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Synopsis 

 

Monensin addition, irrespective of supplement 

type, reduced forage intake while maintaining 

performance of beef cattle consuming low-quality 

forage. 

 

Summary 
 

Two studies were conducted to evaluate the 

influence of supplement composition and monensin 

addition 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), approximately 30% CP 

supplements consisting of corn and urea (CU), CU + 

monensin (200 mg/day; CU+M), dried distillers 

grains (DDGS), or DDGS + monensin (200 mg/day; 

DDGS+M).  In Experiment 1, 5 steers (avg. 992 ± 56 

lb) were used in an incomplete 5 x 4 Latin square 

with four 28-d periods to compare the effects of 

monensin and supplement type on forage intake, 

digestibility and ruminal fermentation characteristics.  

Forage intake tended to be greater with 

supplementation (P = 0.06), was greater with DDGS 

compared with CU (P = 0.03), and was decreased 

5.5% with monensin addition (P = 0.04).  Ruminal 

pH was increased with monensin; however, it was 

increased more with monensin addition to the DDGS 

supplement compared with the CU supplement (P < 

0.01).  In Experiment 2, 80 late gestation cows (avg. 

1,173 ± 175 lb) were stratified by age, BCS, and BW  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

and randomly allotted to treatments (20 pens; 4 

cows/pen; 4 pens/treatment).  Pre-calving and post-

calving body condition score (BCS) change were 

more positive with supplementation (P < 0.01) and 

monensin addition to the supplements benefited pre-

calving (P = 0.02) and post-calving (P = 0.02) BCS 

change a greater amount with the CU supplement 

compared with the DDGS supplement.  

 
Introduction 

 

Beef cattle producers have taken advantage of 

ionophores, such as monensin and lasalocid, since 

the 1970’s.  The principle advantages associated 

with incorporating ionophores into beef cattle diets 

are improved feed efficiency and amelioration of 

digestive upsets.  In addition, ionophores have 

proven useful in helping control certain health 

disorders such as liver abscesses and coccidiosis.  As 

a result, ionophores improve the cost of production 

in the growing/feedlot by almost $12/head, with 

approximately 93% of all feedlots currently using 

ionophores (Lawrence and Ibarburu, 2007).  Another 

benefit of using ionophores in ruminant diets is a 

reduction in greenhouse gas emissions.  Research 

has noted that methane production by cattle (21 

times more powerful than carbon dioxide as a 

greenhouse gas) can be decreased almost 40% when 

monensin is included in the diet (Neto et al., 2009).  

It should be noted that the vast majority of the 

aforementioned research was conducted with 
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growing cattle consuming high-concentrate diets or 

high quality pasture.  In contrast, there is little data 

available related to feeding ionophores to mature 

cattle consuming low-quality, forage-based diets 

(Bretschneider et al.; 2008).  Also, there is a paucity 

of research evaluating the effect of supplement type 

and ionophore addition on beef cattle consuming 

poor-quality forages. 

The majority of research that has 

documented improved feed efficiency with 

ruminants consuming low-quality forage has 

demonstrated maintained performance when 

provided approximately 10% less total forage 

(Bretschneider et al.; 2008).  Nevertheless, 

Lemenager et al. (1978) suggested that forage intake 

was reduced from 15 to 20% by beef cows grazing 

winter range in Oklahoma and supplemented with 

monensin compared with those not receiving 

monensin.  If cattle producers that use low-quality 

forages for a significant period of the year can 

reduce the quantity of forage utilized while 

maintaining or improving animal performance, 

simply by supplementing with an ionophore, they 

can reduce required winter feed resources, decrease 

winter feed costs, and reduce the environmental 

impact of their operation.  We hypothesize that 

providing supplemental monensin to beef cattle will 

decrease intake of low-quality forage while 

maintaining performance; thereby improving feed 

efficiency, energy status, and ruminal fermentation 

compared with no monensin.  In addition, we 

hypothesize that the beneficial effects of monensin 

will be independent of supplement type. 

 

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 type and 

Monensin Addition on Forage Intake and 

Digestibility in Steers 
 

Five ruminally cannulated Angus x Hereford 

steers (avg. 992 ± 56 lb) were used in an incomplete 5 

x 4 Latin square and housed in individual pens within 

an enclosed barn with continuous lighting.  

Treatments included a non-supplemented control 

(CON), approximately 30% CP supplements 

consisting of either corn and urea (CU; 0.29% BW), 

CU + monensin (200 mg/day; CU+M), dried distillers 

grains (DDGS; 0.27% BW), or DDGS + monensin 

(200 mg/day; DDGS+M).  All supplemented 

treatments were formulated to be provide similar 

caloric and nitrogen intakes.    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 (approximately 5% 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 2, 4, 6, 8, 12, 18, and 24 h after feeding.  Ruminal 

fluid pH was measured immediately after collection.  

 

Experiment 2. Influence of Supplement type and 

Monensin Addition on Cow Performance 
 

Eighty late gestation (approximately 190 d 

pregnant) Angus x Hereford cows (avg. 1,173 ± 175 

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 (approximately 5.0% CP) fine fescue 

grass seed straw.  Also, the supplements offered to 

cows are provided in Table 1.   

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 

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 

treatment effects consisted of: 1) supplemented vs 

non-supplemented; 2) monensin addition; 3) 

supplement type; and 4) the monensin addition by 

supplement type interaction. 
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Ruminal pH was 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). The same contrasts as 

previously described were used to partition specific 

treatment effects. 

 

Results 
 

Exp. 1 Forage intake, digestibility and ruminal 

fermentation characteristics in steers 
 

Intake.  Forage intake was not altered by 

supplementation (Table 1; P > 0.05); however, DDGS 

increased forage intake 6% compared with the CU 

supplement (P = 0.03).  Also, monensin addition to 

supplements reduced forage intake by greater than 5% 

(P = 0.04).  Total dry matter intake was increased 

with supplementation (P < 0.01), but decreased with 

monensin addition (P = 0.04). 

Ruminal Fermentation.  Ruminal pH was not 

altered with supplementation (P = 0.58); however, we 

did note that monensin addition to the DDGS 

supplement increased average ruminal pH 0.3 units 

compared with only 0.1 units with the CU (P < 0.01; 

Table 1). 

Blood Variables.  Insulin was not affected by 

treatments (P ≥ 0.019) but glucose was greater with 

the CU compared with the DDGS supplements (63 vs 

57 ng/mL; P = 0.01), probably due to the greater 

starch content of the corn compared with distillers 

grains.   Protein supplementation has been shown to 

increase plasma plasma urea nitrogen (BUN) and 

IGF-I in beef cattle.  Our data supports this as plasma 

IGF-I and BUN concentrations were increased with 

supplementation (P < 0.01; Table 1).  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.  Also, due to the greater ruminal 

degradability of protein in the CU supplement, BUN 

was almost 100% greater with the CU compared with 

DDGS (P < 0.01; 24 vs 13 mg/dL). 

 

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., 2002; Currier et al. 2004).  

This was observed in the current study for pre- and 

post-calving weight and BCS change (P < 0.01; Table 

2).  Also, we observed an increase in pre- and post-

calving weight change due to supplement type, with 

DDGS increasing weight gain compared with CU 

supplementation.  Interestingly, monensin 

supplementation improved pre-calving cow BCS 0.4 

units with the CU supplement compared with a loss 

of 0.2 units with the DDGS supplement (P = 0.02).  

Similarly, post-calving BCS change was improved 

0.4 units with monensin addition to CU compared 

with a 0.1 increase with DDGS (P = 0.02).  This 

suggests monensin was more advantageous when 

incorporated into the CU supplement compared with 

DDGS. 

As with the steers in Exp. 1, plasma insulin was 

not altered by the treatment regime (P ≥ 0.32; Table 

2) but glucose was increased (P = 0.05) with the CU 

supplements compared with DDGS.  Plasma IGF-1, 

an indicator of overall nutritional status, increased 

with supplementation (P < 0.01) but was not affected 

by supplement type or monensin addition (P ≥ 0.12).  

Also, as noted in Exp. 1, BUN was greater with 

supplementation compared with the non-

supplemented control (P < 0.01) and for the CU 

compared with DDGS supplements (P = 0.02). 
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Table 1. Effects of supplement type and monensin addition on intake, ruminal pH, and blood variables in steers consuming low-
quality, cool-season forage (Exp. 1). 
 

