW, and BCS, and allocated to 5 

groups (10 CON and 10 WLF cows/group). Groups 

were individually subjected to the experimental 

procedures on d 2 (n = 3) and d 3 (n = 2). Within 

each group, cows were evaluated for temperament, a 

blood sample was collected, and a data logger was 

inserted intravaginally to record body temperature at 

30 s intervals (pre-exposure assessment). After these 

assessments, cows were sorted by previous wolf 

exposure, moved to 2 adjacent drylot pens (10 WLF 

and 10 CON cows/pen) and subjected to the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

simulated wolf encounter for 20-min, which 

consisted of: 1) cotton plugs saturated with wolf 

urine attached to the drylot fence, 2) continuous 

reproduction of wolf howls, and 3) 3 trained dogs 

walked using a leash outside the drylot perimeter 

fence. Thereafter, WLF and CON cows were 

commingled and returned to the handling facility for 

removal of data loggers, temperament evaluation, 

and blood collection (post-exposure assessment). 

However, cotton plugs saturated with wolf urine 

were attached to the handling facility, wolf howls 

were reproduced during processing, and cows were 

also exposed for 20 s to the 3 dogs while restrained 

in the squeeze chute, but immediately before post-

exposure assessments. Chute score, temperament 

score, and plasma cortisol concentration increased 

(P ≤ 0.01) from pre- to post-exposure assessment in 

WLF, but did not change in CON cows (P ≥ 0.19). 

Exit velocity decreased (P = 0.01) from pre- to post-

exposure assessment in CON, but did not change (P 

= 0.97) in WLF cows. In addition, WLF cows had a 

greater (P = 0.03) increase in temperature from pre- 

to post-exposure assessments compared with CON 

cows. In conclusion, the simulated wolf encounter 

increased excitability and fear-related physiological 

stress responses in cows previously exposed to 

wolves, but not in cows unfamiliar with this 

predator.  
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Introduction 
 

The reintroduction of grey wolves into the 

Yellowstone National Park allowed wolf packs to 

disperse into regions outside the Greater 

Yellowstone Ecosystem, including agricultural lands 

in Idaho and Oregon (Larsen and Ripple, 2006). As 

a result, wolves started to inhabit and hunt in 

livestock grazing areas, which increased the 

incidence of cattle predation by wolves in both states 

(Idaho Department of Fish and Game and Nez Perce 

Tribe, 2013; Oregon Department of Fish and 

Wildlife, 2013a). The economic and productive 

implications of predators on livestock systems is 

often evaluated based on the number of animals 

injured or killed (Treves et al., 2002; Oakleaf et al., 

2003; Breck and Meier, 2004); however, these 

parameters may not be the only negative impacts 

that wolf predation causes to beef cattle systems 

(Kluever et al., 2008; Laporte et al., 2010).  

The mere presence of predators alters stress 

physiology and behavior parameters of the prey 

(Creel and Christianson, 2008), particularly if the 

preyed animal was already subjected to similar 

predation episodes (Boonstra, 2013). More 

specifically, fear of predation may alter cattle 

temperament and stimulate adrenal corticoid 

synthesis (Laporte et al., 2010; Boonstra, 2013), 

which have been shown to negatively impact health, 

productive, and reproductive parameters in beef 

cattle (Cooke et al., 2009; Cooke et al., 2012; 

Francisco et al., 2012). Based on this rationale, we 

hypothesized that wolf presence near cattle herds 

stimulates behavioral and physiological stress 

responses detrimental to cattle productivity and 

welfare, particularly in cattle from herds previously 

predated by wolves. Hence, the objective of this 

experiment was to evaluate temperament, body 

temperature, and plasma concentration of cortisol in 

beef cows previously exposed or not to wolves, and 

subjected to auditory, olfactory, and visual stimuli 

designed to simulate an encounter with wolves. 

 

Materials and Methods 
 

This experiment was conducted at the Oregon 

State University – Eastern Oregon Agricultural 

Research Center (EOARC; Burns, OR). Animals 

utilized were cared for in accordance with 

acceptable practices and experimental protocols 

reviewed and approved by the Oregon State 

University, Institutional Animal Care and Use 

Committee.   
 

Animals and diets 
This experiment was conducted using 100 

multiparous, pregnant, non-lactating crossbred beef 

cows from the EOARC Burns (CON; n = 50) and 

from a commercial cow-calf operation (WLF; 

located in Council, ID, n = 50). Both locations 

occasionally used domestic herding dogs to move 

cattle across pastures or to the handling facility. The 

CON cows (age = 5.0 ± 0.1 yr, BW = 1150 ± 13 lbs, 

BCS = 4.80 ± 0.04, and approximately 6 mo in 

gestation at the beginning of the experiment) were 

randomly selected from the EOARC Burns mature 

cowherd, which is reared and maintained in areas 

(Burns and Riley, OR) without known wolf 

establishment or predation episodes (Oregon 

Department of Fish and Wildlife, 2013a). Hence, 

CON cows were unfamiliar with wolf presence and 

predation. The WLF cows (age = 4 yr; BW = 1128 ± 

15 lbs; BCS = 4.90 ± 0.06, and approximately 6 mo 

in gestation at the beginning of the experiment) were 

randomly selected from the commercial operation, 

which is located in an area (Council, ID) with 

established wolf packs (McCall-Weiser Wolf 

Management Zone; Idaho Department of Fish and 

Game and Nez Perce Tribe, 2013). Further, WLF 

cows belonged to a herd that experienced multiple 

confirmed wolf predation episodes from 2008 to 

2012 (USDA-APHIS, Idaho Wildlife Services, 

Boise, ID; confirmation documents available upon 

request to corresponding author), although none of 

the WLF cows were directly predated or injured by 

wolves. Therefore, WLF cows were considered 

familiar with wolf presence and predation episodes.  

The WLF cows were transported to the EOARC 

Burns 50 d prior to the beginning of the experiment 

(d 0). During this period (d -50 to d 0), CON and 

WLF cows were commingled and maintained in a 

single meadow foxtail dominated pasture harvested 

for hay the previous summer, and had ad libitum 

access to meadow-grass hay, water, and a vitamin-

mineral mix (Cattleman’s Choice, Performix 

Nutrition Systems, Nampa, ID). Cows were also 

individually processed through the EOARC handling 

facility, but not restrained in the squeeze chute, once 

a week from d 50 to -2 to acclimate WLF cows to 

the EOARC personnel and facilities (Cooke et al., 

2012).  

On d 0, CON and WLF cows were ranked by 

temperament score (by the same single technician), 

BW, and BCS, and allocated to 5 groups of 20 cows 

each (10 CON and 10 WLF cows per group). Each 

group of 20 cows was maintained on individual 

meadow foxtail pastures harvested for hay the 
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previous summer during the experimental period (d 

0 to 3), and had ad libitum access to water and the 

previously described meadow-grass hay and 

vitamin-mineral mix.  
 

Simulated Wolf Encounter 
Due to daylight limitations, 3 groups were 

randomly selected and received the experimental 

procedures on d 2, whereas the remaining 2 groups 

received the experimental procedures on d 3. While 

an individual group was being subjected to the 

simulated wolf encounter at the EOARC handling 

facilities, the other groups remained on their 

respective pastures. Groups were maintained on 

pastures that were ≥ 0.3 miles distant from the 

handling facilities to prevent that cows perceived the 

simulated wolf encounter model while on pasture. 
 

Pre-exposure assessments. The evaluated group was 

gathered in its respective pasture and walked to the 

handling facility, where cows were evaluated for 

temperament (chute score, exit velocity, and 

temperament score, by the same single technician; 

Cooke et al., 2012). Immediately after chute score 

evaluation, a blood sample was collected and a 

HOBO Water Temp Pro V2 data logger (Onset 

Company, Bourne, MA) was inserted intravaginally 

in each cow to record temperature at 30 s intervals. 

Each data logger was attached to a controlled 

internal drug-releasing device (CIDR, Pfizer Animal 

Health, New York, NY) that did not contain 

hormones.  
 

Simulated Wolf Encounter. Immediately after the 

pre-exposure assessments, cows within the evaluated 

group were sorted by previous wolf exposure and 

moved to 2 adjacent drylot pens separated by a fence 

line (10 WLF and 10 CON cows in each pen). Pens 

were 55 x 55 feet, located 0.05 miles from the 

handling facility, and had no feed or water source. 

After being housed in their respective pens, CON 

and WLF cows were immediately subjected to the 

simulated wolf encounter for 20-min. More 

specifically, wolf urine (Harmon Wolf Urine Scent; 

Cass Creek, Grawn, MI) was applied to 12 cotton 

plugs (Feminine care tampons; Rite Aid, Camp Hill, 

PA), and plugs were attached to the drylot fence line 

every 35-feet (6 plugs /pen) prior to any 

experimental procedures on d 2 and 3. After cows 

were settled within each dry lot pen, wolf howls 

previously recorded from the wolf packs residing in 

Wallowa County, OR, were continuously 

reproduced using a stereo system (S2 Sports MP3 

CD/Radio Boombox; Sony Corporation of America, 

San Diego, CA) located 30 feet from the dry lot 

pens, whereas cows had no visual contact with the 

stereo system. Additionally, 3 trained dogs were 

conducted using a leash by 2 trained technicians 

outside the drylot perimeter fence. The dogs utilized 

were 2 adult German Shepherd females (BW = 76 ± 

3.3 lbs) to represent adult wolves, and 1 adult Border 

Collie × Alaskan Malamute female (BW = 49 lbs) to 

represent a young wolf. The maximum and 

minimum distances allowed between dogs and cows 

were 80 and 15 feet, respectively.  
 

Post-exposure assessments. After 20 min of the 

simulated wolf encounter, WLF and CON cows 

were commingled and returned to the handling 

facility for removal of HOBO data loggers, 

temperament evaluation, and blood collection as in 

the pre-exposure assessments. However, cows were 

also subjected to the simulated wolf encounter 

during processing for post-exposure assessments. 

While cows were at the dry lot pens, 3 cotton plugs 

saturated with wolf urine were attached to the walls 

of the lead chute at 10-feet intervals immediately 

prior to the squeeze chute, and 1 similar cotton plug 

was hung inside the squeeze chute (Silencer Chute; 

Moly Manufacturing, Lorraine, KS). Wolf howls 

were reproduced throughout the entire processing. 

Cows were also exposed for 20 s to the same 3 dogs 

previously used while restrained in the squeeze 

chute, but before blood collection, HOBO data 

loggers removal, or temperament evaluation. Dogs 

were handled via leash by 2 trained technicians in 

front of the squeeze chute, and remained 15 feet 

from the restrained cow. 
 

 Immediately after the post-exposure 

assessments, the group was returned to its original 

pasture, cotton plugs were removed from the 

handling facility, and the subsequent group was only 

evaluated after a 30-min interval to prevent residual 

wolf scent inside the handling facility during the pre-

exposure assessment. Further, the wolf howls were 

not reproduced and dogs were restrained in an 

enclosed barn during this 30-min interval to prevent 

unwarranted visual and auditory stimuli prior to the 

simulated wolf encounter. 
 

Sample analysis 
Individual cow temperament was assessed by 

chute score and exit velocity as previously described 

by Cooke et al. (2012). Chute score was assessed by 

a single technician based on a 5-point scale where: 1 

= calm with no movement, 2 = restless movements, 

3 = frequent movement with vocalization, 4 = 

constant movement, vocalization, shaking of the 

chute, and 5 = violent and continuous struggling. 
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Exit velocity was assessed immediately by 

determining the speed of the cow exiting the squeeze 

chute by measuring rate of travel over a 6 feet 

distance with an infrared sensor (FarmTek Inc., 

North Wylie, TX). Further, cows were divided in 

quintiles according to their exit velocity, within 

CON and WLF cows on d 0 and within group for 

pre- and post-exposure assessments, and assigned a 

score from 1 to 5 (exit score; 1 = cows within the 

slowest quintile; 5 = cows within the fastest 

quintile). Individual temperament scores were 

calculated by averaging cow chute score and exit 

score. 

Temperature data from HOBO loggers were 

processed using the HOBOware Pro software 

(version 3.3.2; Onset Company). Only data obtained 

after the end of the pre-exposure assessments (when 

cows were gathered and moved to the dry lot pens) 

to the end of the simulated wolf encounter (when 

cows were commingled to return to the handling 

facility) were recorded and compiled into 5-min 

intervals. Hence, cows had 25 min of recorded body 

temperature; the initial 5 minutes collected prior to 

the simulated wolf encounter (pre-exposure 

assessment) and the remaining 20 min collected 

during the simulated wolf encounter (post-exposure 

assessments). Blood samples were collected via 

jugular venipuncture into a commercial blood 

collection tube (Vacutainer, 10 mL; Becton 

Dickinson, Franklin Lakes, NJ) with sodium 

heparin. After collection, blood samples were placed 

immediately on ice, centrifuged (2,500 × g for 30 

min; 4°C) for plasma harvest, and stored at -80°C on 

the same day of collection. A bovine-specific 

commercial ELISA kit was used to determine 

plasma concentration of cortisol (Endocrine 

Technologies Inc., Newark, CA). 
 

Statistical analysis 
Pen within the evaluated group was considered 

the experimental unit. All data were analyzed using 

the MIXED procedure of SAS (SAS Inst., Inc.; 

version 9.3) and Satterthwaite approximation to 

determine the denominator df for the tests of fixed 

effects. Significance was set at P ≤ 0.05, and 

tendencies were determined if P > 0.05 and ≤ 0.10.  

 

Results 
 

The main hypothesis of this experiment was that 

the mere presence of wolf packs near cattle herds 

affects temperament and stimulates physiological 

stress responses known to impair cattle productivity 

and welfare (Cooke et al., 2009; Cooke et al., 2012; 

Francisco et al., 2012), particularly in herds 

previously subjected to wolf predation (Creel and 

Christianson, 2008; Boonstra, 2013). To address this 

hypothesis, mature beef cows were subjected to an 

experimental model designed to simulate a wolf 

encounter, which was based on wolf scent, pre-

recorded wolf howls, and 3 canines physically 

similar to wolves. Accordingly, wolf scent and 

recorded howls have been successfully used to 

mimic wolf presence (Moen et al., 1978; Kluever et 

al., 2009), given that such stimuli can elicit similar 

behavioral or physiological responses by prey 

animals compared with the actual presence of the 

predator (Kats and Dill, 1998; Apfelbach et al., 

2005). Likewise, Kluever et al. (2009) suggested that 

cattle may acquire a generalized fear response to 

domestic dogs, perhaps due to the physical and 

stalking predation characteristics shared among all 

canids (Nowak, 1999).  

It is also important to note that WLF and CON 

cows originated from different herds, and were 

reared in different management schemes and 

environments. Hence, the impact of previous wolf 

exposure on the temperament and stress-related 

parameters evaluated herein cannot be completely 

distinguished from cow source. To address this 

concern, WLF and CON cows were commingled to 

receive the same management for 50 d prior to the 

beginning of the experiment, and were processed 

weekly to familiarize all cows to personnel and 

handling facilities. But more importantly, the 

temperament and physiological parameters evaluated 

herein are not being directly compared between 

CON and WLF cows. Instead, these parameters are 

being evaluated within each cow based on the 

changes between pre- and post-exposure values. 

Both herds were also occasionally exposed to 

herding dogs and reared in areas with large 

populations of other canids such as coyotes and 

foxes (Idaho Fish and Game, 2013; Oregon 

Department of Fish and Wildlife, 2013b). Therefore, 

differences in temperament and physiological 

responses between WLF and CON cows following 

the simulated wolf encounter should be mainly 

attributed to previous exposure to wolves, and not to 

interactions with canids in general. 

Upon the beginning of the simulated wolf 

encounter, all WLF groups immediately bunched-up 

in the farthest corner of the drylot pen, and 

maintained this disposition during the entire process 

(Figure 1). Conversely, CON cows remained 

dispersed within the drylot pen (Figure 1). This 

behavioral difference suggests that cattle previously 

Page 4



Wolf predation, temperament, and physiological stress responses of beef cattle                                             
 
predated by wolves immediately adopt a fear-related 

protective behavior after perceiving signs of wolf 

presence, whereas the same outcome may not be 

observed in cattle unfamiliar with wolves. 
 

 
 

 
 

 
 

Figure 1. Behavioral responses of beef cows during the 
simulated wolf encounter. 

 

Chute score increased (P = 0.01) from pre- to 

post-exposure assessment in WLF cows but did not 

change in CON cows (P = 0.72), indicating that the 

simulated wolf encounter increased fear-induced 

agitation during chute restraining only in WLF cows 

(Burrow, 1997). Accordingly, WLF cows had a 

greater (P < 0.01) positive change in chute score 

from pre- to post-exposure assessment compared 

with CON cows (Table 1). Exit velocity decreased 

(P = 0.01) from pre- to post-exposure assessment in 

CON cows, which may be associated with fatigue 

caused by the experimental procedures, but did not 

change (P = 0.97) in WLF cows. Hence, CON had a 

greater (P = 0.05) negative change in exit velocity 

from pre- to post-exposure assessment (Table 1), 

suggesting that fear-related responses to the 

simulated wolf encounter prevented the fatigue-

induced decrease in exit velocity of WLF cows. 

Given that temperament score is based on chute 

score and exit velocity, this parameter also increased 

(P = 0.01) from pre- to post-exposure assessment in 

WLF cows but did not change in CON cows (P = 

0.75), evidencing that the simulated wolf encounter 

increased excitability only in WLF cows. Thus, 

WLF cows had a greater (P = 0.01) positive change 

in temperament score from pre- to post-exposure 

assessment compared with CON cows (Table 1).  
 

Table 1. Temperament measurements and plasma 
cortisol concentrations of cows previously exposed (WLF) 
or not (CON) to wolves, and subjected to a simulated wolf 
encounter. 
 

Item WLF CON P-value 
    

Chute Score (1 to 5)    

   Pre-exposure 2.27 1.85 0.01 

   Post-exposure 3.07 1.81 < 0.01 

      P-Value 
1
 < 0.01 0.72  

   Change 
2
 0.78 -0.06 < 0.01 

    

Exit Velocity (feet/s)    

   Pre-exposure  8.10 5.50 < 0.01 

   Post-exposure 8.09 4.62 < 0.01 

      P-Value 
1
 0.97 0.01  

   Change 
2
 -0.01 -0.88 0.05 

    

Temperament Score (1 to 5)   

   Pre-exposure  2.97 2.08 < 0.01 

   Post-exposure 3.37 2.05 < 0.01 

      P-Value 
1
 < 0.01 0.75  

   Change 
2
 0.40 -0.04 0.01 

    

Plasma cortisol (ng/mL)   

   Pre-exposure  17.9 13.1  0.04 

   Post-exposure 23.7 14.6 < 0.01 

      P-Value 
1
 < 0.01 0.19  

   Change 
2
 5.8 1.5 <0.01 

    

1 Time comparison within WLF and CON cows.  
2 Calculated by subtracting pre-exposure values from post-
exposure values. 

 

Plasma cortisol concentrations increased (P < 

0.01) from pre- to post-exposure assessment in WLF 

cows but did not change (P = 0. 19) for CON cows, 

WLF cows 

WLF cows 

CON cows 

CON cows 
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indicating that the simulated wolf encounter induced 

a glucocorticoid stress response only in WLF cows 

(Sapolsky et al., 2000). Accordingly, WLF cows had 

a greater (P < 0.01) positive change in plasma 

cortisol from pre- to post-exposure assessments 

compared with CON cows (Table 1). Body 

temperature increased (P < 0.01) for WLF and CON 

cows during the simulated wolf encounter (Figure 

2). This outcome can be attributed to the handling 

and physical activity that cows endured during the 

experimental procedures (Mader et al., 2005), in 

addition to fear-related stress caused by the 

simulated wolf encounter because increased body 

temperature is a major component within the 

neuroendocrine stress response (Charmandari et al., 

2005). However, WLF cows had a greater (P = 0.03) 

positive change in body temperature from pre- to 

post-exposure assessments compared with CON 

cohorts (0.74 vs. 0.33°F, respectively; SEM = 0.10). 

Given that WLF and CON cows were handled 

similarly and walked the same distances during the 

experimental procedures, this difference detected in 

body temperature change can be attributed to a 

greater fear-related stress that WLF cows endured 

during the simulated wolf encounter. 
 

 
 

Figure 2. Body temperature of cows previously exposed 
(WLF) or not (CON) to wolves, and subjected to a 
simulated wolf encounter. A previous wolf exposure × time 
interaction was detected (P < 0.01). Treatment 
comparison within time: ** P = 0.01, * P = 0.05. 