Treatment
a
 

 Contrasts
c
, P = 

  
Con vs 

 
Supp M vs 

  Con CU CU+M DDGS DDGS+M SEM
b 

Supp M Type Type 

Intake, % of BW 
          Forage 1.41 1.51 1.39 1.56 1.52 0.52 0.06 0.04 0.03 0.25 

Supplement 0.0 0.29 0.29 0.27 0.27      
Total 1.41 1.80 1.68 1.83 1.79 0.52 <0.01 0.04 0.07 0.25 
           
Ruminal pH 6.75 6.68 6.76 6.59 6.88 0.048 0.58 <0.01 0.65 <0.01 
           
Insulin, ng/mL 4.07 3.60 3.75 3.29 3.26 0.89 0.19 0.88 0.31 0.82 
Glucose, mg/dL  58.7 63.9 62.4 59.8 54.3 2.41 0.57 0.12 0.01 0.36 
IGF-I, ng/mL 107 165 175 174 178 17.7 <0.01 0.27 0.31 0.66 
BUN, mg/dLd 9.6 24.0 23.6 12.4 14.5 2.02 <0.01 0.47 <0.01 0.30 
a  Con = control; CU = corn/urea; CU+M = CU + 200 mg of monensin; DDGS = dried distillers grains with solubles; DDGS+M = 
DDGS + 200 mg of monensin.  
b  n = 5 
c  Con vs Supp = control vs supplemented treatments; M = effect of monensin addition; Supp Type =  effect of supplement 
type; M vs Type = Interaction of monensin addition and supplement type. 
d  Plasma urea nitrogen 
 
 
Table 2. Effects of supplement type and monensin addition on cow performance, calf birth weight, and blood variables (Exp. 2). 
 

Treatment
a
 

 Contrasts
c
, P = 

  
Con vs 

 
Supp M vs 

  Con CU CU+M DDGS DDGS+M SEM
b 

Supp M Type Type 

Initial Wt., lb 1149 1155 1206 1175 1200 75.2 0.68 0.62 0.93 0.86 
Initial BCS 4.8 5.2 4.8 4.9 4.8 0.16 0.38 0.17 0.49 0.22 
Weight change, lb           

Precalving 9 100 126 185 164 21.0 <0.01 0.89 <0.01 0.26 
Postcalving -92 10 14 79 50 24.7 <0.01 0.60 0.04 0.50 

BCS change           
Precalving -0.8 -0.3 0.1 0.2 0.0 0.14 <0.01 0.41 0.10 0.02 
Postcalving -0.9 -0.6 -0.2 -0.1 0.0 0.17 <0.01 0.08 0.06 0.02 

Calf Birth Wt., lb 78.4 81.4 84.7 91.0 82.8 4.0 0.15 0.53 0.34 0.16 
Insulin, ng/mL 6.2 4.0 5.5 3.8 4.1 1.65 0.32 0.57 0.61 0.73 
Glucose, mg/dL  77.8 80.3 85.8 76.6 74.5 3.95 0.71 0.66 0.05 0.32 
IGF-I, ng/mL 25.9 44.8 47.4 53.3 60.2 6.51 <0.01 0.46 0.12 0.74 
BUN, mg/dLd 10.9 20.3 19.6 13.6 18.0 1.64 <0.01 0.27 0.02 0.13 
NEFA, mEq/Le 0.51 0.53 0.52 0.59 0.60 0.060 0.45 0.96 0.28 0.81 
a  Con = control; CU = corn/urea; CU+M = CU + 200 mg of monensin; DDGS = dried distillers grains with solubles; DDGS+M = 
DDGS + 200 mg of monensin.  
b  n = 5 
c  Con vs Supp = control vs supplemented treatments; M = effect of monensin addition; Supp Type =  effect of supplement 
type; M vs Type = Interaction of monensin addition and supplement type. 
d  Plasma urea nitrogen 
e Non-esterified fatty acids 
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Conclusions 
 

This research supports our hypothesis that, 

independent of supplement type, supplemental 

monensin would decrease intake of low-quality, cool 

season forage while maintaining performance 

compared with no monensin.  We did observe 

monensin addition to CU resulted in improved cow 

BCS change (pre- and post-calving) compared to no 

change when monensin was added to the DDGS 

supplement.  Therefore, inclusion of monensin into 

supplements for beef cattle consuming low-quality, 

cool season forages, can be a management strategy 

to reduce forage intake while maintaining 

performance.  Also, based on cow BCS change, 

starch-based supplements (e.g. corn, barley, wheat, 

etc.) may benefit more from monensin addition than 

non-starch-based supplements. 
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Synopsis 
 

Serum lipid profiles differ depending on the type 

of future disease: cows that later developed mastitis 

had lower levels of ultra-long-chain saturated non-

esterified fatty acids and cows that later developed 

retained placenta had lower levels of 

polyunsaturated esterified fatty acids.  Lipid profiles 

may assist in early detection of mastitis and retained 

placenta for prevention and early treatment. 

 

Summary 
 

Mastitis and retained placenta are two of the most 

common and costly diseases in early lactation, 

making prevention and early treatment a priority.  

Early disease indicators may assist in detection of 

mastitis and retained placenta and, thereby, greatly 

reduce morbidity and economic losses associated with 

mastitis and retained placenta.  Lipids are well suited 

as early indicators because they play a role in 

infections and placenta expulsion.  Lipidomics using 

liquid chromatography combined with mass 

spectrometry-based techniques provides a global 

analysis of lipids and thus are well suited for 

biomarker discovery.  To identify early predictive 

biomarkers, we used a nested case-control design and 

compared serum lipid levels of healthy cows 3, 2, and 

1 week before calving and at calving of three groups 

of cows that either developed after calving retained 

placenta (n=8), mastitis (n=8), or remained healthy  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(n=9). We identified 5,757 features, with over 300 

being different between groups.  At each of the four 

sampling times, lipid profiles separated the three cow 

groups.  Cows that later developed mastitis had 

lower levels of ultra-long-chain saturated non-

esterified fatty acids and cows that later developed 

retained placenta had lower levels of 

polyunsaturated esterified fatty acids.  We conclude 

that lipid profiles may assist in early detection of 

mastitis and retained placenta for prevention and early 

treatment.  

 
Introduction 

 

Shortly after giving birth, cows, especially older 

cows, are vulnerable to infections and metabolic 

disorders, two of the most common are mastitis and 

retained placenta (USDA, 2009).  Mastitis is not 

only the most prevalent disease in dairy cows, 

affecting approximately 16.5% of U.S. dairy cows, 

but also the most costly disease in dairy cows with 

annual costs in the U.S. of $2 billion with an average 

of $171 per cow (Kelton et al., 1998; USDA, 2009).  

Retained placenta, i.e. failure to expel fetal 

membranes within 24 h, affects approximately 7.8% 

of U.S. dairy cows with an average of $285 per 

cows. Moreover, RP is a “gateway” disease, which 

increases the risk of other diseases, specifically 

metritis and ketosis.  Therefore, prevention and early 

treatment of mastitis and retained placenta are a 

priority.  Early disease indicators may assist in 

BEEF139 

Identification or Early Indicators of Bovine Mastitis and 

Retained Placenta Using Lipidomics
1
 

G. Bobe2, F. Zandkarimi3, C. S. Maier4 

 
Page 6

http://beefcattle.ans.oregonstate.edu/
mailto:gerd.bobe@oregonstate.edu
mailto:zandkarf@science.oregonstate.edu
mailto:claudia.maier@oregonstate.edu


Identification or Early Indicators of Bovine Mastitis and Retained Placenta Using Lipidomics 
 
detection of mastitis and retained placenta and, 

thereby, greatly reduce morbidity and economic 

losses associated with these disease. 

The focus of my research group is early 

detection and prevention of diseases in dairy cows.  

Serum lipids are well suited as potential biomarkers 

because lipids are involved in the onset of 

inflammation and can modify the inflammatory 

response.  Lipidomics combining liquid 

chromatography with mass spectrometry-based 

techniques is a novel research tool to determine lipid 

profiles in biospecimen.  Mass spectrometry-based 

techniques have been successfully used to identify 

early disease markers in other species, but have been 

used only in one study for biomarker identification 

in dairy cows (Hailemariam et al., 2014). 

To the best of our knowledge, we are the first to 

report untargeted lipidomic profiling of bovine 

serum lipids.  We applied lipidomic profiling to 

discover early serum indicators of bovine mastitis 

and retained placenta.  To accomplish our objective, 

we compared, using a nested case-control design, 

serum lipids at 21, 14, and 7 days before calving and 

at calving between cows that remained healthy with 

those that developed mastitis or retained placenta 

after calving. 

 

Materials and Methods 
 

The study was conducted on a 1,000-head 

commercial dairy farm in Oregon’s Central 

Willamette Valley during Spring and Summer 2010.  

We only collected blood samples and monitored the 

health of purebred pregnant Holstein cows that had 

completed ≥ 1 lactation, were free of diseases, and 

had a body condition score of  ≥ 3.0 at the start of 

the study.  The cohort consisted of 161 multiparous 

Holstein cows (upcoming parity 2 to 7).  Using a 

nested case-control design, we identified cows that 

developed mastitis (n=8), retained placenta (n=8) or 

remained healthy (n = 10) during the first 28 

days after calving. Cows were matched based on 

parity and calving season. 

During the last 4 weeks before expected calving, 

cows were housed in a straw-bedded free stall barn 

and were fed once in the morning (7:30 AM) a total 

mixed ration based on corn, corn silage, and alfalfa 

and triticale hay, which met National Research 

Council (NRC) guidelines (NRC, 2001).  After 

calving, healthy cows stayed the first two days in the 

hospital pen and then for 4 weeks in the early 

lactation pen.  Cows diagnosed with diseases were 

moved back to the hospital pen for treatment.  Cows 

were fed around 8:00 AM and 1:30 PM a total 

mixed ration based on corn, corn silage, and alfalfa 

hay, which met NRC guidelines (NRC, 2001). 

During the study period, cows were monitored 

daily for abnormal milk, gait, appetite, general 

appearance, alertness, vaginal discharge, and 

retained placenta.  Uterine discharge and milk 

somatic cell scores were checked twice per week.  

Urinary ketones and body temperature were checked 

if cow appeared not healthy, which included 

depressed feed intake (all cows were monitored if 

they consumed feed), lethargy, cold ears, and rapid 

body condition score loss.  Diseases were diagnosed 

and treated based on Standard Operating Procedures 

developed by the Oregon State University veterinary 

staff and consistent with standard of care veterinary 

practices.  Diagnosis and treatment of diseases was 

done by the herd manager, who was trained and 

supervised by the Oregon State University 

veterinarian.  The veterinarian visited at least once 

per week to supervise diagnosis and treatment of 

diseases. 

Blood samples were taken at 21 (24 to 18), 14 

(17 to 11), 7 (10 to 5) days before calving and in the 

morning after calving within 10 min after morning 

feeding.  Blood (5 to 8 mL) was obtained from the 

coccygeal vein or artery in 10 mL serum vacutainer 

tubes (BD Vacutainer
®
 Plus Plastic Serum Tubes, 

BD Diagnostics, Franklin Lakes, NJ), placed on ice, 

and transported to the laboratory, where serum was 

separated by centrifugation at room temperature for 

20 minutes.  Serum samples were stored at -20°C 

until chemical analysis.  

Lipids were separated from 80 μL of serum 

samples following protein precipitation with 240 µL 

chilled isopropyl alcohol (1:3 v/v) containing non-

endogenous lipid standards with final concentrations 

of 1 mg/L.  Total lipid profiling analysis was 

performed on an Acquity UPLC I class system 

(Waters, Milford, MA, USA) coupled to a Synapt 

G2 HDMS mass spectrometer (Waters, Manchester, 

U.K.).  Chromatographic separations were carried 

out on an Acquity HSS T3 column, 150
◦
A, 1.8 μm 

(particle size), and 2.1 mm × 30 mm (Waters, 

Milford, MA).  Column temperature was held at 55 

°C.  After separation by UPLC, global lipid profiling 

was performed using a Synapt G2 mass spectrometer 

(Waters, Manchester, U.K.).  The mass spectral data 

was acquired from m/z 50 to 1200 in both positive 

and negative electrospray ionization modes.  A 

capillary voltage and sampling cone voltage of (±) 

2.5 kV and (±) 35 V were used, respectively, for 

both polarities.  The source and desolvation 
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temperature were kept at 100 °C and 400 °C, 

respectively.  Nitrogen was used as desolvation gas 

with a flow rate of 650 L/hr in the positive 

ionization mode, and 750 L/hr in the negative 

ionization mode.  Data was collected in MS and 

IMS-MS
E
 (HDMS

E
) acquisition modes in both 

polarities.  Data acquisition was performed in 

MassLynx software (version 4.1) in centroid
 
mode.  

Data extraction entailed peak picking, retention time 

alignment, and grouping and was performed with 

XCMS (various forms (X) of chromatography mass 

spectrometry) package (version 1.39.4) in R (version 

3.1.2) environment.  Putative feature identification 

was obtained by searching monoisotopic masses 

against the LipidMaps, Human Metabolome 

Database (HMDB), and METLIN databases, with a 

mass tolerance of 5 ppm.  Isotopic patterns, the 

retention time, and our in-house database provided 

additional confirmation to narrow down putative 

matches.  Fragment ion information obtained by 

UPLC-HDMS
E 

analysis was used for structural 

elucidation of assigned lipids.  The alignment of low 

and elevated energy spectra was performed in MS
E
 

data viewer (version 1.0). 

Univariate and multivariate statistical analysis 

were performed using MetaboAnalyst (version 2.0; 

Wishart Research Group, University of Alberta, 

Edmonton, Alberta, Canada) and GraphPad prism 

6.02 (GraphPad Software, La Jolla, CA).  Principle 

component analysis (PCA) and partial least squares 

discriminant analysis (PLS-DA) were applied to the 

processed log-transformed and auto-scaled data 

using MarkerView software (Applied 

Biosystems/MDS Sciex; Foster City, CA).  After 

natural log transformation of the data to achieve 

normality, data were analyzed as repeated-measures-

in-time ANOVA study using the PROC MIXED 

procedure of SAS version 9.2 (SAS Institute, 2009).  

Repeated measures within cow were modeled using 

the heterogeneous first-order autoregressive 

variance-covariance matrix (REPEATED 

STATEMENT).  Fixed effects were group (Healthy, 

Mastitis, Retained Placenta), sampling time (21, 14, 

and 7 days before calving and at calving), and the 

interaction between group and sampling time. To 

obtain the correct degrees of freedom, the 

KENWARDROGER option was invoked.  Values 

presented in the figures 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 
 

During the 15-minute retention time window, 

5,573 spectral features were detected in both positive 

and negative ionization modes with over 300 being 

different between groups.  For putative lipid 

identification, monoisotopic masses were searched 

against the in house library and online databases 

(LipidMaps, HMDB, and METLIN) with a mass 

tolerance of 5 ppm.  Based on retention time, 

accurate mass, isotopic patterns, and comparing the 

theoretical and the experimental fragmentation 

patterns, we assigned 203 individual molecular 

lipids to be phosphatidylcholines (n=41), 

phosphatidylethanolamines (n=24), 

phosphatidylinositols (n=10), phosphatidylserines 

(n=21), sphingomyelins (n=19), 

lysophosphatidylcholines (n=12), 

lysophosphatidylethanolamines (n=10), 

lysophosphatidylinositols (n=1), diacylglycerols 

(n=2), triacylglycerols (n=23), cholesterol-esters 

(n=4), ceramides (n=12), and non-esterified fatty 

acids (n=24). 

Using multivariate, partial least squares-

discriminant analysis (PLS-DA), we compared 

signal intensities of extracted features of healthy, 

mastitis, and retained placenta cows at each 

sampling time (21, 14, and 7 days before calving and 

directly after calving).  As shown in Figure1, PLS-

DA score plots depict distinguishable clustering of 

healthy, mastitis, and retained placenta cows at each 

sampling time.  Similarly, Hailemariam et al. (2014) 

showed at 4 and 1 week before calving 

distinguishable clustering (by PLS-DA score plots) 

of targeted plasma metabolites of cows that were 

sick and cows that were healthy in early lactation.  

We conclude that serum lipid profiles differ between 

cows before the onset of clinical disease and can 

distinguish between cows that remain healthy, 

develop mastitis, or develop retained placenta. 

As next step, we examined the data for serum 

lipids that were unique for each disease group.  As 

shown in Figure 2, mastitis cows had during the 

sampling period lower signal intensities of saturated 

non-esterified fatty acids (NEFA) that were at least 

20 carbon-chains long than healthy cows (P=0.0005) 

and retained placenta cows (P=0.05).  Ultra-long 

chain NEFA levels remained relatively stable until 

calving; in contrast, total NEFA concentrations 

increased until calving, with greater increases being 

observed in cows that subsequently developed 

mastitis or retained placenta (results not shown). 

Future research is warranted to examine the source 
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and role of ultra-long chain NEFA in the etiology of 

bovine mastitis. 

As shown in Figures 3 and 4, retained placenta 

cows tended to have during the sampling period 

lower signal intensities of triacylglycerols (TAG) 

with at least 4 double-bonds than healthy cows 

(P=0.08) and mastitis cows (P=0.0006) and tended 

to have lower signal intensities of 

phosphatidylserines (PS) with at least 4 double-

bonds than healthy cows (P=0.005) and retained 

placenta cows (P=0.06). Fatty acids with multiple 

double-bonds play an important role in inflammation 

and expulsion of the placenta. Therefore, the lower 

abundance of esterified fatty acids with multiple 

double-bonds may not only be an early risk indicator 

of retained placenta but may also play a role in the 

etiology of retained placenta. 

 
 
 

Figure 1.  Partial Least-Squares-Discriminant Analysis (PLS-DA) of serum lipids from healthy dairy cows that remained 
healthy or developed in early lactation mastitis or retained placenta.  Serum samples were collected A) 21 days before calving, 
B) 14 days before calving (14), C) 7 days before calving (7), and D) at calving (0).  PLS-DA score plots display time-dependent 
clustering of the three groups prior to disease onset, indicating that lipid profiles could serve as early disease risk indicators 
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Figure 2.  Abundance of serum ultra-long chain saturated 
non-esterified fatty acids (NEFA) of at least C20:0 of 
healthy dairy cows that remained healthy or developed 
mastitis or retained placenta in early lactation.  Serum 
samples were collected 21 days before calving (21), 14 
days before calving (14), 7 days before calving (7), and at 
calving (0).  Prior to disease onset, mastitis cows had lower 
ultra-long chain saturated NEFA levels than healthy cows 
(P=0.0005) and retained placenta cows (P=0.01), which 
could serve as mastitis risk indicator. 