 

Supporting our hypothesis, WLF cows became 

more excitable and had an increase in plasma 

cortisol and body temperature following the 

simulated wolf encounter, suggesting that cows 

familiar with wolf presence and predation may 

endure fear-related behavioral and physiological 

stress responses (Charmandari et al., 2005) when in 

close proximity with wolves. Conversely, 

temperament and plasma cortisol concentrations in 

CON cows were not impacted by the simulated wolf 

encounter, and the marginal increase in body 

temperature can be attributed to the handling and 

physical activity associated with the experimental 

procedures (Mader et al., 2005). Therefore, wolf 

presence may not be perceived as a stressor in cows 

still unfamiliar with predation and interaction with 

this predator. To our knowledge, no other research 

has evaluated temperament and physiological stress 

parameters in beef cows previously exposed or not 

to wolves, and subjected to a simulated or actual 

wolf encounter. Hence, results described herein are 

novel and cannot be properly compared with the 

limited existing literature within this subject. 

Nevertheless, Boonstra (2013) described that fear of 

predation and its behavioral and physiological 

consequences are based on the anticipatory memory 

of the attack. Consequently, cows that have not yet 

been predated by wolves may not experience a fear-

related stress response when interacting with wolves 

for the first time due to the lack of adverse memories 

from previous predation episodes. In contrast, the 

behavioral and physiological stress responses 

detected herein in WLF cows are known to impair 

performance, reproductive, and health parameters in 

cattle (Cooke et al., 2009; Cooke et al., 2012; 

Francisco et al., 2012). These results support the 

assumption that the impacts of wolf presence and 

predation on beef cattle systems are not limited to 

cattle death and injuries, but may also extend to 

overall productivity and welfare of the herd 

(Lehmkuhler et al., 2007). Consequently, more 

research is warranted to directly evaluate the 

productive and economic consequences that wolves 

bring to beef cattle operations, including studies 

with authentic wolf packs, cattle from the same 

management and genetic background, and assessing 

cattle performance, reproductive, and health 

parameters. 

 

Conclusions 
 

Results from this experiment indicate that the 

simulated wolf encounter increased excitability and 

fear-related physiological stress responses in cows 

previously exposed to wolves, but not in cows 

unfamiliar with this predator. Therefore, the 
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presence of wolf packs near cattle herds may 

negatively impact beef production systems via 

predatory activities and subsequent death and injury 

of animals, as well as by inducing stress responses 

known to impair cattle productivity and welfare 

when packs are in close proximity to previously 

predated herds. 
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Synopsis 

 

A starch-based energy supplement fed at less 

than 0.5% of BW in conjunction with urea is an 

acceptable management alternative to 

supplementation with natural protein for ruminants 

consuming low-quality, cool-season forages. 

 

Summary 
 

Two studies were conducted to evaluate the 

influence of supplement composition on intake and 

digestibility of a low-quality (< 6% CP), cool-season 

forage, as well as cow performance.  Treatments 

included a non-supplemented control (CON), corn 

(8% CP), corn and urea (LU = 27% CP; HU = 43% 

CP) and a positive control of soybean meal (SBM; 

51% CP).  In Experiment 1, 5 ruminally cannulated 

Angus x Hereford steers (avg. 1,234 lb) were used in 

an incomplete 5 x 4 Latin square with four 28-d 

periods to compare the effects of urea addition to a 

corn-based supplement on forage intake, digestibility 

and ruminal fermentation characteristics.  Forage 

intake and digestibility were not influence by 

supplementation (P > 0.10); however, intake was 

greater for SBM than HU (P = 0.01).  Ruminal NH3-

N increased with supplementation (P < 0.01), 

increased linearly with urea inclusion (P < 0.01) and 

was greater for HU than SBM (P < 0.01).  Total 

ruminal volatile fatty acid (VFA) concentration was 

not influenced by supplement composition (P > 0.10).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In Experiment 2, 80 late gestation Angus x Hereford 

cows (avg. 1,118 lb) were stratified by age, BCS, and 

BW and randomly allotted to the treatments described 

in Experiment 1 (20 pens; 4 cows/pen; 4 

pens/treatment).  Cow BW and BCS change were 

improved with supplementation (P < 0.01) and with 

increasing urea inclusion (P < 0.01), but did not differ 

between the HU and SBM treatments (P > 0.10).  

 

Introduction 
 

Low-quality forages are a vital part of beef 

cattle diets; however, forage utilization is typically 

limited without supplementation (DelCurto et al., 

1990a,b; Köster et al., 1996), leading to reduced BW 

and BCS (DelCurton et al., 1990b; Bohnert et al., 

2002b).  This impaired nutritional status and animal 

performance often leads to reduced reproductive 

efficiency (Wiltbank et al., 1962; Bellows and Short, 

1978; Hess et al., 2005) when compared with an 

adequate nutritional state.  Consequently, many 

studies have tried to optimize low-quality forage 

utilization while improving animal performance.  

Protein supplementation typically increases intake 

and digestibility of low-quality, warm-season 

forages (DelCurto et al., 1990a,b; Köster et al., 

1996); whereas, starch-based supplementation at 

greater than 0.5% of BW typically decrease forage 

utilization (Bowman and Sanson, 1996; Garcés-

Yépez et al., 1997). 
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 Studies with low-quality, cool-season 

forages suggest that intake is not increased by 

protein supplementation (Mathis et al., 2000; 

Bohnert et al., 2002b).  Cool-season forages have a 

greater proportion of CP as rumen degradable 

protein (RDP) than warm-season forages (Bohnert et 

al., 2011); suggesting that ruminal NH3-N may not 

limit intake and digestibility to the same extent as 

with warm-season forages.  As a result, protein 

supplementation likely does not have the same 

positive impact on energy balance as seen with 

warm-season forages.  Also, there is limited data 

available on the effects of supplementing low-

quality, cool-season forages with energy-dense 

supplements containing varying protein 

concentrations on cow performance and forage 

utilization.  Therefore, we hypothesize that energy 

supplementation will be more beneficial than protein 

supplementation for ruminants consuming low-

quality, cool-season forages.  As a result, the 

objective of this research was to evaluate the 

influence of supplement composition on intake and 

digestibility of low-quality cool-season forages, as 

well as cow performance.  

 

Materials and Methods 
 

All experimental procedures used in this 

study were approved by the Oregon State University 

Institutional Animal Care and Use Committee. 

 

Experiment 1. Influence of Supplement 

Composition on Forage Intake and Digestibility in 

Steers 
 

 Five ruminally cannulated Angus x Hereford 

steers (avg. 1,234 lb) were used in an incomplete 5 x 

4 Latin square and housed in individual pens within 

an enclosed barn with continuous lighting.  

Treatments consisted of a non-supplemented, 

negative control (CON), 3 high energy corn-based 

supplements with low, moderate and high levels of 

protein (Corn = 0.126 % BW Corn, 8 % CP; LU = 

Corn + 0.009 % BW urea, 27% CP; HU = Corn + 

0.017 % BW urea, 43% CP) and a positive control 

(0.126 % BW SBM, 51% CP, Table 1).  All 

supplements were formulated to be provide similar 

caloric intakes and the SBM treatment was 

formulated to meet the estimated rumen degradable 

protein requirement.  In addition, the HU supplement 

was formulated to provide a similar level of CP as the 

SBM supplement; however, a lower than anticipated 

CP concentration in the corn resulted in the HU 

supplement having a lower CP concentration than the 

SBM supplement.    The LU supplement was 

designed to have a CP concentration halfway between 

that of the Corn and HU supplements.  Supplements 

and a mineral-salt mix (Cattleman’s Choice; 

Performix Nutrition Systems, Nampa, ID) containing 

14% Ca, 10% P, 16% NaCl, 1.5% Mg,  6000 mg/kg 

Zn, 3200 mg/kg Cu, 65 mg/kg I, 900 mg/kg Mn, 140 

mg/kg Se, 136 IU/g of vitamin A, 13 IU/g of vitamin 

D3, and 0.05 IU/g of vitamin E were placed directly 

into the rumen via ruminal cannula daily.  Steers had 

continuous access to fresh water and chopped fine 

fescue grass seed straw (4.7% CP). 

 The 4 experimental periods were 28 d each 

with 20 d of diet adaptation and 8 d of sampling.  

Forage intake was measured d 21 through d 26 and 

blood samples were collected into commercial blood 

collection tubes via coccygeal venipuncture 4 h after 

feeding on d 23 through d 28.  Also, on d 28 ruminal 

fluid was collected immediately before feeding and 

at 1, 3, 6, 9, 12, 18, and 24 h after feeding.  Ruminal 

fluid pH was measured immediately after collection.  

 

Experiment 2. Influence of Supplement 

Composition on Cow Performance 
 

Eighty late gestation (approximately 190 d 

pregnant) Angus x Hereford cows (avg. 1,118 lb) 

were stratified by age, BCS, and BW.  Cows were 

then randomly assigned to 1 of 5 treatments.  The 

same treatments as described in Exp. 1 were used.  

Water and a mineral-salt mix was available free 

choice (same composition as previously described; 

Cattleman’s Choice; Performix Nutrition Systems, 

Nampa, ID).  Cows were provided ad libitum access 

to low-quality (5.0% CP) fine fescue grass seed straw.  

Also, the supplements offered to cows are provided in 

Table 1.  Corn was offered at a daily rate of 1.8 

lb/head with urea added to increase the CP 

concentration to 27% and 43%, respectively, for the 

LU and HU treatments; SBM (51% CP) was offered 

at 1.8 lb/head.   

Cow BW and BCS were measured every 14 d 

until calving and within 24 h post-calving.  Calf BW 

was also obtained within 24 h post-calving.  Blood 

samples were via jugular venipuncture at trial onset, d 

49 and within 24 h post-calving.   

 

Statistical Analysis 
 

Exp. 1.  Intake and digestibility data were 

analyzed as a 5 x 4 incomplete Latin square with the 

MIXED procedure of SAS.  The model included 

period and treatment and steer was used as the 

random variable.  Contrasts used to partition specific 
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treatment effects consisted of: 1) supplemented vs 

non-supplemented; 2) linear effect of urea; 3) 

quadratic effect of urea; and 4) HU vs SBM. 

Ruminal pH, NH3-N and VFA data were 

analyzed using the REPEATED statement with the 

MIXED procedure of SAS.  The model included 

period, treatment, hour and treatment x hour.  Steer 

was used as the RANDOM statement to specify 

variation and steer(period) was used as the subject.  

The specific term for the repeated statement was hour.  

Autoregression (AR1) was determined to be the most 

appropriate covariance structure based on the Akaike 

information criterion.  The same contrasts as 

previously noted were used to partition specific 

treatment effects. 

Blood samples were analyzed using the 

REPEATED statement with the MIXED procedure of 

SAS.  The model included period, treatment, day and 

treatment x day.  Steer was used as the random 

variable and steer(period) was used as the subject.  

The specific term for the repeated statement was day.  

Autoregression (AR1) was determined to be the most 

appropriate covariance structure based on the Akaike 

information criterion.  The same contrasts as 

previously noted were used to partition specific 

treatment effects.  If no treatment x time interactions 

were detected (P > 0.05), overall treatment means 

were compared.  
 

Exp. 2.  Cow performance data was analyzed 

as a randomized block design using the MIXED 

procedure of SAS.  The model included block, 

treatment and treatment x block.  Blood samples were 

analyzed using the REPEATED statement with the 

MIXED procedure of SAS.  Model included block, 

treatment, day and all resulting interactions.  Initial 

blood values were used as a covariate. Cow(pen) and 

pen(treatment) were used as the repeated variables, 

the subject was cow(pen) and appropriate covariate 

structure was determined by the Akaike information 

criterion; AR1 was used for insulin and NEFA and 

compound symmetry (CS) was used for BUN, 

glucose and IGF-I.  The same contrasts as previously 

described were used to partition specific treatment 

effects.  If no treatment x time interactions were 

detected (P > 0.05), treatment means were compared. 

 

Results 
 

Exp. 1 Forage intake, digestibility and ruminal 

fermentation characteristics in steers 
 

Intake and Digestibility.  Intake of grass seed 

straw was not increased with supplementation (P > 

0.10) but was greater for steers receiving SBM than 

for HU steers (P = 0.01; Table 2). As designed, CP 

intake increased with supplementation and increased 

linearly with increasing urea supplementation (P < 

0.01).  However, a lower than expected corn CP 

concentration resulted in greater CP intake with 

SBM supplementation than with HU (P < 0.01), 

possibly explaining the increased straw intake with 

SBM. 

Apparent total tract dry matter and CP 

digestibility increased with supplementation (P ≤ 

0.05; Table 2), which agrees with previous research, 

mostly because of the greater digestibility of the 

supplement when compared to the forage.  We noted 

no differences for SBM vs HU or for urea inclusion 

(P > 0.10) for dry matter digestibility.  This agrees 

with previous work that suggests ruminal fiber 

digestibility is not influenced by protein 

supplementation (Litzenich et al., 1995; Bohnert et 

al., 2002b; Currier et al., 2004b).  Furthermore, low-

levels of energy supplementation typically do not 

alter fiber digestibility (Bowman and Sanson, 1996; 

Garcés-Yépez et al., 1997).  In contrast, CP 

digestibility was increased with increasing urea 

inclusion (P < 0.01) while no difference was noted for 

HU compared with SBM (P = 0.84). 

Ruminal Fermentation.  Ruminal NH3-N 

increased with supplementation (P < 0.01), increased 

linearly with urea inclusion (P < 0.01) and was 

greater for HU supplemented steers compared with 

SBM steers (P < 0.01; Table 2).  Non-supplemented 

steers had a ruminal NH3-N concentration of 1.61 

mM, which is within the range of 1.18 to 2.94 mM 

believed to support optimal growth of rumen 

microbes in vivo (Slyter et al., 1979).  Consequently, 

we can assume that NH3-N was not limiting ruminal 

fermentation in non-supplemented controls. 

Ruminal pH tended to decrease with 

supplementation (P = 0.08; Table 2) and was lower 

for HU steers than SBM steers (P = 0.01).  However, 

ruminal pH remained above 6.4 for all treatments 

and sampling times (data not shown).  This is well 

within the range typically considered to support 

growth of cellulolytic bacteria and fiber digestion, 

assuming other nutrients are available in adequate 

amounts (Yokoyama and Johnson, 1988).  This 

further supports the lack of a supplementation effect 

on ruminal fiber digestibility, as rumen microbe 

growth should not have been effected. 

No treatment effects were seen on total VFA 

concentration or the molar proportions of propionate 

or butyrate (P > 0.05; Table 2).  Additionally, the 

acetate:propionate ratio did not differ between 
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treatments (P > 0.10), suggesting similar energy 

efficiencies of ruminal fermentation.  Nevertheless, 

the molar proportion of acetate was greater for HU 

steers than for SBM steers (P = 0.01) while steers 

supplemented with SBM had greater molar 

proportions of the branch chain VFA isobutyrate, 

isovalerate and valerate (P ≤ 0.01).  This was 

expected, as branch-chain VFA are formed by the 

fermentation of branch-chain amino acids present in 

natural proteins such as SBM (Leng, 1973).  

Supplemented steers had greater molar proportions of 

isovalerate than non-supplemented steers (P < 0.01).  

Isobutyrate tended to decrease linearly with 

increasing urea inclusion (P = 0.06).   

Blood Variables.  Plasma insulin and glucose 

concentrations were not influenced by increased 

dietary CP (P > 0.10; Table 2) despite increases in 

DMI.  Steer blood urea nitrogen (BUN) was increased 

with supplementation (P < 0.01; Table 2) agreeing 

with past research showing increased BUN in 

response to protein supplementation of low quality 

forages (Bohnert et al., 2002a) and is directly 

correlated to N intake. 

Urea, like many NPN sources, is quickly 

hydrolyzed to NH3-N in the rumen, which is then 

utilized or absorbed across the rumen wall and 

transported to the liver.  Blood NH3-N is rapidly 

converted to urea by the liver.  While a portion of N 

from SBM is converted to NH3-N in the rumen, a 

lower, delayed peak in ruminal NH3-N is typically 

observed when compared to rapidly degradable and 

soluble NPN sources.  Therefore, increased ruminal 

NH3-N, and consequently an increased BUN, should 

be expected with urea when compared with SBM 

supplementation.   In the current study,  BUN 

increased linearly with increasing levels of 

supplemental urea (P < 0.01) and was greater for HU 

steers than SBM steers (P < 0.01).   

Protein supplementation has been shown to 

increase plasma IGF-I in beef cattle.  Our data 

supports this as plasma IGF-I concentration increased 

with supplementation (P = 0.02; Table 2) and 

responded to urea inclusion in a quadratic fashion (P 

= 0.03).  Furthermore, IGF-I has been shown to 

increase with greater DMI (Rausch et al., 2002), 

suggesting that our increase in IGF-I with 

supplementation may have been due to greater energy 

and DM intake resulting from supplementation. 
 

Exp.2 Cow Performance 

Protein supplementation of beef cows 

consuming low-quality forage typically improves 

weight and BCS change compared with not providing 

a supplement (Bohnert et al., 2002a; Currier et al. 

2004a).  Pre-calving (within 14 d of calving) BW and 

BCS change were improved with supplementation (P 

< 0.01; Table 3) and increased linearly with 

increasing urea supplementation (P < 0.01).  

Likewise, post-calving BW and BCS change were 

increased with supplementation (P < 0.01) and 

increased linearly with greater urea inclusion (P < 

0.01). 

Past research suggests that urea can be 

included at approximately 3% of supplement DM in a 

high protein (30 to 40% CP) supplement without 

negatively influencing cow performance.  In contrast, 

supplements in the current study included urea at 6.7 

and 12.4% of DM for LU and HU, respectively, and 

cows showed a linear increase in performance 

characteristics in response to increased urea inclusion.  

Although results from Exp. 1 suggests that DMI may 

have differed between HU and SBM treatments, no 

differences were noted in pre- or post-calving BW 

and BCS change for HU cows compared to SBM 

cows (P > 0.10).   

Calf birth weight increased linearly (P = 

0.04) with increasing urea.  It has long been 

understood that an improvement in dam nutritional 

status can lead to increased calf birth weight (Bellows 

and Short, 1978).  This, in combination with the 

improved cow performance noted with increasing 

urea in the current study, suggests that the increase in 

calf birth weight may be the result of an improvement 

in overall nutritional status, as opposed to a direct 

result of increased protein supplementation. 

 Plasma IGF-I concentrations increased with 

supplementation (P < 0.01; Table 3) and responded in 

a quadratic fashion to increasing urea inclusion (P = 

0.05), with IGF-I concentrations appearing to plateau 

when supplemental protein reached the level 

corresponding to the LU supplement.  This supports 

previous work with pregnant beef cattle that reported 

increased IGF-I concentrations in response to 

increases in dietary protein.  Despite differences in 

animal performance between treatments, no treatment 

effects were detected for plasma glucose or serum 

non-esterified fatty acid (NEFA) concentration (P > 

0.10; Table 6).  This result was unexpected, as NEFA 

concentrations are typically elevated with inadequate 

nutritional status, caused by fat tissue mobilization.   

Plasma BUN tended to increase linearly (P = 0.08) 

with increasing urea concentration of the supplement.  

As previously noted, BUN has been shown to 

increase with increasing protein supplementation.  In 

Exp. 1, HU steers had greater plasma BUN 

concentration than SBM steers; however, no 

differences were detected in Exp. 2, which can likely 
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be explained by the timing of blood collection.  Blood 

samples were collected 4 hr after supplementation in 

Exp. 1 and immediately prior to supplementation in 

Exp. 2.  No treatment effects were detected for other 

blood variables between HU and SBM supplemented 

cows (P > 0.10). 
 