 

 
Figure 3.  Abundance of serum triacylglycerols (TAG) with 
4 double-bonds of healthy dairy cows that remained 
healthy or developed mastitis or retained placenta in early 
lactation.  Prior to disease onset, retained placentas cows 
tended to have lower TAG levels with 4 double-bonds than 
healthy cows (P=0.08) and mastitis cows (P=0.0006), 
which could serve as retained placenta indicator. 
 

Conclusions 
 

Mastitis and retained placenta are economically 

important diseases in dairy cows, substantially 

limiting profits.  Lipid profiling can detect cows at 

increased risk of developing mastitis and retained 

placenta and may assist in early detection for 

prevention and early treatment. 
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Figure 4.  Abundance of serum phosphatidylserines (PS) 
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tended to have lower PS levels with 4 double-bonds than 
healthy cows (P=0.005) and mastitis cows (P=0.06), which 
could serve as retained placenta indicator. 
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Synopsis 
 

Two hormone dosing strategies used to 

superovulate donor cows for embryo transfer were 

evaluated. Cows superovulated with the standard 

dose of 400 mg follicle stimulating hormone (FSH) 

produced more ova compared to the reduced dose of 

200 mg but the reduced dose yielded a greater 

percentage of transferable embryos. Embryos 

recovered from cows superovulated with 200 mg 

FSH developed to more advanced cell stages and 

produced more plasminogen activator, an enzyme 

linked to embryo viability, than embryos from cows 

treated with 400 mg FSH. Although the total number 

of transferable embryos recovered was reduced by 

1.6 embryos using the reduced FSH dose, the cost 

per transferable embryo was less with 200 vs. 400 

mg FSH ($16 vs. $23 per embryo, respectively). 

 

Summary 
 

The specific aim of this research was 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 

transferable embryos. We proposed to reduce the FSH 

dose by half and double the gonadotropin-releasing 

hormone (GnRH) dose.  In the first experiment, 24  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

crossbred beef cows from the Oregon State University 

Beef Cattle Ranch were assigned to one of four 

treatments: 1) 400mg FSH and 100µg GnRH, 2) 

400mg FSH and 200µg GnRH, 3) 200mg FSH and 

100µg GnRH, or 4) 200mg FSH and 200µg GnRH. 

Embryos were collected non-surgically 7 d after 

estrus onset and scored for developmental stage and 

quality. Dose of GnRH had no significant effects on 

the average numbers of ova, embryos and 

transferable embryos recovered nor did it have an 

effect on the percent embryos and transferable 

embryos recovered. However, twice as many ova 

were recovered from cows treated with 400 

compared to 200mg FSH but the percentage of 

transferable embryos of the total number of ova 

recovered was greater with 200 compared to 400mg 

FSH. Both high doses of FSH and GnRH increased 

the number of unfertilized ova (UFOs) recovered. In 

the second experiment, 12 crossbred beef cows from 

the Oregon State University Beef Cattle Ranch were 

assigned to one of two treatments: 1) 400mg FSH 

and 100µg GnRH or 2) 200mg FSH and 100µg 

GnRH. Embryos were collected as described in 

Experiment 1. Good to excellent quality late morulae 

to blastocysts were cultured, one embryo per 15 

microliter drop, for 8 days to evaluate overall 

development in vitro and quantify plasminogen 

BEEF140 
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activator production, an enzyme indicator of embryo 

viability. Embryos recovered from cows receiving 

200mg FSH developed to more advanced cell stages 

and produced more plasminogen activator compared 

to embryos recovered from cows receiving 400mg 

FSH. These data suggest that although the high FSH 

dose generated more total ova, many were neither 

fertilized nor transferable. Reduced FSH dosing was 

also cost-effective. Drug costs to produce transferable 

embryos were $16 vs. $23 per embryo for cows 

superovulated with 200 vs. 400mg FSH, respectively.  

 
Introduction 

 

Embryo transfer is an applied reproductive 

technology that has been used to improve herd 

genetics and female reproductive efficiency and 

propagate offspring from elite sire-dam matings (Bó 

and Mapletoft, 2013). Although the technique is 

commonly referred to as “embryo transfer”, the 

“transfer” part is only the latter half of the 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 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, FSH. Costs 

associated with FSH are high and with the current 

standard dosing it costs at least $150 in FSH alone to 

superovulate one donor (Armstrong, 1993). Besides 

the high cost, overstimulation of the ovaries by FSH 

occurs reasonably frequently and is counterproductive 

to both the numbers of total ova and transferrable 

embryos recovered. 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 

transferable embryos can be recovered. Often 

practitioners will administer a second hormone, 

GnRH, when the donor first exhibits heat. The notion 

behind this injection is to increase the number of ova 

ovulated thereby increasing the total number of 

embryos produced and collected from a donor within 

a round of superovulation. Despite the frequency of 

GnRH use in these protocols, a clear benefit of the 

GnRH injection to improving overall embryo 

production has not been realized. The lack of a clear 

response may be due to either the variation associated 

with superovulatory responses making it difficult to 

detect differences or insufficient dosing of GnRH. It 

may well be that in our attempts to increase ovulation 

rate, we are actually “under-dosing” donors with the 

current GnRH dosing strategy. Therefore, the 

objective of this study was to evaluate the number and 

quality of embryos recovered from donor cows 

superovulated with reduced dosing of FSH and 

increased dosing of GnRH. We hypothesized the 

reduced dose of FSH and the higher dose of GnRH 

would yield less total ova but a greater percentage of 

transferrable embryos. 

 

Materials and Methods 
 

Experiment 1:  Twenty-four crossbred beef 

cows from the Oregon State University Beef Cattle 

Ranch were stratified into one of four treatment 

groups according to age and parity: 1) 400mg FSH 

and 100µg GnRH, 2) 400mg FSH and 200µg GnRH, 

3) 200 mg FSH and 100µg GnRH, or 4) 200mg FSH 

and 200µg GnRH. All cows were estrous 

synchronized and superovulated following the 

protocol described in Figure 1 with the exception 

that cows in the 200mg FSH treatments received 

eight 25mg doses twice daily instead of eight 50mg 

doses. Estrus detection commenced 24 h after the 

second injection of Lutalyse and cows were 

artificially inseminated with one straw of frozen bull 

semen at 0, 12 and 24 h after onset of estrus. At 

onset of estrus, cows were injected with 100 or 

200µg of GnRH depending on treatment assignment. 

Embryos were collected non-surgically 7 d after 

estrus onset and scored for developmental stage and 

quality using the four rank grading scheme devised 

by Lindner and Wright (1983).  

 

 
Figure 1. Double injection Lutalyse and FSH protocol for 
estrous synchronizing and superovulating donor cows for 
embryo collections. 
 

Experiment 2:  Twelve crossbred beef cows 

from the Oregon State University Beef Cattle Ranch 

were superovulated with either 1) 400mg FSH and 

100µg GnRH or 2) 200mg FSH and 100µg GnRH. 

Embryos were collected non-surgically as described 

in Experiment 1 and good to excellent quality late 

morulae to blastocysts were cultured, one embryo 
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per 15 microliter drop, for 8 days. At 24h intervals 

embryos were evaluated for viability and overall 

development and transferred to a fresh micro-drop. 

Conditioned media were recovered for quantifying 

plasminogen activator. Plasminogen activator is an 

enzyme produced by vigorously developing embryos 

and is correlated with embryo cell number and 

development to advanced cell stages. Embryonic 

plasminogen activator production was determined 

via a caseinolytic agar gel assay with human 

urokinase as the standard.  

Statistical analyses:  For Experiment 1, 

differences in the total numbers of ova, embryos, 

transferable embryos and unfertilized ova and the 

percent embryos, transferable embryos and 

unfertilized ova (UFOs) of the total ova recovered 

were analyzed using analysis of variance (ANOVA) 

for a 2 X 2 factorial design. Sources of variation in 

the ANOVA were FSH dose (200 or 400 mg), 

GnRH dose (100 or 200 µg) and the FSH X GnRH 

interaction. If significant effects were observed in 

the ANOVA, differences between means were 

evaluated using Fisher’s least significant differences 

procedures.  

For Experiment 2, differences in the total 

numbers of ova, embryos, transferable embryos and 

unfertilized ova and the percent embryos, transferable 

embryos and unfertilized ova (UFOs) of the total ova 

recovered were analyzed using one-way ANOVA 

where the source of variation was FSH dose (200 or 

400 mg). Differences in the times required for 

embryos to reach a particular cell stage due to FSH 

dose were also analyzed by one-way ANOVA. 