Conclusions 
 

These results suggest that intake of low-

quality, cool-season forage was not limited by 

ruminally available-N.  However, the improvement in 

animal performance with supplementation indicates 

that both energy and protein were limiting 

performance.  The addition of supplemental energy 

necessitated the addition of rumen degradable protein 

to optimize forage utilization and performance, 

resulting in similar performance between animals 

supplemented with natural protein and those receiving 

an energy dense supplement with added urea.  As a 

result, a starch-based energy supplement, along with a 

source of NPN, appears to be an acceptable 

management alternative to sources of natural protein 

for ruminants consuming low-quality, cool-season 

forage. 
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Table 1. Ingredient and nutrient content of fine fescue straw and supplements 
 

 
Treatmenta     

  Con Corn LU HU SBM Straw 

 
          Exp.1 Exp. 2 

Supplement Composition, % DM 
      Corn - 100.0 93.3 87.6 - - - 

Urea - - 6.7 12.4 - - - 

SBM - - - - 100.0 - - 

Nutrient Composition, % DM 
       CP, %DM - 8.3 27.3 43.2 51.2 4.7 5.0 

TDN, %DMb - 87.5 81.6 76.7 80.0 48.2 49.2 

NEm, Mcal/kgc - 2.19 2.04 1.92 1.93 0.90 0.94 

NEg, Mcal/kgc - 1.51 1.42 1.33 1.28 0.36 0.39 

NDF, %DM - 10.4 10.4 9.7 9.1 75.2 77.5 

ADF, %DM - 4.8 4.8 4.5 4.2 45.4 44.1 
a  Con = control; Corn = corn; LU = low urea; HU = high urea; SBM = soybean meal. 
b  Calculated with the following equation (Bath and Marble, 1989): TDN = 88.9 - (0.779 * ADF) 
c  Calculated with the following equations (NRC, 1996): NEm = 1.37ME − 0.138ME

2 + 0.0105ME3  − 1.12; NEg = 1.42ME − 
0.174ME2 + 0.0122ME3 − 1.65, given that ME = 0.82 × DE, and 1 kg of TDN = 4.4 Mcal of DE. 
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Table 2. Effects of supplement composition on intake and diet digestibility, ruminal fermentation characteristics, and blood 
variables in steers consuming low-quality, cool-season forage (Exp. 1) 
   Contrastsc, P = 

 
Treatmenta 

 
Con vs L Q HU vs 

  Con Corn LU HU SBM SEMb Supp Urea Urea SBM 
Intake, % of BW 

          Forage 2.15 2.08 2.17 2.05 2.30 0.071 0.87 0.64 0.10 <0.01 
Supplement 0.00 0.126 0.135 0.143 0.127 

     Total 2.15 2.21 2.30 2.20 2.43 0.071 0.02 0.85 0.10 <0.01 
CP Intake, % of BW 0.103 0.113 0.143 0.161 0.175 0.004 <0.01 <0.01 0.13 <0.01 
Apparent Dig., % 

          Dry matter 33.9 37.0 37.7 36.5 36.9 1.250 0.05 0.76 0.54 0.79 
CP 17.3 20.0 33.3 44.2 43.2 3.584 <0.01 <0.01 0.79 0.84 
NH3-N, mM 1.61 1.50 3.20 4.72 2.96 0.213 <0.01 <0.01 0.69 <0.01 
pH 6.88 6.81 6.81 6.76 6.88 0.048 0.08 0.38 0.61 0.01 
Total VFA, mM 134.3 136.4 134.2 135.5 128.0 6.73 0.91 0.93 0.84 0.44 
VFA, mol/100 mol           
    Acetate 63.85 63.41 63.22 63.66 61.07 0.672 0.19 0.80 0.71 0.01 
    Propionate 18.06 17.51 18.07 17.99 18.11 0.381 0.63 0.22 0.33 0.75 
    Isobutyrate 1.88 1.85 1.72 1.64 2.38 0.094 0.86 0.06 0.81 <0.01 
    Butyrate 10.86 11.79 11.35 11.48 10.91 0.316 0.15 0.48 0.47 0.22 
    Isovalerate 1.92 2.08 2.25 1.93 3.54 0.204 <0.01 0.51 0.21 <0.01 
    Valerate 3.35 3.22 3.52 3.40 3.94 0.140 0.28 0.36 0.23 0.01 

    Acetate:propionate 3.56 3.66 3.52 3.58 3.39 0.111 0.84 0.54 0.39 0.16 
Insulin, ng/mL 1.51 1.61 1.40 1.65 1.46 0.330 0.95 0.91 0.42 0.55 
Glucose, mg/dL  53.8 54.1 55.2 54.7 55.2 1.58 0.54 0.75 0.66 0.83 
IGF-I, ng/mL 139 131 167 161 176 14.4 0.02 0.01 0.03 0.13 
BUN, mg/dL 10.2 10.2 17.4 22.8 18.5 0.94 <0.01 <0.01 0.35 <0.01 
a  Con = control; Corn = corn; LU = low urea; HU = high urea; SBM = soybean meal.  
b  n = 5 
c  Con vs Supp = control vs supplemented treatments; L urea = linear effect of urea; Q urea = quadratic effect of urea; HU vs 
SBM = high urea vs soybean meal. 
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Influence of Supplement Composition on Utilization of Low-Quality, Cool-Season Forages by Cattle             
 

Table 3. Effects of supplement composition on cow performance, calf birth weight, and blood variables (Exp. 2) 

   Contrastsc, P = 

 
Treatmenta 

 
Con vs L Q HU vs 

  Con Corn LU HU SBM SEMb Supp Urea Urea SBM 

Initial Wt., kg 516 518 505 509 497 10.2 0.46 0.53 0.53 0.41 

Initial BCS 4.76 4.75 4.82 4.62 4.79 0.103 0.86 0.37 0.25 0.21 

Weight change, kg 
          Precalving 18.9 21.0 50.6 66.6 70.7 6.52 <0.01 <0.01 0.39 0.64 

Postcalving -36.0 -29.6 5.2 15.6 17.3 7.41 <0.01 <0.01 0.17 0.86 

BCS change 
          Precalving -0.49 -0.32 0.05 0.12 0.26 0.089 <0.01 <0.01 0.17 0.25 

Postcalving -0.63 -0.57 -0.22 -0.05 0.15 0.089 <0.01 <0.01 0.40 0.11 

Calf Birth Wt., kg 37.7 34.1 37.8 38.3 40.3 1.39 0.96 0.04 0.34 0.29 

Insulin, ng/mL 0.80 0.89 1.20 1.08 1.22 0.149 0.07 0.36 0.23 0.50 

Glucose, mg/dL  56.6 62.7 60.3 63.1 61.0 5.06 0.45 0.96 0.71 0.79 

IGF-I, ng/mL 25.0 26.6 39.0 39.4 41.7 2.52 <0.01 <0.01 0.05 0.51 

BUN, mg/dL 9.32 7.63 12.72 14.88 18.41 1.150 0.13 0.08 0.43 0.21 

NEFA, mEq/L 0.48 0.47 0.53 0.58 0.48 0.116 0.82 0.59 0.95 0.62 
a  Con = control; Corn = corn; LU = low urea; HU = high urea; SBM = soybean meal.  
b  n = 4 
c  Con vs Supp = control vs supplemented treatments; L urea = linear effect of urea; Q urea = quadratic effect of urea; HU vs 
SBM = high urea vs soybean meal. 
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Synopsis 
 

Feeding dairy cows supranutritional 

selenium-yeast supplement during the dry period for 

8 weeks prepartum was superior to spiking colostrum 

with sodium selenite at increasing serum 

immunoglobulin G concentrations in calves. 

 

Summary 
 

Supranutritional selenium (Se) 

supplementation with sodium (Na)-selenite in 

colostrum has been shown to improve 

immunoglobulin G (IgG) absorption in Se-deficient 

new-born dairy calves.  Our objective was to 

determine whether feeding cows a supranutritonal 

Se-yeast supplement during the last 8 wk before 

calving, feeding calves colostrum from cows fed 

supranutritional Se-yeast supplement, or adding Na-

selenite directly to colostrum, alone or in 

 

combination, is the most effective method to 

increase serum IgG concentrations in Se-replete 

dairy calves.   Calves born to mothers fed 

supranutritional Se-yeast for 8 wk prepartum had 

increased whole blood (WB) Se concentrations for the 

first 2 wk, and significantly increased serum IgG 

concentrations (69% at 48 h) until 60 d of age.  

Calves born to control cows who received Na-selenite 

spiked colostrum alone had increased WB-Se 

concentrations for the first 2 wk, but did not have 

significantly increased IgG concentrations (41% 

increase at 48 h).  The increase in colostral-Se 

concentrations from feeding cows supplemental Se-

yeast (+71%) was insufficient to increase WB-Se or 

IgG concentrations in Se-replete calves.  Feeding Se-

replete dairy cows supranutritional Se-yeast 

supplement for 8 wk prepartum during the dry period 

was superior to spiking colostrum with 

supranutritional concentrations of Na-selenite for 

improving passive absorption of IgG in calves.   

BEEF112 

Effect of Supranutritional Maternal or Colostral Selenium 
Supplementation on Passive Absorption of 
immunoglobulin G in Selenium-Replete Dairy Calves 

1 
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Supranutritional Se Supplementation on Ig-G Absorption in Selenium-Replete Dairy Calves               
 

Introduction 
 

Selenium (Se) is an essential micronutrient 

for ruminant animals affecting both performance 

(Hall et al., 2013a, Stewart et al., 2012) and immune 

functions (Hall et al., 2011a, Hall et al., 2011b, 

Hugejiletu et al., 2013, Hall et al., 2013b).  Severe 

Se deficiency results in nutritional myopathy or 

"white-muscle disease", whereas subclinical Se 

deficiency causes muscular weakness of the 

newborn, immunosuppression, unthriftiness, reduced 

weight gain, and scours in calves (Koller et al., 

1983).  Adequate Se must be provided to prevent Se 

responsive diseases plus other disorders related to a 

deficiency of Se in the diet.  Providing Se to the 

mother during gestation is an effective method to 

meet Se requirements in the newborn because Se 

efficiently crosses the placental barrier into fetal 

tissues and enters colostrum and milk (El Ghany-

Hefnawy et al., 2007, Rock et al., 2001, Stewart et 

al., 2013). 

 There are two means by which an animal 

gains immunity against an infectious disease.  The 

first, (passive immunity) includes antibodies 

transferred from the mother to her offspring in 

colostrum.  These passively transferred antibodies 

provide immediate protection, but are eventually 

broken down such that as concentrations decline, the 

animal becomes susceptible to infection.  The 

second, (acquired immunity) involves administering 

an antigen to an animal, who responds by 

developing a primary immune response.   The 

disadvantage of acquired immunity is that protection 

is not available immediately; however, once 

established acquired immunity lasts a long time.  

Antibodies first become detectable about one week 

after vaccination (or exposure to a pathogen) and 

their concentration in serum increases for 10 to 14 d 

and then declines.  The amount of antibody formed 

and the amount of protection conferred during the 

primary response is relatively small.  Upon second 

exposure to the same antigen the response is very 

different, occurring more quickly, with antibodies 

reaching higher levels that last much longer.  By 

adulthood, most cattle have been vaccinated or 

exposed to pathogens, and thus, acquired immunity 

provides ongoing protection.  In contrast, newborn 

animals are susceptible to diseases that present little 

threat to adults.  Antibodies provided in the 

colostrum are extremely important for interim 

protection of the neonate. 

 In ruminants, immunoglobulin G (IgG) is 

the predominant immunoglobulin isotype in 

colostrum, and it is derived from the dam’s serum 

(Baumrucker et al., 2010).  Naturally-suckled calves 

ingest an average of 2 L of colostrum.  Due to the 

nature of the digestive tract of immature ruminants, 

colostral proteins are not degraded but instead reach 

the small intestine intact where they are actively 

taken up by epithelial cells through pinocytosis and 

pass through these enterocytes into the lacteals. They 

eventually reach the systemic circulation, which 

allows the newborn to obtain a massive transfusion 

of maternal immunoglobulins. The period during 

which the intestine is permeable to proteins varies, 

but is highest immediately after birth, declines after 

6 h, and drops to relatively low levels by 24 h 

(Quigley and Drewry, 1998).  Newborn animals that 

do not suckle normally possess low levels of IgG in 

their serum.  Because of the nature of the absorptive 

process, peak serum IgG concentrations are 

normally reached between 12 and 24 h after birth.  

After absorption ceases, concentrations of these 

passively acquired antibodies immediately begin to 

decline through normal body processes.  Failure of 

passive transfer predisposes a young animal to 

infection. 

 Current FDA regulations limit the amount of 

dietary Se supplementation in ruminant animals to 

0.3 mg/kg (as fed) of inorganic Na-selenite or Na-

selenate, or organic Se-yeast, which is equivalent to 

3 mg per beef cow per d (FDA, 2012).  In a Japanese 

study (Kamada et al., 2007), Na-selenite added 

directly to colostrum at 10× the maximum U. S. 

FDA permitted level (3 mg Se/kg colostrum) 

increased IgG absorption in Se-deficient newborn 

dairy calves by over 40%.  Selenium was postulated 

to act directly on the intestinal epithelium to 

stimulate pinocytosis (Kamada et al., 2007).  If Se in 

colostrum is beneficial in promoting intestinal IgG 

absorption, it would be possible for producers to 

adopt a Se drenching program by adding Na-selenite 

to colostrum, because calves are routinely handled at 

birth to place ear tags.  However, the labor costs 

associated with giving every calf Na-selenite in its 

colostrum at birth would be high, as would the 

potential for errors in dosing calculations.  Our goal 

was to find a more practical and safer alternative 

approach.   

The objective of this study was to determine 

whether feeding cows supranutritonal Se-yeast 

concentrations during the 8-wk prepartum period, 

feeding calves colostrum from cows fed 

supranutritonal Se-yeast concentrations, or adding 

Na-selenite directly to colostrum, alone or in 

combination, is the most effective method to 
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Supranutritional Se Supplementation on Ig-G Absorption in Selenium-Replete Dairy Calves               
 
increase serum IgG concentrations in Se-replete 

dairy calves.  We hypothesized that in utero 

exposure to supranutritional Se concentrations may 

act synergistically with colostrum containing 

supranutritional Se concentrations to increase serum 

IgG concentrations in Se-replete dairy calves. 

 

Materials and Methods 
 

The study design was a nested 2 x 2 factorial 

design, with 7 treatment groups, using pregnant 

Jersey cows at a commercial dairy in Oregon 

(Columbia River Dairy, LLC, Boardman, OR).  The 

main consideration was maternal Se [mothers were 

fed 0 (control cows) or 105 mg Se-yeast once weekly 

during the last 8 wk prepartum (supranutritional Se-

yeast supplemented cows)].  Calves from each mother 

group were randomly assigned to one of four 

treatment groups.  Treatment groups assignments 

were based on source of colostral Se (pooled 

colostrum from control cows receiving 0 mg 

supplemental Se-yeast or pooled colostrum from 

supranutritional Se-yeast supplemented cows 

receiving 105 mg Se-yeast once weekly during the 

last 8 wk prepartum), and supplemental Se (Na-

selenite added to colostrum at 0 or 3 mg Se/L of 

colostrum).  There were 7 calf treatment groups; no 

calves from control cows (cows not fed Se-yeast) 

were assigned to the group that received colostrum 

from cows fed Se-yeast and spiked with Na-selenite 

because under field conditions this treatment would 

not exist. The organic Se source had a guaranteed 

analysis of 2 g/kg of organically bound Se with 78% 

being selenomethionine. The inorganic Na-selenite 

was 456 g Se/kg or 45.6% Se.  

  At 8 wk before their expected calving date, 

49 pregnant Jersey dairy cows were selected to 

receive 105 mg Se-yeast as a top dressing to their 

total mixed ration. Cows were head locked when 

they started to eat at a bunk feeder.  The Se-yeast 

was placed directly in front of each cow for 

individual consumption. The supplemental Se-yeast 

dosage (105 mg Se/wk) was calculated to provide 5 

times the maximal FDA-permitted level of 3 mg 

Se/d.  This is 5 times the FDA regulation for 

supplementing ruminant diets, but less than 5 mg/kg, 

which is considered to be the maximal tolerable 

level for ruminants (NRC, 2005).   

 Other dairy cows (control cows; n = 26) 

received only the Na-selenite in their ration and 

represented cows receiving 0 mg supplemental Se-

yeast once weekly during the last 8 wk prepartum.  

The ration for all cows was formulated to meet NRC 

recommendations for dry cows (NRC, 2001) and 

contained supplemental Na-selenite at 0.3 mg Se/kg 

DM. 

 Colostrum was collected from control and 

Se-yeast supplemented cows within 2 h of calving 

and pooled, respectively.  The first calves were 

assigned to groups fed colostrum from control cows 

until sufficient colostrum from Se-yeast fed 

colostrum was available.  Colostrum was frozen in 2 

L quantities for subsequent warm water thawing and 

feeding to calves.  As Se-yeast supplemented cows 

calved, their colostrum was collected, pooled, and 

stored at 4 ºC.  A pooled 2 L aliquot was then fed to 

respective calves.  The Na-selenite dose was added 

to half the 2 L aliquots at a final concentration of 3 

mg Se/L of colostrum, based on the results of 

Kamada et al. (2007).  Aliquots were taken from 

multiple colostrum preparations throughout the 

study to measure Se and IgG concentrations.  

 Calves were fed 2 L of colostrum within 2 h 

of birth and then 2 L of the same colostrum at 12 h 

of age.  Calves were housed in a common nursery 

pen for the first 24 h, and not fed anything apart 

from colostrum during this 24-h period.  Calves 

were subsequently housed in individual calf hutches 

after 24 h and were all fed the same diet.  Ear tags 

were used to identify the calves. Body weights of all 

calves were recorded within 2 hr of calving, and at 

14 d, and 56 d of age.   

 

Blood and Colostrum Collection for Se Analyses of 

Cow and Calf Samples 
 

Blood samples were collected from cows 10 

d before the expected calving date.  Cows fed Se-

yeast with WB-Se concentrations that were unlikely 

to reach 300 ng/mL (n = 9 of 49) were excluded 

from the study.  Colostrum samples were collected 

at first milking after parturition and pooled (cows 

fed Se-Yeast supplement vs. control cows), with 

aliquots frozen at -20 ºC.  All blood and colostrum 

samples were submitted to a commercial laboratory 

for Se analysis.   

 

Blood and Colostrum Collection for IgG Analysis 

of Cow and Calf Samples 
 

Jugular venous blood was collected from 

calves within 2 hr of calving, and at 48 hr, 14 d, and 

60 d of age.  Concentrations of IgG in pooled cow 

colostrum or individual calf serum were quantified 

using a direct ELISA procedure.  Results are 

reported as mg/mL IgG. 

 

Page 18

file:///C:/Documents%20and%20Settings/cookef/Local%20Settings/Temporary%20Internet%20Files/Content.Outlook/OTY6BDWQ/OBC%202013%20report-Dairy%20calf%20project.docx%23_ENREF_23


Supranutritional Se Supplementation on Ig-G Absorption in Selenium-Replete Dairy Calves               
 

Statistical Analyses 
 

Statistical analyses were performed using 

SAS version 9.2 (SAS, Inc., Cary, NC, USA) 

software.  In calves, concentrations of WB-Se, 

serum-Se, serum IgG, and body weight (BW) were 

analyzed as repeated-measures-in-time using PROC 

MIXED.  Fixed effects in the model were cow 

treatment (mothers received 0 vs. 105 mg Se/wk as 

Se-yeast), calf treatment nested within cow 

treatment (colostrum from control cows plus no Na-

selenite added to colostrum, colostrum from Se-

yeast fed cows plus no Na-selenite added to 

colostrum, colostrum from control cows plus Na-

selenite added to colostrum at 3 mg Se/L, colostrum 

from Se-yeast fed cows plus Na-selenite added to 

colostrum at 3 mg Se/L), age at blood sampling, and 

their interaction.  The effect of colostral Se 

(colostrum from cows receiving 0 vs. 105 mg Se/wk 

as Se-yeast) was not significant for any response 

variable; therefore, we constructed contrasts that 

grouped calves into four groups:  1) calves whose 

mothers received 0 mg Se/wk as Se-yeast, and who 

received 0 mg Se/L as Na-selenite added to 

colostrum, 2) calves whose mothers received 105 mg 

Se/wk as Se-yeast, and  who received 0 mg Se/L as 

Na-selenite added to colostrum, 3) calves whose 

mothers received 0 mg Se/wk as Se-yeast, and who 

received 3 mg Se/L as Na-selenite added to 

colostrum, and 4) calves whose mothers received 

105 mg Se/wk as Se-yeast, and who also received 3 

mg Se/L as Na-selenite added to colostrum.  Data 

are reported as LSM ± SEM.  All statistical tests 

were two-sided.  Statistical significance was 

declared at P ≤ 0.05 and a tendency at 0.05 < P ≤ 

0.10. 

 

Results 
 

Of the 49 cows fed Se-yeast supplement for 

8 wk prior to calving, 34 of their calves were utilized 

in this study.  Nine cow/calf pairs were excluded 

because mothers had WB-Se concentrations that 

were unlikely to reach 300 ng/mL at the time of 

calving.  Other cows were excluded for various 

reasons such as dead calves at birth or late calving. 

Effect of Se-Yeast Supplementation on Se and IgG 

Concentrations at Calving 
 

Cows: Feeding 105 mg Se/wk as Se-yeast 

during the last 8 wk before the expected calving date 

increased WB-Se concentrations 29% in Se-yeast 

supplemented cows (335 ± 5 ng/mL vs. 260 ± 8 

ng/mL; P < 0.0001) and serum-Se concentrations 

69% (118.7 ± 2.6 ng/mL vs. 70.3 ± 2.6 ng/mL; P < 

0.0001) compared with control cows fed no Se-

yeast. 

The Se concentrations of colostrum for the 

various treatments were as follows: colostrum from 

control cows fed no Se-yeast = 219 ng/mL; 

colostrum from Se-yeast supplemented cows = 374 

ng/mL; colostrum from control cows fed no Se-yeast 

and spiked with Na-selenite  = 3,482 ng/mL; and 

colostrum from cows fed Se-yeast supplement and 

also spiked with Na-selenite = 3,637 ng/mL.   After 

adding 3 mg Se/L of Na-selenite to colostrum, the 

Se concentration increased 9.8 and 15.9 fold in 

colostrum of Se-yeast supplemented cows and 

control cows fed no Se-yeast, respectively.  The IgG 

concentrations of pooled colostrum for Se-yeast 

supplemented cows and control cows fed no Se-

yeast were 23.8 and 48.9 mg/mL, respectively. 

Calves: Within 2 h of birth, and before they 

were fed colostrum, calves from Se-yeast 

supplemented mothers had 46% greater WB-Se 

concentrations, 281 ± 7 ng/mL vs. 193 ± 9 ng/mL; P 

< 0.0001), 50% greater serum-Se concentrations; 

79.1 ± 4.3 ng/mL vs. 52.9 ± 5.2 ng/mL; P < 0.0001), 

and 9% greater birth weights; 29.7 ± 0.6 kg vs. 27.3 

± 0.8 kg; P = 0.02) compared with calves from 

control cows fed no Se-yeast.  Before they were fed 

colostrum, serum IgG concentrations of calves were 

not detectable. 

 
Effect of Se Supplementation on Se and IgG 

Concentrations in Calves at 48 h 
 

Calves: At 48 h of age, and after colostrum 

administration, calves from control cows fed no Se-

yeast but who received colostrum spiked with Na-

selenite had 41% greater WB-Se concentrations 

compared with calves from control cows fed no Se-

yeast that received colostrum without any 

supplemental Na-selenite.  The effects of Se-yeast 

supplementation of mothers and adding Na-selenite 

to colostrum were additive, as calves from Se-yeast 

supplemented cows who also received colostrum 

spiked with Na-selenite had the highest WB-Se 

concentrations (376 ± 13 ng/mL).  The combined 

effects, of Se-yeast supplementation of mothers and 

spiking colostrum with Na-selenite, on serum-Se 

concentrations were smaller than what was seen in 

WB-Se concentrations  Despite its higher Se content, 

feeding colostrum from cows fed Se-yeast 

supplement did not increase WB-Se, serum-Se, or 

IgG concentrations in calves compared with calves 
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fed colostrum from cows receiving no Se-yeast 

supplement. 

 Calves from Se-yeast supplemented cows 

that received colostrum without any supplemental 

Na-selenite had 69% greater serum-IgG 

concentrations compared with calves from control 

cows fed no Se-yeast that received colostrum 

without any supplemental Na-selenite (20.6 ± 2.1 

mg/mL vs. 12.2 ± 2.4 mg/mL; P = 0.01), whereas 

calves from control cows fed no Se-yeast that 

received colostrum with supplemental Na-selenite 

did not have significantly greater serum-IgG 

concentrations (17.2 ± 3.7 mg/mL; 41% increase; P 

= 0.27) compared with calves from control cows fed 

no Se-yeast that received colostrum without any 

supplemental Na-selenite.  Calves from cows fed Se-

yeast that also received Na-selenite spiked colostrum 

(18.7 ± 2.5 mg/mL) did not differ from calves that 

received either treatment alone.  

 
Effect of Se Supplementation on Se and IgG 

Concentrations and Body Weight in Calves at 14 d 
 

Calves: Concentrations of WB-Se decreased 

significantly in calves from all treatment groups 

between 2 and 14 d after birth (all P < 0.01).  

Despite a greater decrease in WB-Se concentrations 

in Se-supplemented calves, WB-Se concentrations 

remained higher at 14 d in calves from all Se-

supplemented calf groups vs. control calves (calves 

from control cows fed no Se-yeast that received 

colostrum without any supplemental Na-selenite).  

Compared with control calves (171 ± 9 ng/mL), 

WB-Se concentrations were greater for calves from 

Se-yeast supplemented cows that received colostrum 

without any supplemental Na-selenite (226 ± 8 

ng/mL; P < 0.0001) and calves from control cows 

fed no Se-yeast that received colostrum spiked with 

Na-selenite (225 ± 15 ng/mL; P = 0.003), with the 

highest concentrations observed for calves from Se-

yeast supplemented cows that received colostrum 

spiked with Na-selenite calves (256 ± 10 ng/mL).  

At 14 d of age, calves from mothers fed Se-

yeast that received colostrum spiked with Na-

selenite had 117% greater serum IgG concentrations 

compared with calves from control cows fed no Se-

yeast that received colostrum without any 

supplemental Na-selenite (10.4 ± 1.3 mg/mL vs. 4.8 

± 1.2 mg/mL; P = 0.0004).  Serum IgG 

concentrations in calves from mothers fed Se-yeast 

that received no Na-selenite spiked colostrum, and in 

calves from mothers fed no Se-yeast but who 

received Na-selenite spiked colostrum were not 

different from calves from control cows fed no Se-

yeast that received colostrum without any 

supplemental Na-selenite. 

The effect of maternal-Se supplementation 

on BW was similar to day 0.  The calves from cows 

fed Se-yeast tended to have greater BW compared 

with calves from cows not fed Se-yeast (35.9 ± 0.9 

kg vs. 33.4 ± 1.0 kg; P = 0.07).   

 
Effect of Se Supplementation on IgG 

Concentrations and Body Weight in Calves at 60 d 
 

 The beneficial effects of being a calf born to 

a cow that received Se-yeast or a calf fed colostrum 

spiked with Na-selenite on serum IgG concentrations 

persisted until 60 d of age.  Compared with control 

calves (calves from control cows fed no Se-yeast 

that received colostrum without any supplemental 

Na-selenite), calves from cows that received Se-

yeast but not Na-selenite spiked colostrum had 68% 

greater serum-IgG concentrations (8.4 ± 0.9 mg/mL 

vs. 5.0 ± 1.0 mg/mL; P = 0.01).  Calves from cows 

that did not receive Se-yeast but who received Na-

selenite spiked colostrum tended to have greater 

serum-IgG concentrations (8.4 ± 1.5 mg/mL; 68% 

increase; P = 0.06) compared with control calves.  

Calves from cows fed Se-yeast that also received 

Na-selenite spiked colostrum (7.7 ± 1.0 mg/mL) did 

not differ from calves that received either treatment 

alone.  No group differences were observed for BW 

at 60 d. 

It is worth noting that the effects of Se status 

on calf health are not limited to enhanced passive 

transfer of maternal immunoglobulins.  As reviewed 

by Enjalbert (Enjalbert, 2009), other measures of 

non-specific and specific immunity in calves born to 

cows supplemented with Se are enhanced.  We have 

recently shown higher antibody titers post 

immunization, greater neutrophil total antioxidant 

potential, and lower levels of inflammatory gene 

expression in weaned beef calves fed alfalfa hay 

with supranutritional concentrations of Se in a study 

at OSU’s Soap Creek Ranch.  In the transitional 

period between weaning and movement to a feedlot 

(Hall et al., 2013a), and in the feedlot (Hall et al., 

2013b), calves previously fed the highest-Se 

supplemented forage levels had higher BW,  greater 

slaughter weights, and better immune functions.  

Our studies suggest that supranutritional Se 

supplementation improves not only passive 

immunity, but also enhances immunity and 

performance in calves as they age. 
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Conclusions 
 

The objective of this study was to determine 

whether feeding cows supranutritional Se-yeast 

concentrations during the 8-wk prepartum period, 

feeding calves colostrum from cows fed 

supranutritional Se-yeast concentrations, or adding 

Na-selenite directly to colostrum, alone or in 

combination, was the most effective method to 

increase serum IgG concentrations in Se-replete 

dairy calves.  We conclude that feeding cows 

supranutritional Se-yeast concentrations during the 

8-wk prepartum period is the most effective method 

to increase serum IgG concentrations in dairy calves.  

We saw no additional benefits of adding Na-selenite 

directly to colostrum in calves born to mothers fed 

Se-yeast prior to calving.  Feeding Se-yeast 

modulates the absorption of IgG by the newborn 

calf. 
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Synopsis 

 

Feeding yeast culture fermentation product 

during the transition period may have a beneficial 

effect on ovarian activity of dairy cows through 

higher serum progesterone, cholesterol, and vitamin 

E concentrations and a shorter weight loss period 

after calving. 

 

Summary 
 

The objective of this study was to evaluate if 

and how feeding of Saccharomyces cerevisiae 

(yeast) fermentation product (SCFP; Diamond V 

Original XP™) during the transition period affects 

reproductive performance of dairy cows.  

Multiparous Holstein cows were given individually 

a supplement containing either 0 (control; n = 54), 

56 (n = 52; currently recommended dosage); or 112 

g (n = 54) of XP daily during morning lock-up as a 

top dressing to their ration.  The supplement 

consisted of 0, 56, or 112 grams of XP mixed with 

84 grams of molasses and 168, 112, or 56 grams of 

corn meal, respectively.  Daily supplement feeding 

began 4 weeks before predicted calving date (at least 

14 days before calving) and ended 28 days after 

calving.  Blood samples were collected at days 28, 

35, 42, and 49 after calving to measure serum 

concentrations of progesterone, cholesterol, and α-

tocopherol.  Body condition was measured weekly 

during the supplementation period and 7 and 14 

weeks postpartum.  Cows started on a presynch- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ovsynchronization program for timed AI in week 8 

postpartum.  XP-Supplementation or XP-dosage did 

not change conception rates, number of services, and 

days open; however, at days 42 and 49 postpartum, 

XP-fed cows had dose-independently higher serum 

progesterone concentrations (both P = 0.05), 

indicating greater ovarian activity.  Whereas serum 

progesterone concentrations (P = 0.02) and body 

condition scores (P = 0.04) decreased in control 

cows between 28 and 49 days postpartum, no 

changes were observed in XP-fed cows.  Serum 

cholesterol and α-tocopherol concentrations 

increased in all groups between 28 and 49 days 

postpartum; however, the increases were greater in 

XP-fed versus control cows (α-tocopherol: P = 0.02; 

cholesterol: P = 0.12), resulting in higher serum 

vitamin E concentrations at days 42 (P = 0.07) and 

49 postpartum (P = 0.02) in XP-fed versus control 

cows.  Our results suggest that feeding yeast culture 

fermentation product during the transition period 

may have beneficial effects on ovarian activity by 

improving feed utilization, absorption or both.   

 
Introduction 

 

The transition period, generally defined as 3 

weeks before to 3 weeks after calving, is the most 

metabolically challenging in the life of dairy cows as 

increased nutritional and energy demands exceed 

intake after calving.  While some body weight loss 

in early lactation is normal, excessive body weight 

loss of one body condition score or more is one of 
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the major reasons for delayed postpartum ovarian 

activity and rebreeding.  Severe negative nutrient 

and energy balance negatively affects metabolic and 

endocrine pathways necessary for synthesis of 

reproductive hormones, oocyte maturation, ovulation 

of viable oocytes, a functional corpus luteum, and 

embryo survival (Leroy et al., 2008). 

Feeding ruminal fermentation modifiers 

during the transition period could be a cost-effective 

and safe way to promote feed intake and maximize 

feed utilization and thereby prevent delayed 

rebreeding (Eastridge, 2006).  One of the most 

widely-used ruminal fermentation modifiers are 

Saccharomyces cerevisiae (yeast) fermentation 

products (SCFP), including Original XP
TM

 

(Diamond V, Cedar Rapids, IA).  Original XP 

improves feed intake and feed utilization because it 

is rich in antioxidants, vitamins, nucleotides, amino 

acids, and other bioactive compounds that can serve 

as nutrient sources and growth promoters for the 

rumen microflora (Harrison et al., 1988; Callaway 

and Martin, 1997). 

 By improving feed utilization, feeding SCFP 

may prevent delayed and/or inadequate synthesis of 

hormones, such as progesterone, which are essential 

for inducing and maintaining ovarian activity and 

pregnancy, as well as high concentrations of 

oxidized lipids, which result in early embryonic 

death (Hansen, 2007).  Our hypothesis was that 

feeding dairy cows XP during the transition period 

improves feed utilization, absorption, or both, 

resulting in higher serum concentrations of the 

progesterone precursor cholesterol and the primary 

lipid antioxidant α-tocopherol, which, in turn, results 

in higher serum progesterone concentrations and 

ovarian activity and improved reproductive 

performance, as indicated by higher conception 

rates, lower number of services, and less days open.  

To test our hypothesis, we determined the effect of 

feeding daily 0, 56 (currently recommended dosage), 

or 112 gram of XP to dairy cows between 4 weeks 

before predicted calving date and 4 weeks after 

calving on reproductive performance, ovarian 

activity, and serum concentrations of progesterone, 

cholesterol, and α-tocopherol, the physiologically 

most important form of vitamin E. 

 

Materials and Methods 
 

The study was conducted on a 1,000-head 

commercial dairy farm in Oregon’s Central 

Willamette Valley. The study design was a 

randomized complete block design.  Holstein cows 

were blocked by upcoming parity (2, 3, 4 or greater) 

and randomly assigned to three treatment groups.  

The treatment consisted of 0 (control; n = 54), 56 (n 

= 52; currently recommended dosage), or 112 grams 

per day (n = 54) of XP (Diamond V Original XP™; 

Cedar Rapids, IA) mixed with 84 grams of molasses 

and 168, 112, or 56 grams of corn meal, 

respectively.  The XP consisted of fermentation 

metabolites produced from Saccharomyces 

cerevisiae (yeast) when grown using a proprietary 

technique, along with the fermentation medium 

(ground yellow corn, hominy feed, corn gluten feed, 

wheat middlings, rye middlings, diastaticmalt and 

corn syrup, and cane molasses) used in the 

production process.  The supplement was top-

dressed individually to each cow during the morning 

feeding, when cows were locked in head stanchion 

lock-ups for a period of 30 to 45 minutes.  If the cow 

did not consume the supplement, it was removed 

after 15 min.  The treatment period started four 

weeks before the expected calving date (at least two 

weeks before calving date) and ended four weeks 

after calving. 

During the last four weeks before expected 

calving, cows were housed in a group of 40 to 50 

cows in a straw-bedded free stall barn.  Cows were 

fed once in the morning (7:30) a typical dry-cow 

total mixed ration (TMR), which was formulated 

according to NRC guidelines (NRC, 2001).  After 

calving, cows were moved to the hospital pen that 

housed 30 to 40 cows.  The hospital pen was used 

for fresh cows (first two days postpartum) and cows 

that needed major medical treatment including 

antibiotic treatment requiring the milk to be 

discarded, oral or intravenous treatment with glucose 

precursors, or both.  Cows from the hospital pen 

were fed once in the morning (7:00) a typical fresh 

cow TMR, which was formulated according to NRC 

guidelines (NRC, 2001) and were milked twice a 

day.  The other cows in the first month of lactation 

were grouped in an early lactation pen that housed 

90 to 110 cows.  Cows from the early lactation pen 

were fed once in the morning (9:00) the same TMR 

as the cows in the hospital pen and were milked six 

times a day.After the first month of lactation, cows 

were grouped based on body size in three mid-

lactation pens that housed 90 to 110 cows each.  

Cows in the mid-lactation pens were fed twice a day 

(10:00 and 13:30) the same TMR as the cows in the 

early lactation pen. 

At 8 weeks postpartum, cows were started 

on a presynchronization program, consisting of two 

injections of 25 mg of PGF2α [LUTALYSE 
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(Dinoprost Tromethamine) injection; 25 mg 

LUTALYSE® STERILE SOLUTION, Pfizer 

Animal Health; New York, NY] 2 weeks apart.  

When estrus was observed, cows were artificially 

inseminated in the following 12 hours.  Cows not 

detected in estrus within 2 wks were started on an 

Ovsynch, timed AI program, consisting of an 

injection of 2 mL of GnRH (gonadorelin diacetate 

tetrahydrate; 100 μg Cystorelin
®
; Merial LLC, 

Duluth, GA), followed 1 wk later by another 5 mL 

of PGF2α injection, followed 3 days later by a 

second dose of 2 mL of GnRH, and a timed breeding 

24 hours later.  Pregnancy checks were performed 6, 

17, and 29 week post-insemination.  All cows were 

bred when in heat unless they were sold within the 

next 5 weeks.  In week 34 postpartum, cows were 

moved in a pen with two bulls to impregnate open 

cows.  Number of services per conception and days 

opens were recorded until 305 days after calving or 

until the cow left the farm, whichever came first. 

Three evaluators independently determined 

body condition scores (BCS) on a five point scale 

from 1 = emaciated to 5 = very obese (Edmonson et 

al., 1989) weekly during the feeding trial and at 7 

and 14 weeks postpartum.  In addition, 5 to 8-mL 

blood samples were taken at days 28, 35, 42, and 59 

postpartum and analyzed for serum concentrations of 

cholesterol (Stanbio LiquiColor
®
 Cholesterol 

Procedure No. 1010; Stanbio Laboratory; Boerne, 

TX), vitamin E (high-performance liquid 

chromatography with electrochemical detection; 

Podda et al., 1996), and progesterone (Immulite
®
  

Progesterone RIA kit from Siemens Healthcare 

Diagnostics, Deerfield, IL). 

Serum and BCS data were analyzed as 

repeated measures randomized block design using 

the PROC MIXED procedure of SAS (SAS Institute, 

2009).  The statistical model included as fixed 

effects: SCFP supplementation (0, 56, or 112 grams 

per dayof XP), sampling time (day 28, 35, 42, and 

49 postpartum for serum data and week -4, -1, 1, 2, 

3, 4, 7, and 14 postpartum), season (spring, 

summer), parity (2, 3, 4 or greater), and the 

interaction between XP supplementation and 

sampling time.  The variance-covariance structure of 

repeated measures within cow was modeled using an 

unstructured variance-covariance matrix.  The two a-

priori comparisons were effect of XP 

supplementation (both XP dosages combined versus 

control) and XP dosage (112 versus 56 g/d) using 

the ESTIMATE statement.  Data with binary 

outcome such as conception rates were analyzed 

using Fisher’s Exact test or the GENMOD procedure 

using the binary distribution and the logistic link 

function.  Number of inseminations per cow was 

analyzed using the GENMOD procedure using the 

negative binomial distribution and a log link 

function.  Days open and number of inseminations 

were examined using the LIFETEST procedure.  

Values presented in the figures and tables are least-

squares means (LSM) and their standard errors 

(SEM).  All statistical tests were two-sided.  

Statistical significance was declared at P≤ 0.05 and a 

tendency at 0.05 <P ≤ 0.10. 

 

Results 
 

Feeding SCFP during the transition period 

prevented a decrease in serum progesterone 

concentrations during peak lactation (Figure 1A).  

Whereas progesterone concentrations decreased in 

control cows (-0.71 ± 0.31 ng/mL; P = 0.02), 

progesterone concentrations remained similar in XP-

fed cows (0.00 ± 0.22 ng/mL; P = 0.99) (PInteraction= 

0.06; Figure 1A).  As a result, cows that were fed 

XP had significantly higher progesterone 

concentrations at day 42 and 49 postpartum 

compared with control cows (both P = 0.05).  

Progesterone is a generally accepted indicator of 

ovarian activity.  Higher concentrations of 

progesterone before the start of the ovsynch program 

are associated with increased conception rates 

(Murugavel et al., 2003).  Our results suggest that 

feeding SCFP during the transition period may have 

beneficial effects on ovarian activity at peak 

lactation. 