Differences in PA production by cultured embryos 

were analyzed by repeated measures ANOVA where 

FSH dose, time in culture and the FSH dose X time 

in culture interaction were the sources of variation. 

If significant effects were observed in the ANOVA, 

differences between means were evaluated using 

Fisher’s least significant differences procedures. 

Differences in the percentages of embryos 

developing to a particular cell stage due to FSH dose 

were determined using Chi-square procedures.  

All analyses were performed using the NCSS 

statistical software program (Number Cruncher 

Statistical System; 2000, Jerry Hintze, Kaysville, 

UT). 

 
Results 

 

Experiment 1:  Mean number of ova collected 

was less (P = 0.08) for cows treated with 200 vs. 400 

mg FSH (4.7 + 2.5 vs. 10.5 + 1.9, respectively), 

however no difference (P > 0.10) was observed for 

cows treated with 100 or 200 µg GnRH (8.5 + 2.0 

vs. 8.2 + 2.3, respectively) (Figure 2). The FSH X 

GnRH interaction was not significant. Mean number 

of embryos recovered was not different (P > 0.10) 

between cows treated with 200 vs. 400 mg FSH (4.1 

+ 2.0 vs. 7.8 + 1.5, respectively) and no difference 

(P > 0.10) was observed for cows treated with 100 

vs. 200 µg GnRH (7.7 + 1.6 vs. 4.6 + 1.8, 

respectively). The FSH X GnRH interaction was 

also not significant. Mean number of transferable 

embryos recovered was not different (P > 0.10) 

between cows treated with 200 vs. 400 mg FSH (3.6 

+ 1.5 vs. 5.5 + 1.1, respectively) and no difference 

(P > 0.10) was observed for cows treated with 100 

vs. 200µg GnRH (5.8 + 1.2 vs. 3.4 + 1.4, 

respectively). The FSH X GnRH interaction was not 

significant. Mean number of UFOs collected was 

less (P = 0.07) for cows treated with 200 vs. 400 mg 

FSH (0.6 + 1.0 vs. 2.8 + 0.8, respectively) and fewer 

(P = 0.06) UFOs were recovered from cows treated 

with 100 vs. 200 µg GnRH (0.7 + 0.8 vs. 3.6 + 0.9, 

respectively) (Figure 3). The FSH X GnRH 

interaction was not significant. 

 
Figure 2. Mean numbers of ova recovered from cows 
superovulated with two doses of FSH and GnRH. 
 

Mean percentages of embryos recovered was not 

different (P > 0.10) between cows treated with 200 

vs 400 mg FSH (88.6 + 11.0% vs 72.8 + 8.4%, 

respectively) and no difference (P > 0.10) was 

observed for cows treated with 100 vs 200µg GnRH 

(89.0 + 8.8 vs 72.4 + 10.3%, respectively). The FSH 

X GnRH interaction was also not significant. Mean 

percentage of transferable embryos recovered was 

greater (P < 0.05) for cows treated with 200 vs 400 

mg FSH (81.6 + 10.5 vs 52.9 + 8.0%, respectively), 

however no difference (P > 0.10) was observed 

between cows treated with 100 vs 200 µg GnRH 

(75.5 + 8.4 vs 59.1 + 9.8%, respectively) (Figure 4). 
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The FSH X GnRH interaction was not significant. 

Mean percentage of unfertilized ova was not 

different (P > 0.10) between cows treated with 200 

vs 400 mg FSH (11.3 + 11.0 vs 27.2 + 8.4%, 

respectively) and no difference (P > 0.10) was 

observed between cows treated with 100 vs 200 µg 

GnRH (11.0 + 8.8 vs 27.6 + 10.3%, respectively). 

The FSH X GnRH interaction was also not 

significant.  

 

 
Figure 3. Mean numbers of unfertilized ova (UFOs) 
recovered from cows superovulated with two doses of 
FSH and GnRH. 
 

 
Figure 4. Mean percent transferable (trans) embryos 
recovered from cows superovulated with two doses of 
FSH and GnRH. 
 

Reduced FSH dosing yielded fewer total 

transferable embryos (1.6 embryos) but a greater 

percentage of transferable embryos at a reduced 

(2/3) cost (Table 1). Increased GnRH dosing had a 

negative effect on transferable embryos and the 

reduced FSH and increased GnRH dosing was not 

cost effective (Table 1).  
 

Experiment 2:  No significant differences were 

observed in the mean numbers of ova, embryos, 

transferable embryos, degenerate embryos and 

unfertilized ova collected from cows superovulated 

with 200 vs. 400 mg FSH (data not shown). 

Likewise, no differences (P > 0.10) were detected in 

the percentages of embryos, transferable embryos, 

degenerate embryos and unfertilized ova of the total 

ova collected from cows superovulated with 200 vs. 

400 mg FSH (data not shown). More (P = 0.09) 

embryos reached the hatched blastocyst stage from 

cows treated with 200 vs. 400 mg FSH (Figure 5). 

No differences (P > 0.10) were observed among 

embryos in the times required to develop to a 

particular cell stage due to FSH dose (Figure 6). 

Embryos collected from cows receiving 200 mg 

FSH produced significantly more plasminogen 

activator, especially at 96 h of culture, compared to 

embryos recovered from cows receiving 400 mg 

FSH (Figure 7). 

 
Table 1. Mean numbers of transferable embryos and 
costs per embryo recovered ($) from donor cows 
superovulated with 200 or 400 mg FSH and 100 or 200 µg 
GnRH. 

  

 

 
Figure 5. Effects of superovulating donor cows with 200 or 
400 mg FSH on embryo development to the expanded 
(XBl), initiating hatching (IHBl), hatched (HBl) and 
attached blastocyst (ABl) stages. 

 

Conclusions 
 

Although cows superovulated with the standard 

doses of FSH (400 mg) and GnRH (100 µg) 

produced more total ova, many were either 

unfertilized or, if fertilized, not transferable 

embryos. Embryos recovered from cows 
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superovulated with 200 mg FSH developed to more 

advanced cell stages and produced more 

plasminogen activator than embryos recovered from 

cows treated with 400 mg FSH. These data suggest 

that the higher dosing is likely inducing ovulation of 

poorer quality ova which either fail to fertilize or, if 

fertilization occurs, fail to generate competent 

embryos. Producers using embryo transfer in their 

herds should consider using reduced dosages of FSH 

for superovulating donor cows because embryo 

viability after collection is compromised with the 

higher doses. One strategy may be to start donors on 

a reduced dose of FSH then adjust to a higher dose 

as the superovulatory response is observed to 

decrease. The reduced FSH dose not only contributes 

to a reduced cost but also extends the longevity of a 

cow to serve as a donor. 

 

 
Figure 6. Times (h) required for embryos recovered from 
cows treated with 200 or 400 mg FSH to develop to the 
expanded (XBl), initiating hatching (IHBl), hatched (HBl) 
and attached blastocyst (ABl) stages. 
 

 
Figure 7. Plasminogen activator (PA) production (IU/ml) in 
conditioned medium from embryos recovered from donor 
cows superovulated with 200 or 400 mg FSH. 
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Synopsis 
 

Management to increase cow body condition 

score during gestation benefits weaning weight of the 

offspring. 

 

Summary 
 

This experiment evaluated the importance of cow 

nutritional status [body condition score (BCS) 4 or 6] 

and timing of nutritional intervention (increase BCS 

from 4 to 6) during gestation on productive 

parameters of the in utero offspring. Three hundred 

mature beef cows from the EOARC Burns were 

assigned to a fixed-time artificial insemination 

protocol using same from a single sire. Thirty days 

after AI, cows were evaluated for BCS and pregnancy 

status, and 100 pregnant cows were selected for the 

experiment. Within these 100 cows, 20 cows had 

BCS of approximately 6 and 80 cows had BCS of 

approximately 4. Cows were assigned to 5 nutritional 

managements: 1) cows with BCS 6 at pregnancy 

diagnosis were managed to maintain BCS 6 until 

calving (PC), 2) cows with BCS 4 at pregnancy 

diagnosis were managed to maintain BCS 4 until 

calving (NC), 3) cows with BCS 4 at pregnancy 

diagnosis were managed during the first trimester of 

gestation to achieve and maintain BCS 6 until calving 

(T1), 4) cows with BCS 4 at pregnancy diagnosis 

were managed during the second trimester of 

gestation to achieve and maintain BCS 6 until calving  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

(T2), 5) cows with BCS 4 at pregnancy diagnosis 

were managed during the third trimester of gestation 

to achieve and maintain BCS 6 until calving (T3). 

During the first and second trimester of gestation, 

cows were maintained at the Northern Great Basin 

Experimental Range (NGBER, Riley, OR) grazing 

semiarid range pastures. During the third trimester of 

gestation and calving season, cows were maintained 

at the EOARC Burns, but returned to the NGBER 

after calving. During the calving season, calves were 

weighed immediately upon calving. Approximately 

60 days after the end of the calving season, cow milk 

production was estimated by the weigh-suckle-weigh 

method. Calf body weight was collected at weaning. 