The question arises why and how feeding 

SCFP improves ovarian activity.  The decrease in 

progesterone concentrations in the control group 

coincided with a decrease in BCS between week 4 

and 7 postpartum (-0.10 ± 0.05; P = 0.05; Figures 

1A, B).  In contrast, BCS remained similar in XP-

fed cows (-0.03 ± 0.03; P = 0.45).  Body weight 

losses 2 weeks before insemination are associated 

with decreased progesterone concentrations and 

decrease the odds to conceive (Folman et al., 1973), 

indicating the importance of preventing BCS losses 

during times of conception.  Similar to our results 

(Figure 1B), Dann et al. (2000) reported that feeding 

60 g/d XP to Jersey cows shortened the time period 

in which cows lost body weight after calving.  Since 

SCFP contain compounds that can serve as nutrient 

sources and growth promoters for rumen microflora 

(Callaway and Martin, 1997), feeding SCFP can 

improve nutrient and energy utilization, absorption, 

or both in XP-fed versus control cows (Robinson 
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and Garrett, 1999; Dann et al., 2000) and thereby 

prevent further BW losses. Thus, feeding SCFP 

during the transition period may be beneficial for 

shortening the body weight loss period after calving 

and thereby improving ovarian activity. 

 

 
Figure 1.  Effect of feeding multiparous dairy cows 
Saccharomyces cerevisiae fermentation product (XP) 
during the last four weeks before and the first four weeks 
after calving on A) serum progesterone concentrations 
and B) body condition scores (LSM ± SEM).  Whereas 
serum progesterone concentrations (P = 0.02) and body 
condition scores (P = 0.04) decreased in control cows 
between 28 and 49 days postpartum, no changes were 
observed in XP-fed cows.  As a result, serum 
progesterone concentrations were higher in XP-fed versus 
control cows (both P = 0.05). 

 

The next question was how improved 

nutrient and energy utilization and absorption in XP-

cows was connected to higher progesterone 

concentrations.  Progesterone and other steroid 

hormones are synthesized in steroidogenic tissues 

from cholesterol.  Serum cholesterol concentrations 

are decreased around calving and increase in early 

lactation, as shown in Figure 2A.  The cholesterol 

increase between day 28 and 49 postpartum tended 

to be greater in XP-fed cows (+36.2 ± 5.4 mg/dL; P 

< 0.0001) compared with control cows (+21.8 ± 7.5 

mg/dL; P = 0.004) (PInteraction= 0.12; Figure 2A).  

Cholesterol is synthesized in the liver from acetyl 

CoA and transported through the blood stream in the 

High Density Lipoprotein fraction in cattle (Herdt 

and Smith, 1996).  Blood cholesterol concentrations 

are, except around calving, relatively stable (Herdt 

and Smith, 1996) and an indicator of lipoprotein and 

lipid transport as well as liver function, both of 

which important for the synthesis of steroid 

hormones and ovarian activity.  Thus, XP-feeding 

during the transition period may be beneficial for 

synthesis of steroid hormones and ovarian activity 

by improving lipid absorption, utilization, transport, 

or a combination of them. 

Similar to serum concentrations of 

cholesterol, concentrations of α-tocopherol are 

decreased around calving and increase in early 

lactation (Weiss et al., 2009), as shown in Figure 

2B.  The α-tocopherol increase between day 28 and 

49 postpartum was greater in XP-fed cows (+5.0 ± 

0.6µM/L; P < 0.0001) compared with control cows 

(+2.4 ± 0.9µM/L; P = 0.007) (PInteraction= 0.02; 

Figure 2B).  As a result, cows that were fed XP 

tended to have or had higher α-tocopherol 

concentrations at d 42 (P = 0.07) and 49 (P = 0.02) 

postpartum compared with control cows (Figure 

2B).  Given the fact, that α-tocopherol is transported 

in the lipoprotein fraction (Herdt and Smith, 1996), 

the parallel increase in cholesterol and α-tocopherol 

was expected.  The greater increase in α-tocopherol 

in XP-cows may be important for reproductive 

performance because α-tocopherol is the primary 

antioxidant of lipids in cattle protecting lipids from 

oxidation.  High concentrations of oxidized lipids 

result in tissue damage and early embryonic death 

(Hansen, 2007).  Thus, XP-feeding during the 

transition period may be beneficial for cows to 

prevent lipid oxidation and early embryonic death. 

Next, we examined whether XP-feeding 

during the transition period affected markers of 

reproductive performance.  The number of cows that 

had started ovarian activity increased between day 

28 and 49 postpartum from 32 to 56% (P < 0.0001), 

although to a smaller extent than we had anticipated 

(Table 1). Feeding XP did not significantly affect 

resumption of ovarian activity (Table 1); however a 

significant number of control cows became anestrus 

at days 42 and 49 postpartum.  The conception rate 

was with 88% very high for multiparous cows 

(Table 1).  No treatment differences in conception 

rates were observed, as most cows conceived 

between d 100 and d 200 postpartum (Table 1). 

Similarly, services per cow (mean ± SEM: 2.95 ± 

0.16 and 2.81 ± 0.16 for pregnant and all cows) and 

days open (mean ± SEM: 141 ± 5 and 149 ± 6 d for 

pregnant and all cows, respectively) were not 

significantly affected by XP-feeding during the 

transition period (Table 1).  There are several 

explanations why we did not observe reproductive 
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performance benefits with XP-feeding: A) all cows 

were on a presynch-ovsynch program.  B) The 

number of animals was too small to detect a 

significant difference in reproductive performance, 

which is more variable than serum concentrations of 

progesterone, cholesterol, or α-tocopherol.  C) We 

did not extend the XP-feeding period beyond the 

first 4 weeks postpartum.  Previous studies have 

shown that XP-feeding has some beneficial carry-

over effect on milk production and feed efficiency in 

the subsequent 30 days (Sanchez et al., 2010), a time 

period when we saw the higher serum progesterone 

and α-tocopherol in this study (day 42 and 49 

postpartum).  Future studies are warranted to 

examine whether extending the XP-feeding period 

has beneficial effects on reproductive performance. 

 

 
Figure 2.  Effect of feeding dairy cows Saccharomyces 
cerevisiae fermentation product (XP) during the last four 
weeks before and the first four weeks after calving on A) 
serum cholesterol and B) α-tocopherol concentrations 
(LSM ± SEM).  Serum cholesterol and α-tocopherol 
concentrations increased in all groups between 28 and 49 
days postpartum; however, the increases were or tended 
to be greater in XP-fed versus control cows (α-
tocopherol:P = 0.02; cholesterol: P = 0.12), resulting in 
higher serum vitamin E concentrations at days 42 (P = 
0.07) and 49 postpartum (P = 0.02) in XP-fed versus 
control cows. 

 
 
 

Conclusions 
 

Our results suggest that feeding SCFP 

during the transition period may have beneficial 

effects on ovarian activity by improving lipid 

utilization, absorption, transport, protection, or a 

combination of them.  SCFP supplementation or 

higher SCFP dosages did not provide additional 

benefits on reproductive performance in this study.  

Larger studies with an extended SCFP-feeding 

period are warranted to examine the effect of SCFP 

feeding on reproductive performance. 
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Yeast Culture Fermentation Product May Improve Ovarian Activity in Dairy Cows                         
 
Table 1.  Effect of feeding various dosages of Saccharomyces cerevisiae fermentation product (0, 56, or 112 g/d XP) to 
transition dairy cows on reproductive performance.  Feeding Saccharomyces cerevisiae fermentation product did not 
significantly reproductive performance. 
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Synopsis 
 

Using weekly pasture dry matter 

measurements to monitor growth and utilization in 

dairy pastures. 

 

Summary 
 

Managing pastures on grazing dairies is a 

continuous challenge because pasture quality, 

quantity and growth rate are changing daily.  Using 

weekly pasture cover measurements have been 

demonstrated in New Zealand and Ireland to provide 

useful information to manage pastures allowing 

managers to estimate daily growth rates, feed 

inventories and feed budgeting. The objectives of 

this study were to document weekly pasture growth, 

forage quality and utilization and to understand how 

to use this information to make management 

decisions on US dairies.  Two dairies were studied 

for a year. Pastures were measured and mapped and 

total standing dry matter was estimated weekly in all 

65 pastures using a calibrated rising plate meter. 

Measurements started with the grazing season in the 

spring in March and continued until the end of 

November. Weekly grazing wedges were developed 

and printed for each farm and were used to make 

grazing decisions that week. Paddocks grazed and 

residual pasture covers were recorded daily and 

forage cover measurements were measured weekly 

and entered into management software.  Paddock 

grazing and residual heights were also included in  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the electronic recordkeeping. Dry matter yields 

ranged from 11,277 to 19,638 + 2582 lbs. /acre.  

Daily growth rates ranged from 5 to 121 lbs.  per 

acre a day throughout the season and averaged 74 

for Farm1 and 48 for Farm 2.  Weekly pasture 

quality samples were taken and analyzed with 

season long energy values averaging 654 calories/lb. 

for Farm 1 and 687 calories/lb. for Farm 2.  

Monitoring weekly growth and cover provides 

valuable information for the grazing dairy. Pasture 

quality and productivity in Oregon is comparable to 

some of the most productive pastures reported from 

around the world. 

 
Introduction 

 

 High relative feed prices for dairy 

production have increased interest in New Zealand 

style pasture production in the United States as a 

way to remain profitable. There are many areas 

throughout the country that are able to grow high 

quality grass including Western Oregon.  New 

Zealand has established itself as a world leader in 

producing milk from pasture.  Comparisons between 

the New Zealand dairy model and conventional 

farming in Pennsylvania (Parker, 1992) have been 

made but no comparisons between New Zealand and 

the Pacific Northwest.  It was found that farms in the 

Northeast US could gain $121 per cow profit by 

using a grazing system compared to a confinement 

feeding system (Parker, 1992).  During the last 

twenty years, New Zealand has made an effort to 
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improve its low-cost system through pasture, 

livestock, and grazing management. Monitoring 

individual paddock pasture cover is one of the key 

factors for achieving profitable farm management in 

the New Zealand dairy system.  Informative data on 

farm pasture cover increases feed utilization by 

optimizing rotation lengths, improving forage 

conservation, and timing of fertilizer applications 

and forage supplementation (Dalley, 2009).  Even 

with these highlighted benefits, only 25% of New 

Zealand dairy managers use a formal feed budgeting 

system.  Observations need to be made on whether 

implementing pasture measurement techniques, 

developed in New Zealand, in Western Oregon will 

result in some of these stated benefits for dairy 

managers using forage grazing systems.  The 

objective of this study was to measure pasture 

weekly for the entire grazing season and report on its 

effectiveness and whether the information generated 

was beneficial to dairy managers. 

 

Materials and Methods 
 

This study was conducted on two dairy 

farms in Tillamook County, Oregon.  Farm 1 is an 

organic dairy that milks 220 cows and has 22 

grazing paddocks and a total of 165 acres.   Farm 2 

is a conventional grazing dairy that has 42 paddocks 

with and a total of 180 acres.  Farm 2 managed their 

herd in two mobs (groups) and milked an average of 

280 cows throughout the grazing season.  Herds 

consist of Jersey X Friesian crossbred animals for 

both farms that have been selected for various traits 

including performance on pasture.  Animals were 

housed in free-stall barns when environmental 

conditions were poor.  The pastures on both farms 

are a mixture of perennial ryegrass and white clover 

varieties that have been selected for use based on 

their performance under grazing systems.  Farms 1 

and 2 used irrigation when needed throughout the 

study.  Farms also had periods of crop rotation and 

pasture renewal throughout the year which was 

documented.  Soil types on both farms were 

favorable for pasture production as they were 

predominantly well drained silt loams, however, 

some drainage problems did exist on farm 2.    

Pasture cover was measured throughout the grazing 

season by weekly estimating standing forage cover 

in every paddock using a rising plate meter (Jenquip, 

Feilding, New Zealand) and tabulating that data  

using Pasture Coach software (Farm Software 

Solutions Ltd, Darfield, New Zealand). The route 

through the fields was the same every week in 

addition to the amount of samples taken in order to 

reduce error.  Calibrations for the rising plate meter 

were performed three times to account for seasonal 

variability.  Calibration was done by measuring a 

known pasture area, cutting forage within the area 

using hand shears, drying the sample at 122 degrees 

F for 24 hours, and weighing the dried result.  Field 

measurements with the rising plate meter were taken 

as a composite of 30-50 individual samples as 

suggested by the equipment manual and the 

literature (Gourley and McGowan, 1991).  Paddock 

samples varied by field size and established 

sampling route.  Weekly farm walks were recorded 

in a field notebook for each paddock and then 

entered into electronic recordkeeping software 

(Pasture Coach).  Dairy farm managers also kept 

track of when fields were grazed, the paddock 

grazing residual, and when/how much supplemental 

feeding took place.   

Grazing feed wedges were generated on the 

farm after each farm walk with a laptop computer 

and printer.  Feed wedges were printed weekly after 

calculating paddock covers and entering the pasture 

dry matter into grazing management software.  

These grazing wedges showed graphically all the 

pastures on the farm and the total standing dry 

matter that week.  They also showed growth rate for 

the week expressed in pounds of dry matter per acre.     
 

Chemical Analysis: 
 

Bulk tank weights were recorded and 

monthly milk shipped was totaled for the each herd. 

Every tank shipped was analyzed for somatic cell 

count, fat content, protein content and lactose 

content using mid-infrared spectrophotometry 

(TCCA lab, Tillamook, OR. Organic Valley 

Cooperative).  Forage mass in each paddock was 

measured and analyzed using Pasture Coach 

software (Darfield, New Zealand).  Weekly Pasture 

samples were collected at random and analyzed for 

desired characteristics with Near Infrared 

Reflectance spectroscopy (NIR) and Wet Chemistry 

(Dairy One Forage Lab, Ithaca, New York). The 

amount and cost of feed that was purchased to 

supplement grazing was recorded to calculate the 

economics of the pasture systems. 

 

Results 
 

Feed wedges were used to monitor when 

pastures were getting ahead of the herd utilization to 

make stocking change decisions and timing of feed 

conservation.  The red diagonal line is termed ‘the 
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grazing window’ and represents a trend line that 

grazing managers use to compare to their current 

inventories.   Figure 1 and Figure 2 are examples of 

the grazing wedge that was produced weekly for 

each farm.  In this example, these wedges were 

reported only a week apart.  Typically we “ideally” 

graze pastures down to a residual of 1500 lbs. 

DM/acre and theoretically harvest or graze around 

3000 lbs. DM/acre.  This grazing window is an 

arbitrary line that can be manipulated to incorporate 

different residual and grazing targets.  Keeping 

pasture cover at or below the desired grazing 

window allows managers to maintain pasture quality 

throughout the grazing season.   

 

 
Figure 1. Farm 1 grazing wedge from 3/27/12. Field dry 
matter cover amounts are represented by vertical bars and 
grazing window is represented by black, horizontal line. All 
of the bars fall well under the red diagonal line so the farm 
cover is less than ideal.  
 

 
Figure 2. Farm 1 grazing wedge from 4/3/12. Here we can 
see pasture dry matter cover is starting to rise above the 
grazing window for some fields.  This situation is typical of 
rapidly growing spring pastures. 
 

Figure 3 below illustrates what happened 

when spring pastures were rapidly growing and got 

too mature. This dairy was late in timing feed 

conservation because they had to wait on a contract 

team to cut and bale their silage and resulted in the 

wedge seen in Figure 3.  However, this wedge gives 

the operator the confidence to harvest the surplus 

aggressively because they can see the inventories 

and we know the current growth rate.  This is really 

the data that helps make good decisions in these 

grazing systems. 

 
Figure 3. Farm 1 grazing wedge from 4/24/13.  Many 
pastures are now above the grazing window line and 
pasture quality is decreasing. 
 

Results from using the feed wedge for daily 

management decisions were positive.  Managers on 

both farms found it to be a valuable tool and want to 

continue to use them in the future to aid in 

management decisions.  Feed wedges provided a 

good way to evaluate overall pasture performance at 

the paddock level and allowed for paddock to 

paddock comparisons.  Feed wedge reports showed 

the managers graphically that paddock cover was 

getting out of hand during points throughout the 

year.  Managers on both farms stated they would like 

to continue to use the feed wedges to improve their 

pasture management practices.  

Annual growth data was collected during 

farm walks and reported using the Pasture Coach 

software.  There was variation in growth when 

comparing paddocks with some performing better 

than others.  Paddock comparisons can be made 

from this data to influence management decisions.  

From this data we were also able to generate annual 

production curves for both farms.  Annual 

production by month had the same trend as annual 

growth rate by paddock which is shown in Figure 4.   

Both farms had a charateristics dip in growth rates 

during a period when we would have expected the 

highest growth rates of the year potentially.  We 

have hypothosized this depression is really a result 
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of the maturity of the whole farm getting further 

along and causing the growth rates to slow. 
Daily dry matter growth took a substantial 

drop in the summer after the rapid spring growth 

phase.  After this summer depression, growth on 

both farms rose again in the fall before their eventual 

decline leading into winter.  Growth rate overall was 

higher on Farm 2 likely as a result of superior 

fertility as Farm 1 was not able to utilize commercial 

fertilizer.  The drop in summer growth was greater 

on Farm 2, falling to the same growth per day as 

Farm 1 but the fall growth on Farm 2 increased 

significantly compared to Farm 1 (Figure 4). 
 

 
 

Figure 4.  Daily grass growth for Farm 1 and Farm 2 
throughout the growing season expressed as Lbs. 
DM/Acre/day. 
 

Forage samples were taken every week 

representing the approximate quality of grass being 

grazed.  Pasture analysis data averaged over the 

study is shown below for Farm 1 in Table 1 and 

Farm 2 in Table 2.  Farms were evaluated for their 

performance based on milk volume and milk solids 

produced per acre of pasture.  Supplemental feed 

was totaled daily and from that an estimate of the 

amount of milk and milk solids from pasture were 

made (Table 4).   Farm 1 showed a high return of 

pasture harvested to milk solids produced at 915 lbs. 

per acre and 719 lbs. per cow from pasture and Farm 

2 showed a lower level milk solids (MS) from 

pasture because most of their feed energy came from 

grain and alfalfa hay.   Farm 2 had 541 lbs. of milk 

solids per acre and 314 per cow.  In New Zealand, 

milk solids per acre and per cow are common 

statistics on grazing dairies and are included as a 

reference in this report in Table 4.  For the grazing 

season in 2012, milk solids in the organic herd were 

valued over $4.00 per pound so we conclude this 

dairy produced ($4  x 915 lbs.) over $3660 of milk 

solids per acre for the whole farm from grazed grass.  

Farm 2 milk solids were valued on average at $3.20 

per pound so this dairy sold approximately $1731 

worth of milk solids per acre from grass in 2012. 

 

Conclusions 
 

The main objective of this study was to help 

the cooperating dairymen design a system to 

successfully document pasture growth, feed quality, 

utilization, milk production and work with them to 

gather this data.  At the completion of this project 

we are now able to calculate the value and quantity 

of pasture grown, the return to management, and the 

pounds of milk solids produced per acre.  We hoped 

this project would provide real farm data that we 

could use to talk about the economics of pasture-

based dairy production in Western Oregon and be 

able to share our results with farmers throughout the 

region and the country. 

  Cooperating farmers were able to utilize 

weekly feed wedge reports and found them very 

useful.  Feed wedges provided an aid for daily 

management decisions including which paddock to 

graze and when to conserve feed.  Annual growth 

data collected during the study showed that pasture 

production on both farms was highly variable due to 

seasonality and both farms experienced a period in 

the spring with rapid pasture growth followed by a 

growth depression in summer.  Pasture energy 

values were comparable throughout the season to the 

Lincoln University Dairy Farm in NZ, a farm which 

has established itself as an operation with excellent 

pasture quality.   

Throughout the course of the study pasture 

cover was found to be highly variable on both farms 

during seasonal changes during the year.  This can 

be seen by the numerical values in cover change 

with lbs. DM/acre/day being 75 at the beginning of 

April on Farm 1 and 29 lbs. DM/acre/day at the 

beginning of October.  Further variation can be seen 

on a field to field basis with individual paddocks 

ranging from 11,000 to 19,000 lbs. per acre for the 

year.  As researchers, we admit this season long 

approach to measuring pasture productivity is an 

estimate at best and the values are certainly not 

exact.  Even as we continued to try and calibrate the 

rising plate meter is difficult to pick a formula that 

was perfect at the low end (around 1500 lbs. per 

acre) and at the high end (around 3000 lbs. per acre).  

These two cases show the need for continual pasture 

measurement and management to keep up pasture 

quality and facilitate maximum growth in order to 

reduce dependency on purchased sources of feed. 