No differences were detected for calving rate and calf 

birth weight (P ≥ 0.46). Cow milk production was 

also similar among treatments (P = 0.42). Weaning 

rate and calf age at weaning were also similar among 

treatments (P ≥ 0.14). However, calf weaning weight 

was greater (P ≤ 0.05) for cows that gained BCS 

during gestation (T1, T2, e T3 = average 581 lbs) 

compared with cows that did not gain BCS during 

gestation (PC and NC = average 554 lbs). In addition, 

calf weaning weight was similar (P = 0.65) between 

PC and NC cows (552 vs. 557 lbs). These results 

indicate that cows should gain BCS during gestation 

to optimize offspring weaning weight and overall 

efficiency in cow-calf systems. 

 

 

 

BEEF143 

Impacts of Cow Nutritional Management During Gestation 

on Performance of the Offspring
1
 

R. S. Marques2, R. F. Cooke2, P. Moriel3, and D. W. Bohnert3 

 
Page 16

http://beefcattle.ans.oregonstate.edu./
mailto:reinaldo.cooke@oregonstate.edu


Cow Nutritional Management During Gestation 
 

Introduction 
 

The impacts of maternal nutrition on future 

offspring performance are mainly attributed to the 

availability of nutrients during critical periods of 

fetal growth (Funston et al., 2010). However, all the 

information available to date within this subject are 

still confusing, and research is still required to 

develop proper nutritional management for gestating 

beef cows to maximize offspring productivity.  

Research from the OSU-EOARC (Bohnert et al., 

2012; funded by the Oregon Beef Council in 2008), 

evaluated performance of the progeny from pregnant 

cows managed to attain body condition score (BCS) 

6 (adequate nutrition) or 4 (inadequate nutrition) 

during the last trimester of gestation. Calving and 

weaning rates were, respectively, 90% and 88.3% 

for BCS 4 cows, and 100% and 99.1% for BCS 6 

cows, demonstrating that inadequate nutrition during 

late gestation reduces the birth and weaning of live 

calves. Further, calves born from BCS 6 cows were 

heavier at weaning (418 vs. 405 lbs). These 

increases in weaning rate and productivity resulted 

in U$ 72 increase in net return per BCS 6 cow if 

calves were sold at weaning.   

However, in this study (Bohnert et al., 2012), 

cows were supplemented or nutrient-deprived during 

mid-gestation to achieve BCS 6 or 4 during the last 

trimester of gestation, respectively. Therefore, it is 

unknown if the advantages reported for BCS 6 cows 

were due to their adequate BCS during late 

gestation, supplementation during mid-gestation, or 

a combination of both. It is also important to 

consider changes in cow nutritional requirements 

during gestation when developing nutritional 

programs to exploit offspring performance. Cow 

nutritional requirements are the lowest during mid-

gestation, when cows are non-lactating (upon 

weaning) and fetal growth is still marginal.  

Consequently, supplementation to increase BCS and 

ensure adequate nutritional status is more efficient 

and economically viable in non-lactating beef cows 

during mid-gestation compared with lactating 

cohorts or cows in the last trimester of the 

pregnancy.  

Based in this rationale, this experiment evaluated 

the importance of cow BCS and timing of BCS 

increase (from 4 to 6) during gestation on productive 

parameters of the in utero offspring.  

 

Materials and Methods 
 

Three hundred Angus × Hereford multiparous 

and lactating cows were assigned to a fixed-timed 

artificial insemination (AI) protocol using semen 

from a single Angus sire. Thirty days after AI, cows 

were evaluated for BCS and pregnancy via transrectal 

ultrasonography, and 100 cows diagnosed as pregnant 

were selected for the experiment. Within these 100 

cows, 20 cows had BCS of 6 and 80 cows had a BCS 

of 4. Based on cow BCS, as well as age, body weight, 

and days post-partum, cows were assigned to the 

following management schemes: 
 

1) PC (adequate nutrition during gestation): 

cows with BCS 6 at pregnancy diagnosis and 

nutritionally managed to maintain BCS 6 

until calving. 

2) NC (inadequate nutrition during gestation): 

cows with BCS 4 at pregnancy diagnosis and 

nutritionally managed to maintain BCS 4 

until calving. 

3) T1: cows with BCS 4 at pregnancy diagnosis 

and managed during the 1
st
 trimester of 

gestation to achieve and maintain BCS 6 until 

calving. 

4) T2: cows with BCS 4 at pregnancy diagnosis 

and 1
st
 trimester of gestation, and managed 

during 2
nd

 trimester of gestation to achieve 

and maintain BCS 6 until calving 

5) T3: cows with BCS 4 at pregnancy diagnosis, 

1
st
 and 2

nd
 trimesters of gestation, and 

managed during 3
rd

 trimester of gestation to 

achieve and maintain BCS 6 until calving.  
 

Cow management calendar is described in Table 

1. Cows were offered forage-based diets, but were 

supplemented with dried distillers’ grains to increase 

BCS from 4 to 6, and to maintain BCS 6.  

 
Table 1. Cow management calendar 
 

Day relative 
to AI 

Event  Herd location 

   
30 Pregnancy diagnosis  Range (NGBER) 

   

95 

Beginning of 2nd 
trimester of gestation 
+ weaning of existing 

offspring 

Range (NGBER) 

   

190 Beginning of 3rd 
trimester of gestation 

Pastures (EOARC 
Burns) 

   

285 Beginning of calving 
season 

Pastures (EOARC 
Burns) 

   

345 Cow milk production 
evaluation Range (NGBER) 

   

480 Weaning Range (NGBER) 
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Cow milk production was estimated by the 

weigh-suckle-weigh method. Calf body weight was 

recorded at birth and weaning (Table 1).  

Cow was considered the experimental unit for 

statistical analyses given that BCS was recorded and 

all cows met the BCS maintenance and change 

criteria (Table 2). 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 

 

As previously mentioned, Table 2 illustrates 

BCS change of cows within each management 

group, indicating that our treatments were successful 

in maintaining/changing cow BCS during specific 

periods of gestation. Upon calving, no differences 

were detected (P ≥ 0.46) for calving rate (% of cows 

that calved a live calf) or calf birth weight (Table 3). 

No differences were also detected for cow milk 

production (P = 0.42).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Weaning rate (% of cows that weaned a live 

calf) and calf weaning age were similar (P ≥ 0.14) 

among treatments (Table 3). Weaning weight were 

greater (P ≤ 0.05) for calves from T1, T2, and T3 

cows (average 581 lbs) compared with cohorts from 

NC and PC cows (average 554 lbs). In addition, calf 

weaning weight was similar (P = 0.65) between NC 

and PC cows, suggesting that maintaining cows at a 

stable BCS 6 during gestation does not improve 

offspring performance compared with cohorts with 

inadequate but also stable BCS 4. Collectively, these 

results indicate that cows should gain BCS during 

gestation, particularly during mid and late gestation, 

which likely increase nutrient flux to the fetus (Wu 

et al., 2006) and resulted in optimized performance 

of the offspring.  

 

Conclusions 
 

Results from this experiment indicate that cows 

should gain BCS during gestation to optimize 

offspring weaning weight and overall efficiency in 

cow-calf systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Page 18



Cow Nutritional Management During Gestation 
 

Acknowledgements 
 

This research was supported by a grant from the 

Oregon Beef Council. 

 

Literature Cited 
 

Bohnert, D. W., L. A. Stalker, R. R. Mills, A. 

Nyman, S. J. Falck, and R. F. Cooke. 2013. Late 

gestation supplementation of beef cows differing 

in BCS: Effects on cow and calf performance. J. 

Anim. Sci. 91:5485-5491. 
 

Funston, R. N., D. M. Larson, and K. A. Vonnahme. 

2010. Effects of maternal nutrition on conceptus 

growth and offspring performance: Implications 

for beef cattle production. J. Anim. Sci. 

88:E205-E215 
 

Wu, G., F. W. Bazer, J. M. Wallace, and T. E. 

Spencer.  2006.  BOARD-INVITED REVIEW: 

Intrauterine growth retardation: Implications for 

the animal sciences.  J. Anim. Sci.  84:2316-

2337 

 

 
Page 19



 

1. This document is part of the Oregon State University – 2015 Oregon Beef Council Report. Please visit the Beef Cattle Sciences 

website at http://beefcattle.ans.oregonstate.edu. 

Oregon Beef Council 
Report 

 
  

Oregon State University 
 
 
 
 
 

    Beef Cattle Sciences 

 
 
 
Peripartal Vitamin E injections prevent diseases in early lactation dairy cows 
 

Contact Person:  Gerd Bobe 

Address:  112 Withycombe Hall - Corvallis, OR 97331 

Phone Number: (541) 737-1898 

Email: gerd.bobe@oregonstate.edu 
 

Project Objectives: The objective of the proposed study to determine whether subcutaneous injections of vitamin 

E during the transition period will prevent diseases of multiparous dairy cows. 
 