Parker (1992) also found that it was important to 
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look at the entire farm system and that doing so can 

result in an economic advantage if grazing is 

managed properly. 

Dairy managers found the weekly farm walk 

report the most interesting and helpful tool during 

the study.  It provided the farmers with a graphical 

representation of the pasture cover in each paddock 

in a way that every employee on the farm could 

understand.  Being able to comparatively rank 

pastures against one another provided an aid for 

making daily paddock grazing decisions. In addition, 

both dairy managers saw how through utilizing feed 

wedges they could plan on when to cut silage and in 

which fields to do so and they had actual average 

growth rates for the grazing platform weekly. In 

hind sight, both dairies realized they had all the 

information needed to more aggressively harvest 

forage and silage. Neither operation was able to cut 

silage when desired and pasture quality suffered.   

Results from the forage analysis and milk 

solids produced per acre were very encouraging to 

the farmers and researchers.  Specifically, forage 

quality throughout the season was high with low 

NDF present in forage samples and high NDFD. 

These energy values reported in this project are as a 

high or higher than values reported from around the 

world leading us to believe that pastures in Western 

Oregon are as productive as the best grazing centers 

in the world for milk cows.  

Additionally, analysis of milk solids returned from 

pasture was done showed Farm 1 produced milk 

solids from pasture at a level consistent with the top 

25% of herds in New Zealand. 
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Table 1.  Average weekly forage analysis of pasture samples (36 weeks) starting March through November on Farm 1. 
 

DM Protein Deg P NDF NDFD RFV WSC NEL ME 
15.4 23.2 71.8 48.5 77 131 19.8 .65 1.16 

Cal/lb. Ca P K Na Fe Zn Cu Mn 
654 .4 .4 .2 3.5 .1 195 30 7.4 

 
Table 2.  Average weekly forage analysis of pasture samples (36 weeks) starting March through November on Farm 2. 
 

DM Protein Deg P NDF NDFD RFV WSC NEL ME 

15.4 23.2 71.8 48.5 77 131 19.8 .65 1.16 
Cal/lb. Ca P K Na Fe Zn Cu Mn 

654 .4 .4 .2 3.5 .1 195 30 7.4 
 
Table 3. Estimated annual DM yield per acre and 
estimated average daily DM growth rates for Farm 1 and 
Farm 2. 

 
Estimated 

Yield (Lb./acre) 

Daily Growth 
Rate 

(Lb./acre) 

Farm 1    (22) 11,312-17,513 47 

Farm 2    (43) 11,277-19,638 74 

 

 
Table 4. Milk solids produced per acre and per cow from 
grazing pasture throughout the 9 month grazing season. 

 

Lb./milk 
solids/acre 

from 
pasture 

Lb./milk 
solids/cow 

from 
pasture 

% DM from 
pasture 

Farm 1 915 719 85% 

Farm 2 541 314 34% 
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Elevated Serum Concentrations of Oxidized Lipid Metabolites Predict Disease 
Incidence and Severity in Peripartal Dairy Cows 
 

Contact Person: Gerd Bobe – Oregon State University 

Address: 112 Withycombe Hall - Corvallis, OR 97331 

Phone Number: (541) 737-1898 

Email: gerd.bobe@oregonstate.edu 
 

Project Objectives: The objective of this proposal is to evaluate the link between prepartal serum concentrations 

of oxidized lipid metabolites and vitamin E and disease incidence and severity in early lactation.   
 

Project Start Date: October 2012 

Project Completion Date: October 2014 
  

Project Status: The animal study has been completed.  Multiparous Holstein cows (n = 160) were monitored 

daily from 4 weeks before expected calving date (at least 14 days before calving) to 6 weeks after calving.  The 

animals were maintained at a commercial dairy and the study was approved by the Oregon State University 

Animal Care and Use Committee.  Blood samples were taken 21, 14, 7, -3, -1 days before the anticipated calving 

date, at calving, and at 1, 3, 7, 14, 21, 28, 35, 42, and 49 days after calving.  Incidence of clinical and subclinical 

disease were recorded until 49 days after calving or until the cow left the farm, whichever came first.  We finished 

vitamin E analysis and will start to quantify oxidized lipid metabolites.  As soon as all serum samples are 

analyzed and statistically summarized, the results will be published in the next edition of the Oregon Beef Council 

Report, and presented at extension and scientific meetings.  The results will be published into extension materials 

and scientific literature. 

  
 

Comparison of Ivomec Plus® and a Generic Anthelmintic on Parasite Control and 
Performance of Beef Cattle 

 

Contact Person: Reinaldo Cooke and David Bohnert – EOARC Burns             

Address: 67826A Hwy 205; Burns, OR 97720 
Phone Number: (541) 573-4083 

Email:  reinaldo.cooke@oregonstate.edu and dave.bohnert@oregonstate.edu 
 

Project Objectives: Compare performance, production efficiency, and health responses of beef cattle exposed to 

parasitic infections and treated with Ivomec
® 

Plus or Noromectin
®
 Plus. At the completion of this research, we 

expect to determine if beef producers can effectively use the less expensive generic product as an anthelmintic 

treatment and expect the same cattle health and performance responses compared with the traditional brand. This 

proposal is significant to the Oregon beef industry by generating information that can reduce production costs in 

BEEF117 

Progress Reports – Animal Sciences 
1 

Page 34

mailto:reinaldo.cooke@oregonstate.edu
mailto:dave.bohnert@oregonstate.edu


Oregon Beef Council Report - Animal Sciences Progress Reports                   
 
beef operations, further encourage producers to adopt strategies to control cattle parasites, and ultimately decrease 

the incidence of parasitic infestations in Oregon beef herds. 
 

Project Start Date: September 1, 2013 

Expected Project Completion Date: December 1, 2014 
 

Project Status: We expected to complete this experiment in 2013. However, when the EOARC calf herd was 

weaned (n = 300 calves), only 4 steers tested positive for internal parasites. Therefore, we did not have enough cattle 

to complete the research. The alternative is to artificially infect cattle with parasite larvae and then test the products 

of interest. This is will be completed at the EOARC Burns in 2014. 

 

 
Modifying the Hormone Strategy for Superovulating Donor Cows to Reduce Drug 
Costs Without Decreasing the Number of High Quality Transferrable Embryos 
Recovered  
 

Contact Person: Alfred R. Menino, Jr. 

Address: Department of Animal and Rangeland Sciences, Oregon State University, Corvallis, OR 97331-6702 

Phone Number: (541) 737-3011 

Email: alfred.r.menino@oregonstate.edu 

Project Objectives: Embryo transfer is an applied reproductive technology used to improve herd genetics and 

female reproductive efficiency and propagate offspring from elite sire-dam matings. Although commonly referred to 

as “embryo transfer”, the “transfer” is only the latter half of an overall procedure where embryos are transferred to 

timed recipients. The equally, if not more, critical part of an “embryo transfer” is the first half or the embryo 

collection where, in cattle, embryos are collected nonsurgically from superovulated donors. Because cows usually 

ovulate only a single ovum every estrous cycle, donor cows are commonly treated with a 4-day regimen of the 

pituitary gonadotropic hormone, follicle-stimulating hormone (FSH, e.g., Folltropin V) to induce growth and 

ovulation of multiple ovarian follicles (referred to as superovulation) during an estrous synchronization protocol. 

The embryo collection part of the embryo transfer is clearly the more expensive part. The expense is not only 

because of the skill and training required to perform a nonsurgical embryo collection on the part of the practitioner, 

but also the drug costs, in particular, the FSH. Compared to drugs commonly used in bovine reproduction, such as 

Lutalyse or Estrumate (prostaglandin F2; PGF2) and Cystorelin or Fertagyl (gonadotropin-releasing hormone; 

GnRH) where doses range in cost from $3-4, the cost to superovulate a single donor with FSH is between $125-145. 

The question remains within the standard dosing of FSH is just how much FSH is required to induce an acceptable 

superovulatory response where a significant number of high quality transferrable embryos are recovered. Often 

practitioners will administer a GnRH-type drug when the donor first exhibits estrus. The notion behind this injection 

is to increase the endogenous or naturally occurring ovulation-inducing luteinizing hormone (LH) surge to cause 

ovulation of additional follicles thereby increasing the total number of embryos produced and collected within a 

round of superovulation. The common dose of GnRH used in donor superovulation protocols is a 100-g dose 

equivalent to the naturally occurring molecule. What we are proposing in the current research is to adjust the 

hormone doses used in a superovulatory protocol to where drug costs can be reduced while still retaining recovery of 

a satisfactory number of high quality transferrable embryos. We simply propose to reduce the FSH dose by half and 

double the GnRH dose. 
 

Project Start Date: June 1, 2013  

Expected Project Completion Date: August 31, 2015 
 

Project Status: This project proposes to use forty crossbred beef cows from the Oregon State University Beef 

Cattle Ranch. Cows will be assigned randomly to one of four treatments (10 cows per treatment). Treatments will 

consist of: 1) 400 mg Folltropin V and 100 g Fertagyl, 2) 400 mg Folltropin V and 200 g Fertagyl, 3) 200 mg 

Folltropin V and 100 g Fertagyl, or 4) 200 mg Folltropin V and 200 g Fertagyl. All cows will be estrous 

synchronized and superovulated as described in the proposal. Estrus detection will commence 24 hours after the 

second injection of Lutalyse and cows will be artificially inseminated with one straw of frozen bull semen from 

the same sire at 0, 12 and 24 h after onset of estrus. Semen from a single sire will be used to eliminate any sire 

effects on fertilization and embryo quality. At onset of estrus, cows will be injected with 100 or 200 g of 
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Fertagyl depending on treatment assignment. Embryos will be collected from cows six days after estrus onset by 

non-surgically flushing the uterus. Embryos will be recovered from the flushes and scored for developmental 

stage and quality.  

Preliminary data from the first group of cows (n=8) entered into the research project is reported in Table 1. Although 

numbers are limited at this time, there is a trend for improved total ova and transferrable embryos recovered as well 

as a greater percentage of transferrable embryos recovered with the lowered dose of FSH in combination with the 

standard (low) dose of GnRH (data in bold). If this trend continues throughout the completion of the study then 

cattle producers who use embryo transfer may be able to save as much as $70 per embryo collection in drug costs 

alone by simply reducing the amount of Folltropin V used on a single donor cow. But, the major income factor 

resides in the greater number and percentage of transferrable embryos recovered from each donor. Considering the 

value of embryos, if 2-3 more transferrable embryos are recovered with the reduced FSH dosing from each 

collection then the amount of income generated from the sale of these additional embryos would be very significant. 

However, the short-term expense reduction and income improvement are not the only benefits of the reduced FSH 

dosing. The lower dose of FSH administered to donors should afford a greater opportunity for successive rounds of 

superovulation. Superovulatory responses to FSH decline with each round of hormone treatment so embryo recovery 

decreases. By using the reduced FSH dose, the decline in superovulatory response should not be as great, hence the 

longevity of a cow to serve as a donor should be extended. 

Table 1. Average total ova and transferrable embryos and percent transferrable embryos/ova recovered from donor cows 
superovulated with modified doses of FSH and GnRH. 
 

 
[FSH] 

 
[GnRH] 

 
Number of 

cows 

 
Total 
ova 

Total 
transferrable 

embryos 

Total 
transferrable/total 

ova (%) 
200 100 2 8.5 7.5 91 

200 200 2 5.5 2.5 52 
400 100 2 7 4.5 62 
400 200 2 6.5 2 39 

 

 We currently have an additional 16 cows dedicated to this project and scheduled for embryo collections 

from now until spring 2014. We anticipate receiving the remaining 16 cows to complete our overall total of 40 cows 

for the project in September 2014. Collections from those cows will be scheduled for fall 2014 and winter 2015. 

Data analysis and manuscript preparation will be conducted during spring and summer 2015. 

 

 

Impacts of cow nutritional management during gestation on future performance 
of the offspring 

 

Contact Person: Reinaldo Cooke and David Bohnert – EOARC Burns             

Address: 67826A Hwy 205; Burns, OR 97720 
Phone Number: (541) 573-4083 

Email:  reinaldo.cooke@oregonstate.edu and dave.bohnert@oregonstate.edu 
 

Project Objectives:  

Evaluate the importance of cow nutritional status (BCS 4 or 6) and timing for supplementation (increase BCS from 4 

to 6) during gestation on productive parameters of the in utero offspring. The objectives of this proposal (3 year 

study) are to address these questions and develop nutritional recommendations for gestating beef cows to feasibly 

optimize productivity of the offspring. Within offspring responses, this proposal will evaluate birth to weaning 

performance in all calves, in addition to reproductive development and performance in females selected as 

replacement heifers, or feedyard performance and carcass merit in steers managed as feeder cattle. With the 

proposed study, we expect to increase the knowledge regarding the effects of maternal nutrition on progeny 

productivity, and establish fundamental (but still inexistent) nutritional guidelines for gestating cows to exploit 

maternal and offspring performance 
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Project Start Date: September 1, 2013 

Expected Project Completion Date: July 1, 2016 
 

Project Status: This will be a 3-year study (cows pregnant to AI on 2013, 2014, and 2015) to ensure that we have 

an adequate number of animals enrolled (300 pregnant cows total, being 100 cows per year). To date, we have 

applied nutritional treatments to the cows inseminated in 2013, which are expected to calve in the spring 2014. 
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Synopsis 
 

Wolf presence is implicated with reduced 

daily travel of free-roaming cattle. 

 

Summary 
 

Cattle movement on summer/fall grazing 

allotments in Oregon and Idaho were monitored with 

GPS collars logging at 5-minute intervals between 

2008 and 2012.  Cow daily travel distance on three 

allotments in Idaho where wolves were common was 

compared to travel on paired allotments in Oregon 

with no or low wolf presence.    Our analysis of 

distance traveled indicated that the main effects of 

year, month, and wolf presence (state) were all 

significant (P < 0.05) variables and that all 

interaction effects (year by month, year by wolf 

presence, month by wolf presence, and year by 

month by wolf presence) were not significant.  

Cattle traveled least in 2008 (8.01 mi/day) and most 

in 2012 (9.83 mi/day).  Average June travel was 7.97 

mi/day which was less than July, August, 

September, and October (8.81, 8.93, 8.65, 9.06 

mi/day respectively).  Cattle on sites with no or low 

wolf presence traveled 9.71 mi/day (s.e. = 0.17) 

while those in areas with wolves traveled 7.66 

mi/day (s.e. = 0.17).  This difference was highly 

significant (P < 0.0001) and suggests that the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

presence of wolves reduces overall travel by 

livestock on these grazing allotments.  

 

Introduction 
 

The reintroduction of wolves into the 

northern Rocky Mountains and their subsequent 

dispersal has led to livestock depredation and 

conflict with livestock producers in the region 

(Idaho Department of Fish and Game and Nez Perce 

Tribe. 2013).  Stock growers report both direct 

losses as injured or killed cattle, sheep, horses, and 

dogs, as well as indirect livestock losses from 

increased stress resulting in lower conception rates, 

higher incidence of respiratory and other diseases, 

lower body condition scores, and changes in 

temperament resulting in more difficult trailing and 

handling (Howery and Deliberto 2004, Kluever et al. 

2009, Lima and Dill 1990, Williams 2010).   This 

study was undertaken to determine if the daily travel 

distance of cattle was impacted by recent or current 

wolf presence on grazing allotments utilized during 

the summer/autumn grazing season. 

 

Materials and Methods 
 

The study areas used consist of 6 sites.  Three 

sites occur in Idaho, on the Payette National Forest 

(PNF) lands, in Adams and Washington counties, a 
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region that has established wolf populations as well 

as, documented wolf depredation occurring before 

the study began in 2008.  These Idaho sites were 

paired with 3 sites in Baker, Union, and Wallowa 

counties, Oregon on the Wallowa Whitman National 

Forest (WWNF) where wolves were absent or at 

very low presence levels in 2008.  Site pairs were in 

adjacent counties and had similar topography, 

vegetation composition, wild ungulate prey bases, 

and livestock management strategies.  Oregon sites 

cover 1-08,655 acres while the Idaho sites cover 

approximately 134,395acres.  Idaho sites are at the 

same latitude as Oregon sites.  These six grazing 

allotments vary in elevation from 1680 ft. to 8,200 

ft. and are characterized by rugged mountains and 

uplands that are deeply dissected by canyons. 

Each spring between 2008 and 2012, 10 

mature cows were randomly selected from 

commercial livestock herds grazing each study area 

and fitted with a GPS collar to record the date, time, 

and position at approximately 5-minute intervals.  

These herds have been grazing their respective study 

sites for years and cattle have experience with the 

landscape, environment, and managerial operations 

in place.  Turn out dates of livestock vary between 

study areas from April to June.  Collars were 

removed each fall.  Herd size (approximately 450 

head) varies from site to site and somewhat from 

year to year.  We assume that the activity, 

movement, and resource preference of collared 

animals is representative of other cattle in the herd.  

Because cows can move onto or off the 

allotments in mid-month, the number of positions 

collected during the month varies.  Table 1 provides 

the mean number of GPS positions collected each 

month and the number of collars collecting data.  We 

used only individual GPS positions that were 

preceded by a valid position by 5 to 7.5 minutes to 

obtain estimates of displacement to improve 

accuracy.   Over the course of each day of the 

month, estimates of displacement per 5-minute 

interval were obtained and averaged (mean daily 

travel/month.)  Table 1 shows the mean number of 

cow positions, by month and treatment, used to 

calculate mean daily velocity and travel for each 

month.  Average values were compared between 

treatments.   

The rate of logging was tested and found to 

be uniform throughout the day.  In this portion of 

our larger study, we examine daily cattle travel 

distance on sites with wolves vs. those without 

active wolf packs.  We also compared daily travel 

each year of the study and each month of the grazing 

season (June to October).  For this analysis we 

employed a simple multi-factor analysis of variance, 

using year (5 levels), month (5 levels), and wolf 

presence (2 levels) as factors.  As there are 3 

Oregon-Idaho pairs, this design affords 3 replicates 

of these contrasts and a total of 150 observations 

representing the mean daily velocity/travel distance 

each month.   Because animals may not enter an 

allotment until late June or early July or may be 

removed from an allotment before an adequate 

sample can be obtained in October, we had one June 

observation and two October observations that we 

judged under-represented.  These three periods for 

that treatment, therefore, had missing values.  In 

addition, there was 1 month (June 2012) during 

which cattle on Oregon Site 2 were being harassed 

by humans, resulting in unusually high travel 

velocities/mean distance traveled.  This observation 

was also removed before analysis, leaving a total of 

146 valid observations. 

Accurate assessment of wolf presence 

requires multiple monitoring approaches, all of 

which have strengths and weaknesses; thus, no 

single approach is adequate for the task. We have 

used a combination of GPS tracking collars, scat and 

sign surveys, and camera traps (i.e., trail cameras), 

augmented by radio-tracking, direct observation, and 

depredation data from wildlife agencies to assess 

wolf presence in time and space within our study 

areas.  Wolf presence, based on all these data 

sources, was classified into three presence levels: 

none/low, moderate, and high within a relevant 

sampling period (e.g., grazing season or month with 

a grazing season).   All Oregon sites had none or low 

wolf presence, whereas all Idaho sites had moderate 

or high wolf presence during the study.  Only 

Oregon site one had documented wolf scat (2010).  

This site is near the Keating Valley where 2 wolves 

were present in the summer of 2009.  These wolves 

were killed on 5 September 2009 by USDA Wildlife 

Services after depredation of livestock on private 

land.  The two wolves that were killed were yearling 

animals and never bred.  We suspect that wolves 

occasionally pass through the Oregon site but no 

herds grazing these sites have had confirmed cattle 

depredation.   Cattle depredation was confirmed by 

USDA APHIS Wildlife Services on or adjacent to 

each of the Idaho sites just before or during the 

study.  
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Results 
 

Before we began this study, we expected 

that the presence of wolves would lead to more 

travel by cattle as they were harried or chased across 

the landscape.  We have seen this type of behavior in 

individual cows when we were fortunate enough to 

have both cows and a wolf collared (Johnson et al. 

2012).  However, we have also documented cases 

where cows did not flee but remained at a locale 

during the entire time the wolf was present.  It 

appears that in some cases the “flight or fight 

response“(Cannon 1931) led to a collared cow 

standing her ground, but in other instances “flight” 

occurs.   