Project Start Date: October of 2015 

Expected Project Completion Date: October of 2017 
 

Project Status:  We are currently working on getting additional funding to start the experiment. The results will 

be published as update 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. 

 
Development of an enhanced cattle embryo transfer medium to improve 
pregnancy rates in embryo transfer recipients 

 

Contact Person: Alfred R. Menino, Jr              

Address: Department of Animal and Rangeland Sciences, Oregon State University; Corvallis, OR 97331 
Phone Number: (541) 737-3011 

Email:  alfred.r.menino@oregonstate.edu  
 

Project Objectives: The objective of the proposed research is to evaluate conception rates in recipients receiving 

embryos strawed and transferred in our modified formulation of the embryo transfer medium (METM) compared 

to embryos strawed and transferred in the conventional embryo transfer medium (CTM).  

Our hypothesis is recipients receiving embryos strawed in our METM will have a10% increase in conception 

rate over recipients receiving embryos strawed in the CTM.  Compared to the CTM, our METM is composed of a 

nutritive tissue culture medium and devoid of serum protease inhibitors and contains plasminogen, a plasma protein 

known to enhance early embryo development.  A 10% increase in conception rate would bring a significant financial 

benefit to producers who use embryo transfer in their beef cattle operations. 
 

Project Start Date: December of 2015 

Expected Project Completion Date: November of 2017 
 

Project Status: We currently have 3 donors and 24 recipients scheduled to start this project in December 2015.  

We plan to perform the donor collections and embryo transfers in early January and anticipate collecting 

preliminary conception rate data on this first round of transfers by late February 2016.  
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Modulation of milk fat synthesis in dairy animals: a nutrigenomics approach 
 

Contact Person: Massimo Bionaz 

Address: 561 Weniger Hall, Corvallis, OR 97331 

Phone Number: (541) 737-9507 

Email: massimo.bionaz@oregonstate.edu   
  

Project Objectives: To test if the activation of PPAR in vivo increases milk fat. This will be done by a proof-of-

principle study where a drug containing a specific and potent PPAR agonist will be used in lactating Saanen 

dairy goats. The working hypothesis is that activation of PPAR by a potent synthetic agonist increases milk fat 

production in dairy animals. 
 

Project Start Date: July of 2015 

Project Completion Date:  December of 2016 
 

Project Status: the original funded project was modified as follow: a) we have used 2,4-thiazolidinedione (2,4-

TZD) instead of pioglitazone as activator of peroxisome proliferator-activated receptor gamma (PPAR) due to 

results from an in vitro experiment were we discovered that 2,4-TZD in combination with vitamin A is a potent 

activator of PPAR in goats while pioglitazone is not. For this reason we have provided the goats with an 

adequate amount of vitamin A together with a balanced ration formulated by Dr. Shelby Filley from the OSU 

Extension Service. b) Two experiments not part of the original grant were performed in combination with the 

original project. We have tested the effect of PPAR activation on the response to mastitis induction using 

Streptococcus uberis in one of the halves (the other halve was kept untouched) and, the last day before 

euthanizing the goats, we have milked the does every 2 hours for 12 hours starting from the morning milking with 

also collection of blood to study the dynamism of milk synthesis. These experiments were supported by other 

funds. 

The in vivo experiment was completed by August 19
th
 2015. Data already available: body weight (BW), BCS, 

milk yield, milk composition, and rectal temperature (the BW and the BCS were also measured in the kids). We 

have collected all the samples indicated in the grant (i.e., blood, tissues, and milk) but, in addition, we have also 

isolated from the milk mammary epithelial cells and macrophages using magnetic sorting to perform gene 

expression analysis and we have isolated neutrophils from the blood for the same purpose. We have also 

measured neutrophil phagocytosis and white blood cell differential. 

We are now in the process of extracting RNA and checking for quality before proceeding with gene 

expression analysis. In the next months we will sent to Italy the plasma and serum from the blood samples for 

analysis as indicated in the grant and we will perform HPLC analysis in plasma and milk to measure the level of 

2,4-TZD (instead of pioglitazone). Histological analyses will be performed early next year.   

 

Development of a forage value index for ryegrasses 
 

Contact Person: Troy Downing 

Address: 2204 4th St Tillamook, OR 97141 

Phone Number: (503) 842-3433 

Email: troy.downing@oregonstate.edu  
 

Project Objectives: To develop a forage value index for ryegrass cultivar ranking in the US. This index would 

include measurements for early, mid-season and autumn growth. Quality measurements weighted for energy and 

protein would also be used. 
 

Project Start Date: N/A 

Expected Project Completion Date: Spring of 2017 
 

Project Status: Twenty ryegrasses were planted in the fall of 2014 in replicated plots (60 total). Plots have been 

harvested five times so far in 2015 and will be cut once more yet this fall.  Yield was measured and samples 

analyzed for quality (300 sent to the lab so far this year). At the end of harvesting next fall, I should be on track to 

develop a forage value index for these individual varieties. I anticipate having this analyzed and written up in the 

spring of 2017. 
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Impacts of wolf predation on stress-related physiologic and psychologic 
responses in beef cattle 
 

Contact Person: Reinaldo Cooke 

Address: 67826 Hwy 205 – Burns, OR 97720 

Phone Number: (541) 573-4083 

Email: reinaldo.cooke@oregonstate.edu  
 

Project Objectives: To compare brain genomic characteristics among beef cows previously exposed or not to 

wolves (cows from EOARC Burns vs. cows from Idaho), and exposed or not to a simulated encounter with wolves 

(compare chronic vs. post-simulation acute brain characteristic) 
 

Project Start Date: March 2016 

Expected Project Completion Date: October 2016 
 

Project Status: In March 2016, we will use 10 non-pregnant, non-lactating beef cows from the EOARC Burns 

(CON cows), and purchase 10 non-pregnant, non-lactating beef cows and from a commercial cow-calf operation 

(WLF cows; located in ID). The CON cows will be 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. The 

WLF cows will be selected from a commercial operation located in an area with established wolf packs (McCall-

Weiser Wolf Management Zone), and originated from a herd that experienced multiple confirmed wolf predation 

episodes. Therefore, CON cows will be unfamiliar with wolf presence and predation, whereas WLF cows will be 

considered familiar with wolf presence and predation episodes.  

The WLF cows will be transported to the EOARC Burns 60 d prior to the beginning of the experiment (day 0). 

During this period (day -50 to d 0), CON and WLF cows will be commingled and individually processed through the 

EOARC handling facility once a week from d -60 to -2 to acclimate WLF cows to the EOARC personnel and 

facilities. On day -1, CON and WLF cows will be ranked by temperament score, BW, and BCS, and allocated to 2 

groups of 10 cows each (groups A and B; 5 CON and 5 WLF cows per group). On day 1 of the experiment, cows 

from group A will be evaluated for temperament, blood collection, and subsequently slaughtered by a USDA-

inspected processor. Upon slaughter, the entire brain will be collected. Slaughter will consist in rendering cattle 

unconscious using a Mushroom bolt stun gun followed by exsanguination to prevent brain damage, but still allow 

carcasses to be used for human consumption. On day 3 of the experiment, cows from group B will be exposed to the 

simulated wolf encounter utilized in our previous research, using auditory (recorded wolf howls), olfactory (wolf 

urine), and visual stimuli (visual contact with German Shepherds) for 20 minutes. Blood collection and temperament 

evaluation will be performed prior to and after the simulated wolf encounter. Immediately after the post-simulation 

evaluation, cows from group B will be slaughtered using the same procedures as cows from group A, whereas their 

entire brain will be collected.  

Cows from group A will be evaluated to determine if previous exposure to wolf presence/predation changes 

baseline brain features that modulate psychological disorders.  Cows from group B will be evaluated to assess acute 

changes in psychological disorder parameters upon a simulated encounter with wolves. Blood will be evaluated for 

plasma concentrations of stress and welfare responses. Brain samples will be evaluated for genomic regulation of all 

neural genes associated with psychological disorder via microarrays, which evaluates the entire bovine genome and 

indicates which genes are altered by cow source (CON and WLF) and the simulated wolf encounter. Based on this 

information, we will select 10-15 genes for real-time PCR analysis, which will directly quantifies brain genomic 

differences among CON and WLF exposed (acute changes) or not (baseline differences) to a simulated wolf 

encounter. 

Upon completion, we expect to demonstrate that wolf predation and subsequent wolf presence near cattle herds 

directly impact cattle brain function and stimulate genomic activity that lead to psychological disorder such as 

anxiety, altered behavior, and social stress similar to PTSD symptoms in humans. These results will be highly 

relevant to Oregon beef producers by providing novel information to support that wolf predation and presence not 

only impact health and productive traits in beef cattle, but also harms cattle welfare to a point that psychological 

disorders are developed. These results can be used to further document to the public the detrimental effects of wolf 

predation/presence in beef production systems, and reinforce the importance of proper wolf management in Oregon. 
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Synopsis 
 

Ongoing research related to stream temperature, 

groundwater, and vegetation interactions in riparian 

areas. 