In addition to this short-duration “flight or 

fight” phenomena, there are also longer-duration 

behavioral adjustments that the cow herd can make 

in response to predation threat.   These longer-term 

adjustments are the subject of this examination.  Our 

multivariate analysis of variance of mean daily cow 

velocities/daily travel distance indicated that the 

main effects of year, month, and wolf presence were 

all significant variables and that all interaction 

effects (year by month, year by wolf presence, 

month by wolf presence, and year by month by wolf 

presence) were not significant.  Table 2 provides 

mean daily travel by year of the study.   It indicates 

that cattle tended to have greater daily travel in 2012 

than in 2008.  This could be a response to weather 

patterns, forage availability, other environmental 

factors or a combination of factors.  

Mean daily distance traveled by cattle was 

significantly different between months. Animals 

tended to move less in June than they did in other 

months (Table 3).   As with yearly effects, this is 

probably related to a combination of weather and 

forage conditions.  We hypothesize that the 

abundance of high quality forage in June could 

reduce the need for travel as cattle relatively quickly 

met nutrient demands.  Since we did not collect 

information on either forage standing crop or 

quality, we cannot directly evaluate this hypothesis.     

Cattle on sites with no or low wolf presence 

traveled 9.71 mi/day (standard error = 0.17) while 

those in areas with wolves traveled 7.66 mi/day 

(standard error = 0.17).  This difference was highly 

significant (P < 0.0001) and suggests that the 

presence of wolves reduces overall travel by 

livestock on these grazing allotments.  Lower travel 

distances may reduce chance encounters with wolves 

or animals may spend more time vigilant and less 

time moving/foraging.   In either case, our  data 

suggests that cattle average daily velocity was lower 

and individuals traveled less when wolves were or 

had been in the area. 
 

Conclusions 
 

The information collected in this study 

suggests that cattle travel less when grazing in areas 

where there is a perceived threat of predation by 

wolves.  This could result from greater vigilance or 

reluctance to leave sites that are perceived to be safe.  

Kluever et al. (2009) found that wolf scent and 

visual stimuli significantly increased cattle vigilance 

and decreased cattle foraging rates.  Less travel 

could result in lower growth rates or animals staying 

at locations longer than desirable for proper range 

management.  Idaho ranchers report that animals that 

have had encounters with wolves are more difficult 

to move from pasture to pasture, become more 

aggressive towards livestock herding dogs (which 

reduces the effectiveness of herding with dogs), and 

become more aggressive and difficult to handle.  

Our data suggests that cattle may be less exploratory 

when they are subject to predation by wolves and 

that this subject should be investigated further.   

Grouping or social associations of cattle has 

been studied by Harris et al. (2007) and we expect 

that animals under threat of predation would form 

larger groups.  Because we could only collar 

between 2 and 3% of the cattle grazing these 

allotments, this question cannot be adequately 

addressed with the collar data collected thus far. 
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Table 1.  Mean sampling intensity across the 5 years of the study by treatment and site.  Each year 10 GPS collars 
logging at 5-minute intervals were placed on randomly selected animals in each of the 6 study areas.  The number of 
locations in a given month and site varies with the number of days the herds were on the site during the month, 
number of functioning collars, and the number of GPS fixes acquired each day.  
 

Treatment 
No Wolf or 
Low Wolf 
Presence 

Wolf 
Presence 

No Wolf or 
Low Wolf 
Presence 

Wolf Presence 

Site 
Pair 

Month 
Mean Number 
of Cow GPS 

Positions 

Mean 
Number of 
Cow GPS 
Positions 

Mean Number 
of Collared 

Cows 
Sampled 

Mean Number of 
Collared Cows 

Sampled 

June 211,417 59,429 9 5.2 1 

 220,405 199,453 7.0 7.8 2 

 278,120 123,448 7.4 7.2 3 
July 271,346 223,336 8.6 5.8 1 

 278,397 351,360 6.8 9.6 2 

 244,604 222,774 7.0 8.0 3 
August 176,618 242,692 8.4 6.2 1 

 262,409 366,543 6.6 9.2 2 

 204,955 218,537 5.4 8.2 3 
Sept 235,919 170,463 7 5.4 1 

 230,579 325,852 6.4 8.8 2 

 189,041 212,287 5.2 7.4 3 
October 155,303 21,837 6.4 3.0 1 

 107,664 222,168 6.2 8.4 2 

 146,133 199,575 5.5 7.0 3 
Mean 214,194 210,650 6.86 7.15  
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Table 2.  Estimated mean daily distance traveled for all collared cattle on all sites by year over the 5 years of the study.  
Estimates of velocity collected during each 5-minute interval were averaged over each month of the 5 years of the study (2008 
to 2012) and compared using multifactor analysis of variance.   Yearly differences were significant (P < 0.0001).  The 
interaction of year with month and wolf presence was not significantly different (P = 0.6134 and P = 0.7870 respectively).  
 

Year 
Count 

(n) 
Mean Daily Travel 

mi (km)
 1
 

Standard Error 
mi (km) 

2008 27 8.01 (12.88)a 0.28 (0.45) 

2009 30 8.50 (13.68)ab 0.26 (0.42) 

2010 30 8.16 (13.13)a 0.26 (0.42) 

2011 30 8.93 (14.37)b 0.26 (0.42) 

2012 29 9.83 (15.82)c 0.27 (0.43) 
1 Values followed by the same alphabetic superscript are not significantly different at P = 0.05. 
 

 
 
Table 3.  Daily travel distance was averaged over each month of the 5 years of the study (2008 to 2012) and compared using 
multifactor analysis of variance.   Monthly differences were significant (P = 0.0475) and wolf presence was highly significant (P 
< 0.0001).  The interaction of wolf presence with year and month was not significant (P = 0.7870 and P = 0.5182 respectively). 
 

Month 
Count 

(n) 
Mean Daily Travel (miles)

 1
 

Standard Error 
(miles) 

June 28 7.97 a 0.27 

July 30 8.81 b 0.26 

August 30 8.93 b 0.26 

September 30 8.65 b 0.26 

October 28 9.06 b 0.27 
1 Values followed by the same alphabetic superscript are not significantly different at P = 0.05.
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Synopsis 

 

Herbicides used for Western juniper control 

in the early stage of encroachment showed 

significant levels of tree damage 120 days after 

treatment when using foliar, spot and basal bark as 

application methods. 

 

Summary 
 

The objective of this study is to determine if 

herbicides can provide an effective way to control 

Western juniper in the early stages of encroachment. 

Two field studies set up in a randomized complete 

block design with four replications are being 

conducted near Prineville, Oregon. Each plot 

consists of ten trees all under six feet of height. In 

the first study picloram, fluroxypyr, 

aminocyclopyrachlor, metsulfuron, triclopyr, 

imazapyr and glyphosate were tested with a foliar 

coverage application. Evaluations 120 days after 

treatment (DAT), showed that picloram (98%), 

picloram + fluroxypyr (98%) and glyphosate + 

imazapyr (93%) were the treatments with the highest 

percent of juniper damage. Lower levels of damage 

were observed when aminocyclopyrachlor was 

combined with metsulfuron (78%) or with triclopyr 

(86%). In the second study picloram, hexazinone, 

aminocyclopyrachlor and triclopyr were tested with 

spot and basal bark as applications methods. The 

highest level of tree damage was recorded with  

picloram when applied either as spot treatment 

(90%) or as basal bark (98%). Tree damage with 

spot application of hexazinone was 67% and 70% 

for aminocyclopyrachlor plus triclopyr when applied 

as a basal bark treatment. While the levels of 

damage were significant further evaluations are 

planned for next year that will provide more 

definitive conclusions regarding treatment 

performance.  

 

Introduction 
 

The range of Western juniper has 

dramatically expanded since the late 1800’s, 

occupying 3.7 million acres in Oregon (Miller et al. 

2005). Once Western juniper becomes established in 

a community, it competes with the native vegetation 

for space, light, and nutrients; most importantly it 

uses a tremendous amount of water that is no longer 

available to the existing native plant communities. In 

regions of low annual precipitation such as Central 

and Eastern Oregon, water use and interception by 

the Western juniper has a dramatic effect on the 

amount of water available for other species (Barrett, 

2007). As result of the diminished groundwater 

supply available to the dominant plant community 

the existing shrubs, grasses, and forbs are 

significantly reduced. The change in composition of 

the existing plant community has a correspondingly 

negative affect on the livestock and wildlife that are 

dependent on them. The encroachment of juniper on 
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the sagebrush plant communities is an important 

factor contributing to the decline of sage grouse 

habitat. Western juniper not only competes for water 

with native beneficial plants, but also provides 

perches for the bird species that prey on sage grouse, 

further negatively affecting survival, productivity, 

and recruitment.  

 There are three distinct stages in the 

encroachment of juniper into sagebrush communities 

(Miller et al. 2005). In phase I, the Western juniper 

trees are generally less than six feet tall, and shrubs 

and grasses persist as the dominant species. In phase 

II, juniper trees are co-dominant with shrubs and 

grasses, and by the end of this phase the percent area 

cover by Western juniper can reach 20 percent. In 

phase III, Western juniper trees are dominant and 

dictate the ecological process affecting the plant 

community. This phase is characterized by dramatic 

decline in the species richness of the understory. 

Control of Western juniper in phase I of the 

encroachment is critical because the negative 

impacts on the plant community are still minimal. 

The reestablishment of beneficial plant communities 

in phases II or III is much more costly.  

Options for Western juniper control in phase 

I include mechanical removal (chainsaw, machinery) 

prescribed fire, and herbicides (Barrett, 2007). One 

advantage offered by the application of herbicides is 

that large areas can be treated quickly, but the use of 

herbicides for Western juniper control to date has 

been limited. Currently there is little or no 

information regarding the effectiveness of active 

ingredients such as metsulfuron, triclopyr, 

imazethapyr, hexazinone and aminocyclopyrachlor 

for Western juniper control in Central Oregon.   

The objective of this study is to determine if 

herbicides might provide an effective way to control 

Western juniper in sagebrush communities in the 

early stages of encroachment. 

 

Materials and Methods 
 

A study is been conducted eight miles east 

of Prineville, Oregon, on a site currently in phase I 

of Western juniper encroachment. Foliar coverage 

and spot-basal bark herbicide applications 

techniques are being tested in two separate studies. 

Each study was design as a randomized complete 

block design replicated four times with a total of 10 

Western juniper trees in each plot. Individual trees 

were tagged for identification and measurements of 

height, trunk and foliage diameters at the base of the 

tree were recorded. Herbicides in the foliar 

application study were applied with a single nozzle 

backpack sprayer calibrated to deliver 20 gallons of 

spray solution per acre at 40 psi pressure using XR 

8002 Teejet
®
 nozzles. In the spot-basal bark study, 

herbicides were applied using a spot gun with an 

adjustable graduated cylinder for the spot 

applications and a single nozzle backpack sprayer 

for the basal bark applications. In the last study 

mechanical removal was included as a treatment for 

comparison. Application dates and environmental 

conditions are detailed in Table 1. Active ingredients 

tested in the foliar application study include: 

picloram, fluroxypyr, aminocyclopyrachlor, 

metsulfuron, triclopyr, imazapyr and glyphosate, 

rates and adjuvants are detailed in Table 2. Active 

ingredients tested in the spot-basal application study 

include: picloram, hexazinone, aminocyclopyrachlor 

and triclopyr, rates and adjuvants are detailed in 

Table 3. Treatments were visually evaluated for 

foliar chlorosis 120 days after treatment (DAT) on a 

scale of 0 no injury to 100 total chlorosis. 

 Data was subject to ANOVA using the 

GLM procedure from SAS. Means were separated 

using Fischer’s Protected LSD test at a 0.05.  

 
Table 1. Application dates and environmental condition. 
 

 Foliar Spot-basal 

Application Date 6/22/13 6/21/13 

Time of Day 8 AM 10 AM 

Air temperature  (F) 49 52 

Relative Humidity (%) 78 68 

Wind Speed (MPH) 3 5 

Wind Direction W NW 
 

Results 
 

Foliar coverage application 
 

 The visual evaluation performed in the fall 

of 2013, 120 DAT, showed that the highest percent 

of foliar chlorosis on Western juniper trees was 

recorded with applications of picloram (98%), 

picloram + fluroxypyr (98%) and glyphosate + 

imazapyr (93%). Lower levels of chlorosis were 

observed when aminocyclopyrachlor was combined 

with metsulfuron (78%) or with triclopyr (86%). The 

level of herbicide damage observed in the Western 

juniper trees at 120 DAT are to be considered highly 

satisfactory, even for the treatments that included 

aminocyclopyrachlor, a slow acting active 

ingredient. The need of enough spray volume to 

obtain a good foliar coverage, the spraying time 
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required to ensure a good coverage and the risk of 

accidental exposure for the applicator are factors to 

be considered with this application method. 

 

Spot-basal bark application 
 

 The highest percent of foliar 

chlorosis on Western juniper trees was recorded 

when picloram was applied either as spot treatment 

(90%) or as basal bark (98%). Tree chlorosis with 

spot application of hexazinone was 67%. This active 

ingredient requires moisture for soil incorporation 

and plant uptake; therefore these initial levels of 

chlorosis are high if we take in account the limited 

amount of moisture available after the application. 

When aminocyclopyrachlor was combined with 

triclopyr the chlorosis was 70%. The same 

consideration as the foliar treatment should be made 

for the basal bark application of 

aminocyclopyrachlor in regards the speed of which 

the active ingredient molecule act. The advantages 

of using the spot or basal bark application method 

are that high volumes of spray solutions are not 

required, the exposure for the applicator is minimal 

and numerous trees can be sprayed in a relative short 

period of time. 
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Table 2. Herbicides applied as foliar coverage for Western juniper control and percent chlorosis recorded 120 DAT. 

  Treatment1 Rate Unit Chlorosis2   

1 Picloram 4 qt/100 gal 98 a 

Syl-Tac 0.5 % v/v 
  2 Picloram + fluroxypyr 6 fl oz./acre 98 a 

Syl-Tac 0.5 % v/v 
  3 Aminocyclopyrachlor + metsulfuron 3 qt/acre 76 c 

MSO 1 % v/v 
  4 Aminocyclopyrachlor + triclopyr 3 fl oz./acre 86 b 

MSO 1 % v/v 
  5 Imazapyr + Glyphosate 1 + 5 % v/v 93 ab 

COC 1 % v/v 
  

6 Untreated Check 1 lb./acre 0 d 

          LSD (P=.05)                                                                     
 

  8 
1Abbreviations: methylated seed oil, MSO; crop oil concentrate, COC.  
2Means followed by different letters are significantly different at p=0.05 
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Table 3. Herbicides applied as spot-basal bark applications for Western juniper control and percent chlorosis recorded 120 
DAT. 

  Treatment1 Rate Unit Chlorosis2   

1 Picloram 0.2 fl oz./ tree 90 a 

2 Picloram 20 % v/v 98 a 

NIS 0.5 % v/v 
  3 Hexazinone 0.13 fl oz./ ft. height 67 b 

4 Aminocyclopyrachlor  5 % v/v 70 b 

Triclopyr 15 % v/v 
  5 Untreated Check 1 + 5 % v/v 0 c 

          LSD (P=.05)                                                                     
 

11 
Abbreviations: non-ionic surfactant, NIS.  
2Means followed by different letters are significantly different at p=0.05 
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Synopsis 
 

Prescribed burning immediately followed 

with an application of imazapic was applied in the 

fall to medusahead-invaded rangelands in eastern 

Oregon to control medusahead in preparation for 

testing revegetation treatments consisting of native 

and nonnative (introduced) plant materials. 

Preliminary results suggest that the most successful 

revegetation treatment was seeding introduced plant 

materials one year after prescribed burning followed 

by imazapic application. 

 

Summary 
 

The objectives of this study were to 

determine: 1) effective treatments for controlling 

medusahead and 2) the appropriate plant materials 

for revegetating medusahead-invaded rangelands. 

Initial treatments of prescribed burning immediately 

followed with applications of the preemergent 

herbicide imazapic (Plateau ®) were applied to three 

130 x 165 ft plots at each of five sites in eastern 

Oregon during the fall of 2010. The same treatment 

combination was applied to an additional 130 x 165 

ft plot at each of the five sites during the fall of 

2011.  All burned and herbicide treated plots were 

seeded during the fall of 2011 with either a mix of 

introduced species, native species, or a combination 

of introduced and native species. The study also 

included an untreated reference plot at each of the 

five sites.  Fall prescribed burning to remove 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

persistent medusahead litter followed immediately 

with an application of imazapic at a rate of 6 oz/ac is 

an effective treatment combination for controlling 

medusahead and preparing sites for successful 

revegetation of desirable plants.  Initial revegetation 

success of seeded plants following medusahead 

control indicated substantially greater establishment 

of introduced compared to native species.  Initial 

results also indicated that seeding immediately 

following application of imazapic is not a viable 

restoration option because of non-target herbicide 

damage to the seeded vegetation. Instead, our 

preliminary results suggest initial establishment of 

seeded plants is best facilitated by using seed mixes 

predominantly comprised of introduced plant 

materials and waiting a year after imazapic 

application before revegetation efforts are attempted.   

 
Introduction 

 

 Medusahead (Taeniatherum caput-medusae 

(L.) Nevski) is an aggressive exotic annual grass that 

decreases biodiversity, degrades wildlife habitat, 

reduces livestock forage production, and increases 

fine fuel loads (Davies and Svejcar 2008).  

Medusahead has invaded at least 5 million acres in 

the northern Great Basin and an additional 62 

million acres are at risk of invasion.  Revegetation of 

medusahead infested rangelands with desirable 

plants is needed to increase livestock forage 

production, improve wildlife habitat, restore 

biodiversity and sustain productivity of adjacent 

BEEF113 

Revegetating Sagebrush Rangelands Invaded by 

Medusahead 
1 

Dustin D. Johnson2 and Kirk W. Davies3 

Page 47



Revegetating Sagebrush Rangelands Invaded by Medusahead                                         
 
land at risk of medusahead invasion.  Medusahead 

invasion is a particularly challenging management 

problem because most efforts to revegetate infested 

rangeland are unsuccessful (Young 1992).  Short-

term control of medusahead has been accomplished 

with various treatments.  Perhaps the most 

promising combination of treatments for control of 

medusahead has been prescribed burning followed 

by a fall application of imazapic.  Davies (2010) 

demonstrated that introduced perennial grasses could 

be successfully established after using fire-imazapic 

treatment to control medusahead, but treatment plots 

were too small (16.4 by 16.4 ft) to be applicable to 

large-scale management scenarios encompassing a 

broader range of environmental conditions.  In 

addition, Davies (2010) did not evaluate the 

potential use of native plants for revegetation. 

Revegetating rangelands invaded by 

medusahead is constrained by a lack of information 

to assist land managers in determining 1) the best 

method to control medusahead and promote 

revegetation success and 2) the most suitable plant 

materials to seed after medusahead control.  

Objectives of this study were to 1) evaluate and 

demonstrate the effectiveness of prescribe burning 

followed by imazapic application to control 

medusahead 2) compare the post-control 

revegetation success of native plants to introduced 

plants, and 3) determine if revegetation should occur 

immediately or one year after medusahead control. 

 

Materials and Methods 
 

Five sites (blocks) in eastern Oregon 

invaded by medusahead with varying soils, potential 

natural vegetation, slope, aspect, and elevation were 

selected for study.  Each block consisted of five 130 

X 165 ft plots randomly assigned to the different 

treatments with a 6-ft buffer between treatments.  

Three of the plots were prescribed burned and then 

treated with imazapic (Plateau®) during in the fall of 

2010.  In the fall of 2011, one year after control 

treatments were conducted, these plots were 

randomly assigned to be seeded with a mix of 

introduced, native, or introduced-native species.  

Also in the fall of 2011, another plot was prescribed 

burned and treated with imazapic.  This plot was 

immediately seeded with the introduced species mix 

to determine if seeding can occur without waiting 

one year after applying imazapic.  The fifth plot 

served as an untreated control at each study site.  

The introduced species mix included forage kochia, 

an introduced shrub that is highly palatable and 

nutritious, crested wheatgrass, and Siberian 

wheatgrass.  The native seed mix consisted of 

Wyoming big sagebrush, bluebunch wheatgrass, and 

bottlebrush squirreltail.  The introduced-native mix 

consisted of forage kochia, Wyoming big sagebrush, 

crested wheatgrass, Siberian wheatgrass, bluebunch 

wheatgrass, and bottlebrush squirreltail.   

Prescribed burns were applied in early 

October as strip-head fires ignited with drip-torches.  

Imazapic was applied at a rate of 6 oz/acre two 

weeks after burning.  This rate has been used to 

successful control medusahead in other research 

projects (Davies 2010; Davies and Sheley 2011).  

Immediately or one year after imazapic application, 

depending on treatment, shrubs were broadcast 

seeded and perennial grasses were drill seeded using 

a Versa-Drill (Kasco, Inc., Shelbyville, IN, USA).  

Species were mixed together in equal proportions 

and seeded at 20 lbs/ac PLS for grasses and 3 lbs/ac 

PLS for shrubs.  This seeding rate was found to be 

effective for establishing introduced perennial 

grasses in medusahead infestations that had been 

controlled with prescribed fire and herbicide 

application (Davies 2010). 

Herbaceous cover and density were 

measured by species in 1.3 X 1.6 ft quadrats located 

at 13-ft intervals along the 130-ft transects, resulting 

in 10 quadrats per transect and 40 quadrats per 

treatment plot.  Exotic annual grass (primarily 

medusahead) and perennial bunchgrass cover and 

density measurements from 2012 and 2013, one and 

two years post seeding, respectively, were 

summarized and means +SEs are presented below. 

 

Results 
 

Immediate vs. Delayed Seeding Post Imazapic 

Application 
 

 Perennial Grass Cover and Density: Plots 

that were provided a year-long fallowing period after 

imazapic application produced over 10-fold more 

perennial bunchgrass cover and density than plots 

that were immediately seeded after receiving an 

imazapic treatment (Figure 1).  Perennial bunchgrass 

cover and density in plots that were seeded 

immediately after an imazapic application were not 

different that the unseeded control, whereas plots 

fallowed for a year before being seed produced 

perennial bunchgrass cover and density that was 

over 25-fold greater than the unseeded control. 

 

   

 

Page 48



Revegetating Sagebrush Rangelands Invaded by Medusahead                                         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.  Perennial grass cover (top pane) and density 
(bottom pane) in plots receiving no treatment (Control), 
revegetation with introduced plant species one year after 
medusahead control with imazapic (Delayed Seeding), 
and revegetation with introduced plant species 
immediately following medusahead control with imazapic 
(Immediate Seeding).  
 

Native vs. Introduced Perennial Bunchgrasses 

Performance Post Medusahead Control 
 

 Exotic Annual Grass and Perennial 

Bunchgrass Cover:  Exotic annual grass cover 

remained low in plots seeded with an introduced or 

introduced/native species mix compared to the 

untreated, unseeded plots through 2013, the third 

year after medusahead control (Figure 2).  In 

contrast, exotic annual grass cover had increased to 

8 ± 4% in plots planted with only native species and 

was similar to the untreated, unseeded plots by the 

third year after medusahead control (Figure 2).    

 Plots seeded with introduced species 

produced a perennial bunchgrass cover of 7.8 ± 

2.8% by the second year after seeding, whereas 

perennial bunchgrass cover in plots seeded with 

native species was only 1 ± 0.4% (Figure 2).  Plots 

seeded with introduced and native species (20 total 

lbs/ac; equal quantities of introduced and native) 

produced roughly half the perennial bunchgrass 

cover of plots seeded only with introduced species 

(20 lbs/ac of introduced) (Figure 2).  Furthermore, 

crested and Siberian wheatgrass (introduced 

bunchgrass species) comprised over 60% of the 

perennial bunchgrass cover produced in these plots, 

with the vast majority of remaining cover being 

produced by basin wildrye, a bunchgrass not 

included in the seeding mix that was present 

(primarily at one site) prior to control and seeding 

treatments. 

   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  Exotic annual grass (top pane) and perennial 
grass (bottom pane) cover in plots receiving no treatment 
(C), and revegetation one year after medusahead control 
with introduced plant species (I), native plant species (N), 
and a mix of introduced and native species (NI). 
 

   Exotic Annual Grass and Perennial 

Bunchgrass Density:   Exotic annual grass density 

remained low in plots seeded with an introduced or 

introduced/native species mix compared to the 

untreated plots through the third year after 

medusahead control (Figure 3).  In contrast, a 

considerable resurgence in exotic annual grass 

density had occurred in plots seeded with native 

species by the third year after medusahead control 

(Figure 3). 

Plots seeded with introduced species 

produced a perennial bunchgrass density of 7.2 ± 1.1 

plants per m
2
 by the second year after seeding, 

whereas perennial bunchgrass cover in plots seeded 

with native species was less than 1 plant per m
2
 

(Figure 3).  Plots seeded with introduced and native 

species (20 total lbs/ac; equal quantities of 

introduced and native) produced just over half the 

perennial bunchgrass density of plots seeded only 

with introduced species (20 lbs/ac of introduced) 

(Figure 3). Moreover, crested and Siberian 

wheatgrass (introduced bunchgrass species) 
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comprised over 78% of the perennial bunchgrass 

density produced in these plots, with seeded native 

species (bottlebrush squirreltail and bluebunch 

wheatgrass) only comprising about 14% of the 

perennial bunchgrasses in the plots.  Additionally, 

seeded native species were present at the study sites 

prior to application of medusahead control and 

seeding treatments, so it is unclear how many of the 

observed native bunchgrasses established from seed 

versus simply already being present prior to 

initiation of the study. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Exotic annual grass (top pane) and perennial 
grass (bottom pane) density in plots receiving no 
treatment (C), and revegetation one year after 
medusahead control with introduced plant species (I), 
native plant species (N), and a mix of introduced and 
native species (NI). 

 

Conclusions 
 

Initial results suggest fall prescribed burning 

followed immediately with an application of 

imazapic at a rate of 6 oz/ac is an effective treatment 

combination for controlling medusahead.  Burning 

reduces the persistent litter layer that develops on 

medusahead-invaded sagebrush rangelands.  

Removing the litter layer prior to herbicide treatment 

likely serves to increase bare ground which 

improves soil coverage of imazapic, a preemergent, 

soil-active herbicide.  Likely, without removing litter 

by burning or some other means (i.e., mechanical), 

the preemergent activity of imazapic on medusahead 

would be greatly reduced and control success would 

be compromised.  Prescribed burning and imazapic 

application also greatly reduced competition from 

medusahead which provided a more favorable 

seedbed for revegetation.  In addition, our results 

indicate that initial revegetation success after 

medusahead control was substantially greater with 

introduced species compared to native plant 

materials.  Results of the study also revealed that 

seeding immediately following application of 

imazapic is not a viable restoration option, probably 

due to herbicide damage to seeded species. Instead, 

establishment of seeded plants is best facilitated by 

using seed mixes predominantly comprised of 

introduced plant materials and waiting a year after 

imazapic application before seeding.  Lastly, our 

results suggest that failure to gain initial 

establishment of seeded perennial grasses following 

medusahead control opens the door for re-invasion. 
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Synopsis 

 

We have started a long-term ecological 

study to document changes in plant and wildlife 

populations following mechanical control of juniper 

trees.  Although our data is preliminary, we found an 

increase in perennial grasses and forbs as a result of 

juniper control in some areas.  Wildlife monitoring 

as well as additional seasons of vegetation 

monitoring are planned and would provide more 

conclusive results. 

 

Summary 
 

The objective of this study was to determine changes 

in vegetation and wildlife populations resulting from 

juniper control.  We monitored vegetation 

characteristics through a sequence of multiyear 

juniper control events that started in 2009.  Our 

results suggest a general increase in perennial 

grasses and forbs as a result of juniper control in 

areas surrounding the fallen trees.  These results 

should be considered preliminary and for that reason 

longer term monitoring is planned.  We have also 

established multiple grazing exclosures for long-

term monitoring of vegetation and small rodents 

under different conditions of juniper encroachment.  

The monitoring of these exclosures will start in the 

summer of 2014. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 
Introduction 

 

Western juniper (Juniperus occidentalis ssp. 

occidentalis Hook.) populations in eastern Oregon 

have expanded ten-fold in the last 130 years (Miller 

et al. 2005).  Such expansion is troublesome for a 

variety of reasons: reduction of productivity and 

diversity of understory vegetation, negative impact 

on hydrologic processes, and possible decline of 

ungulate populations through reduction of available 

browse (O’Connor et al. 2013).  Western juniper 

populations have been controlled by prescribed fire 

or mechanical removal and studies have addressed 

some of the resulting ecological effects (Miller et al. 

2005).  These effects, however, can greatly vary 

among sites and more local experiences are 

necessary to better understand the effects of control.  

For example, studies have revealed that the 

vegetation response to juniper control is highly 

dependent on the initial, pre-control characteristics 

of the vegetation.  Evans and Young (1985) reported 

that juniper control in California areas dominated by 

invasive annual grasses resulted in even higher 

degree of invasion by annuals.  Clearly, an annual-

dominated rangeland poses negative consequences 

for both livestock and wildlife species of 

environmental concern, such as sage-grouse.  

Therefore, juniper control prescription should not be 

considered as a remedy in all conditions.  In 

addition, studies relating juniper control with the 
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condition of wildlife herbivores such as elk, mule 

deer, and small rodents are practically non existing 

(Miller et al. 2005). 

Many ranchers in eastern Oregon consider 

juniper invasion the most severe threat to their 

ranching enterprises, even more so than the invasion 

of other serious non-native weeds such as cheatgrass 

and medusahead (Johnson et al. 2011).  This by 

itself is compelling evidence that the juniper 

encroachment is a serious societal concern that 

requires detailed studies to generate adequate and 

sustainable management strategies. 

The Phillip W. Schneider Wildlife Area 

(PWSWA) is a public land area in Grant County, 

OR that comprises 24,000 acres managed by the 

Oregon Department of Fish and Wildlife.  

Encroachment of western juniper in this area has 

resulted in the reduction of quality wildlife habitat: 

losses in native shrubs (bitterbrush, current, and 

sagebrush), as well as native grasses and forbs.  To 

address this problem large portions of land in this 

area have been recently treated for juniper control by 

mechanical means.  We believe this massive effort 

in juniper control can be used and adapted to 

function as a large controlled experiment to evaluate 

ecosystem responses to vegetation management.   

This study has two main objectives: 

1. To monitor vegetation and wildlife 

populations conditions through a sequence of 

multiyear juniper control events that has already 

been initiated.  

2. To monitor vegetation characteristics 

resulting from experimental control of juniper under 

contrasting conditions of pre-control vegetation in 

long-term observations.   

 The general goal is to set the basis for a 

long-term monitoring study that would include 

detailed soil and vegetation responses, including 

biomass production and carbon sequestration, as 

well as small and large herbivore responses to 

juniper control.  The long-term study will provide 

the basis to better understand how beneficial could 

juniper control be in terms of forage production and 

wildlife habitat improvement. 

 

Materials and Methods 
 

This study took place at the Phillip W. 

Schneider Wildlife Area (PWSWA) in Grant 

County, OR.  To address the first objective, large 

areas that were treated in different years (2009, 

2010, and 2012) as well as untreated areas that 

shared similar conditions of soils and topography 

were selected  These areas were used to assess the 

vegetation response through time.  Vegetation 

sampling was conducted in the summer of 2013 in 

three different post-treatment conditions: interspace, 

duff (areas under the former tree canopy), and slash 

(areas under the fallen tree) (O’Connor et al. 2013) 

(Fig 1).  Sampling consisted of dry biomass 

evaluations and separation by perennial grasses, 

forbs, and annual grasses.  Sampling on these areas 

will continue for two years more and sampling of 

small rodents as affected by the juniper cutting 

treatments will also be evaluated. 

 

 
 

Figure 1. Sampling at different locations near fallen trees 
and on interspaces (From O’Connor et al. 2013). 
 

For the second objective, three different 

conditions of juniper encroachment have been 

selected in the study area.  In each location six 

grazing exclosures have been established.  We have 

determined baseline vegetation conditions but the 

long-term monitoring of vegetation will start in the 

summer of 2014.  This is a long-term project that 

will include five years of field observations.  The 

project will continue with the participation of a 

graduate student. 

 

Results 
 

First Objective 
 

 The biomass of perennial grasses had little 

change through time, basically resembling that of the 

control (80 g/m
2
) in interspaces (Fig 2).  However, 

in duff areas there was an increase of 15 to 50% of 

perennial grass biomass in 2010 and 2012 compared 

to the control.  In under-the-tree areas perennial 

grasses decreased more than 50% through time. The 

biomass of forbs has increased 50% to 200% 

primarily in slash areas.  The biomass of annual 

grasses has remained with little change in all the 

areas.  The increase in perennial grasses in some 

areas are initial positive responses to juniper control.  

However, plant succession is a slow process that 

Page 52



Mechanical Control of Western Juniper in Sagebrush Areas of Eastern Oregon                  
 
also responds to environmental changes and requires 

long periods of observation.  
 

Second Objective 
 

 Establishing the permanent monitoring 

transects and exclosures has been done.  Data for 

this long-term part of the study will be collected 

starting in 2014.  We understand the need to 

establish longer term monitoring in this types of 

studies and we expect to find additional sources of 

funding to continue this work.   

It is expected that this study will provide 

better tools for ranchers and land managers to decide 

on the feasibility of juniper control under different 

vegetation conditions.  This is important because the 

conditions of juniper-encroached land can be very 

variable and the prescription of juniper control might 

not necessarily result in the expected results.  

Analysis of the results would include comparisons 

with previous studies and discussion of the potential 

implications of juniper control for livestock and 

wildlife management. It is expected to disseminate 

the results in presentations to the general public and 

in scientific meetings.  
 

 
Figure 2. Biomass production of perennial grasses and 
forbs in different years and areas of measurement with 
respect to the fallen juniper trees.  
 

 
Conclusions 

 

Our results suggest a general increase in 

perennial grasses and forbs as a result of juniper 

control in the duff areas surrounding the fallen trees.  

In areas under the fallen trees, perennial grasses tend 

to diminish but forbs to increase because of shading.  

These results should be considered preliminary and 

longer term monitoring should be pursued. 
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Prescribed Burning and Herbicide Applications in the Spring to Revegetate 
Medusahead-invaded Rangelands 
 

Contact Person: Dustin Johnson – OSU Department of Animal and Rangeland Sciences            

Address: 67826-A Hwy 205, Burns, OR 97720 

Email: dustin.johnson@oregonstate.edu 
 

Project Objectives: To determine effectiveness of prescribed burning and various herbicides applied in the spring 

at controlling medusahead and determine the best treatment for promoting the establishment of seeded perennial 

grasses. 
 

Project Start Date: Fall 2012 

Expected Project Completion Date: Summer 2015 
 

Project Status: Six study sites were selected and exclosures were erected around each site during the fall of 2012.  

The following treatments were randomly assigned to 20 by 20 ft plots separated by a 3-ft buffer at each site 

during the spring of 2013: prescribed spring burn, contact herbicide application, pre-emergent herbicide 

application, combination of spring burning and pre-emergent herbicide application, combination contact and pre-

emergent herbicide application, untreated (control) that will be seeded, and a control that will not be seeded.  All 

treated plots, except the unseeded control, were drill-seeded during October of 2013 with a mixture of two crested 

wheatgrass varieties, Hycrest I and II. Vegetation cover and density by species will be measured in each treatment 

during the summers of 2014 and 2015 to determine treatment effectiveness for controlling medusahead and 

promoting establishment of seeded perennial grasses. 
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REPORT STATUS OF STUDIES FUNDED BY THE OREGON BEEF COUNCIL 

Progress report not required for studies funded prior to 2010-2011 FY and with a full report submitted. 

 
Projects funded in 2007 – 2008 FY 

  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Wolf impact on cattle productivity and behavior D.E. Johnson  X 
Development of digital charting system for range health D.E. Johnson  X 
Livestock, plant community, and sage-grouse food sources J. Miller  X 
    
Animal Sciences    
Digestibility of cool-season in dairy farms T. Downing  X 
Female hormones and immune cells in cattle M. Cannon  X 
Diagnostic test for pregnancy detection in cattle F. Menino  X 
Assay to assess bovine embryo viability during transfer F. Menino  X 
Farm-based livestock manure/biogas production  M. Gamroth  X 
Glycerol supplementation to cattle C. Mueller  X 
Copper and Zinc in dairy forage systems T. Downing  X 

    
Projects funded in 2008 – 2009 FY 

  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Wolf impact on cattle productivity and behavior (cont.) D.E. Johnson  X 
Rangeland vegetation and sediment monitoring L. Larson X X 
    
Animal Sciences    
Late gestation protein supplementation of beef cows D. Bohnert  X 
Grazing options with Brassicas and Fodder Radishes C. Engel  X 
Maternal marbling potential and ultrasound technology  C. Mueller  X 
Replacement heifers sired by high or low-marbling bulls C. Mueller X X 
BVDV and BVDV PI screening to initiate BVDB control B. Riggs  X 
Selenium supplementation and retention in beef cattle G. Pirelli X X 
Farm-based livestock manure/biogas production (cont.) M. Gamroth  X 

    
Projects funded in 2009 – 2010 FY 

  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Wolf impact on cattle productivity and behavior (cont.) D.E. Johnson  X 
DNA analysis for cattle diet in sagebrush rangelands R. Mata-Gonzales X X 
Behavior and distribution of cattle grazing riparian zones D.E. Johnson  X 
    
Animal Sciences    
PFG2α to improve uterine health and reproductive efficiency M. Cannon  X 
Disposition and reproductive performance of brood cows R. Cooke X X 
Acclimation to handling and heifer development R. Cooke X X 
Farm-based livestock manure/biogas production (cont.) M. Gamroth  X 
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Projects funded in 2010 – 2011 FY 
  Report Status 

Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Conflict stressors, spatial behavior and grazing budgets of cattle D.E. Johnson X  
Behavior and distribution of cattle grazing riparian zones (cont.) D.E. Johnson  X 
Grazing and medusahead invasion in sagebrush steppe  D. Johnson X X 
Weeds to suppress cheatgrass and medusahead  P. Dysart X X 
Effects of wolves on cattle production systems (cont.) D.E. Johnson  X 
Quantities diet analysis in cattle using fecal DNA R. Mata-Gonzales X X 
    
Animal Sciences    
Protein supplementation to low-quality forage D. Bohnert X X 
Disposition, acclimation, and steer feedlot performance R. Cooke X X 
Nutrition during bull development on calf performance C. Mueller X X 
Metabolic disorders and incidence of anoestrus in dairy cows A. Villarroel X  
Extending grazing season with warm season and Brassica forages S. Filley X X 
Oral Selenium drench at birth to calves J. Hall X X 
    
    

Projects funded in 2011 – 2012 FY 
  Report Status 

Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Revegetating sagebrush rangelands Invaded by Medusahead D. Johnson X X 
Potential benefits of Sagebrush consumption by cattle R. Mata-Gonzales X X 
Effect of wolves on cattle production systems (cont.) D.E. Johnson   
Conflict stressors, spatial behavior and grazing budgets (cont.) D.E. Johnson X X 
    
Animal Sciences    
Effects of camelina meal supplementation to beef cattle R. Cooke X X 
The economics of grassed-based dairying in Oregon T. Downing X X 
Yeast culture supp. improves feed consumption in cattle G. Bobe X X 
Western Juniper - Induced Abortions in Beef Cattle C. Parsons X  
Metabolic disorders and incidence of anoestrus in dairy cows A. Villarroel X  
    
    

Projects funded in 2012 – 2013 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Assessing landscape scale cheatgrass fuel load reduction M. Borman   
Effect of wolves on cattle production systems (cont.) D.E. Johnson   
Modification of livestock and sage-grouse habitat after juniper control R. Mata-Gonzales X X 
Prescribed burning and herbicide appl. to revegetate rangelands D. Johnson X X 
    
Animal Sciences    
Comparison of Ivomec Plus and a generic anthelmintic to beef cattle R. F. Cooke X  
Influence of supplement composition on low-quality forages D. W. Bohnert X X 
Yeast culture supplementation and dairy reproductive performance G. Bobe X X 
The effect of western juniper on the estrous cycle of beef cattle C. Parsons X  
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Projects funded in 2013 – 2014 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Development of forage value index for Ryegrass T. Downing   
Effect of wolves on cattle production systems (cont.) J. Williams  X 
Use of herbicide for control of Western Juniper G. Sbatella  X 
    
Animal Sciences    
Oxidized lipid metabolites to predict disease in dairy cows G. Bobe X  
Cow nutritional status during gestation and offspring performance  R. F. Cooke X  
Modifying the hormone strategy for superovulating donor cows F. Menino X  
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We acknowledge Mrs. Flavia Cooke (Faculty Research Assistant – OSU, EOARC Burns) for 

replicating and assembling all reports. 
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