 

Summary 
 

The objectives of this ongoing research effort 

are: 1) to better understand how stream water 

temperature is affected by the interactions between 

surface water and shallow groundwater, and; 2) to 

determine the overall effects that land and vegetation 

management practices have in stream water 

temperature and runoff/sediment generation 

processes. The project is being conducted in the 

fifteen-mile creek watershed in Wasco County.   

Multiple areas in creeks within this watershed have 

been under CREP for a good number of years, 

allowing mature riparian vegetation to establish.  

Beginning in the summer of 2014, we instrumented 

several locations to measure different water and 

weather variables along two main creeks of the 

watershed. Also, groundwater and vegetation 

information were collected. Sensors to measure 

stream temperature were placed in multiple shaded 

and non-shaded locations along upstream and 

downstream areas of the creek to determine potential 

vegetation shading effects on the temperature of the 

water in the stream. Preliminary results showed 

higher stream temperature values in a valley location 

when compared to two upstream locations. Ambient 

temperature was similar in upstream and valley  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

locations. No significant difference in stream water 

temperature was found across sensors, irrespective if 

they were located in shaded or non-shaded areas. 

Baseline results from this ongoing experiment 

indicate that water temperature in the stream, 

particularly in the valley, may be subject to other 

factors other than vegetation shading.  Intensive 

monitoring of this valley location is now underway.  

 
Introduction 

 

Accounting for non-point source pollution is of 

concern when trying to implement best management 

practices aimed to improve water quality conditions. 

Different agriculture practices have been targeted as 

sources of thermal and sediment pollution. For 

example, overland surface runoff from non-

controlled irrigation carries water that is typically 

warmer than water in the stream and that can be 

considered a source of thermal pollution. Also, 

sediments carried by overland flow that settle in the 

stream can negatively affect fish and other riparian 

species habitat.  A reduction in stream flows 

associated with increased stream water temperature 

can be detrimental for important fish species such as 

Coho salmon, Chinook salmon, and steelhead 

among others. Increases in river water temperature 

are inversely related to dissolved oxygen levels and 

that can severely affect fish species survival. Also, 

sediment transport and deposition in the stream can 

negatively affect fish spawn by reducing void space 

between gravel particles.  
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Having a better understanding of the thermal 

environment in several locations along the stream 

can help decision makers when assessing programs 

aimed to meet temperature reduction objectives 

(Larson and Larson, 2001). One of the factors that 

can affect the thermal environment of the stream is 

the confluence of groundwater with the stream. 

Groundwater temperature can be lower than stream 

water temperature, particularly during summer time 

and low flow conditions when surface water is more 

affected by direct sunlight heating. Under certain 

conditions, contributions of groundwater flow to the 

stream flow may help reducing the temperature of 

the water in the stream (Stringham et al. 1998). 

However, this will be heavily dependent on the 

amount and characteristics of the groundwater 

reaching the stream. 

Upland water sources and lower valleys can be 

hydrologically connected through surface water and 

shallow groundwater interactions, particularly in the 

forms of precipitation, runoff and infiltration in the 

upper watershed and their linkages with streamflow, 

irrigation, and aquifer recharge in the lower valleys 

(Ochoa et al 2013).  Proper understanding of surface 

water and groundwater interactions and of how these 

interactions can be impacted through agriculture 

related practices becomes critical to properly address 

concerns related to water quality.  The objectives of 

this three-year ongoing research effort are: 1) to 

better understand how stream water temperature is 

affected by the interactions between surface water 

and shallow groundwater, and; 2) to determine the 

overall effects that land and vegetation management 

practices have in stream water temperature and 

runoff/sediment generation processes. 

 

Materials and Methods 
 

In July 2014, we installed four monitoring 

stations along the fifteen-mile creek, and two along 

the eight-mile creek. Additionally, we installed 

sensors to measure ambient relative humidity at two 

selected locations in the eight-mile creek. A full 

weather station and two monitoring wells were 

installed in one of the locations along the fifteen-

mile creek. All sensors were programmed to record 

variables in time intervals ranging from 15 min 

(weather station) to 1 hour (temperature and 

groundwater sensors). Significant stream 

temperature differences observed in a valley location 

motivated to begin intensively monitoring of this 

area to determine potential vegetation-stream-aquifer 

interactions that may be affecting the water 

temperature in the stream.  A field data collection 

campaign to measure stream flow, water quality, and 

suspended sediment concentration was carried on in 

the winter. Also, intensive monitoring of current 

overstory and understory vegetation species 

composition and structure has been conducted in the 

valley location. Data was collected using traditional 

monitoring techniques such as the line intercept 

method and determination of the greenline. 

 

Results 
 

Preliminary results showed higher stream 

temperature in the valley location when compared to 

two upstream locations. Stream temperature in 

upstream locations ranged from 52 to 73 degrees 

Fahrenheit, while in the valley location was 

consistently higher with values ranging from 54 to 

77 degrees Fahrenheit (Fig.1). 
 

 
 

Figure 1. Stream water temperature fluctuations in valley 
(15m-Valley), upstream creek (15m-up) and tributary 
(Ramsey) locations along the fifteen-mile creek during the 
summer of 2014. 
 

Ambient temperature was similar in upstream 

and valley locations, with values ranging from 42 to 

104 degrees Fahrenheit in the monitored summer 

time (Fig. 2). No significant difference in stream 

water temperature was found across sensors, 

irrespective if they were located in shaded or non-

shaded areas. Figure 3 illustrates stream temperature 

fluctuations in the valley location where two sensors 

located in exposed to the sun areas behave almost 

identical that the sensor installed in a shaded area. 

Baseline results from this ongoing experiment 

indicates that water temperature in the stream, 

particularly in the valley, may be subject to other 

factors other than that provided by vegetation 

shading.  Intensive monitoring of this valley location 

is currently underway. Distributed Temperature 
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Sensing Technology using a 2-km fiber optic cable 

along with multiple other multiple temperature 

sensors installed in creek, groundwater, and ambient 

locations will allow us to better characterize 

potential stream-aquifer interactions. Also, we are 

currently monitoring water uptake by dominant 

riparian tree species to determine vegetation effects 

on regulating streamflow. 
 

 
 

Figure 2. Ambient temperature fluctuations in valley (15m-
Valley), upstream creek (15m-up) and tributary (Ramsey) 
locations along the fifteen-mile creek during the summer of 
2014. 
 

 
 

Figure 3. Stream water temperature fluctuations in three 
different sensors located in the Valley Station along the 
fifteen-mile creek during the summer of 2014. 

 

Conclusions 
 

Preliminary results from this baseline-data 

collection phase of the experiment indicate that 

multiple factors may intervene in regulating stream 

temperature. Vegetation shading does not seem to be 

the only factor that regulates stream temperature 

along the different areas monitored in this semiarid 

riparian system. Therefore, a systems-based, or 

holistic, approach is recommended when evaluating 

the potential effects that land management practices 

may have on water quality parameters (for example, 

stream temperature) along arid and semiarid riparian 

areas. 
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Techniques to improve seeding success of forage kochia in exotic annual grass 
invaded sagebrush rangelands 
 

Contact Person: Dustin Johnson 

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

Email: dustin.johnson@oregonstate.edu 
Co-PIs: Kirk Davies, USDA – Agricultural Research Service; Matthew Madsen, Brigham Young University; and 

Travis Miller, Burns District Bureau of Land Management 
 

Project Objectives: The objective of this study is to determine which seeding techniques are appropriate for 

enhancing the establishment of forage kochia; a promising restoration plant for improving the diversity, 

productivity, and later-season forage quality of degraded semi-arid sagebrush rangelands. Specifically, we will 

evaluate two seeding methods, two seasons of seeding, two seed treatments and the efficacy of stored versus 

freshly harvested seed to determine which combination of seeding techniques produces the best results. 
 

Project Start Date: Summer 2014 

Expected Project Completion Date: Fall 2017 
 

Project Status: Three study sites were selected and exclosures were erected around each site during the summer 

of 2014. Also in 2014, existing vegetation within the exclosures was treated with glyphosate during the summer 

and then burned with a trailer mounted propane torch in the fall to prepare a seedbed for seeding treatments.  The 

following seeding treatments were applied to 6 X 18 ft plots arranged in a randomized block design, with 5 

replicated blocks per study site:  
 

1. Fall broadcast of year-old seed 

2. Fall drill of year-old seed 

3. Fall broadcast of pillows made with year-old seed 

4. Fall drill of pellets made with year-old seed 

5. Winter broadcast of year-old seed 

6. Winter drill of year-old seed 

7. Winter broadcast of pellets made with year-old seed 

8. Winter drill of pellets made with year-old seed 

9. Winter broadcast of freshly harvested seed 

10. Winter drill of freshly harvested seed 

11. Winter broadcast of pellets made with freshly harvested seed 

12. Winter drill of pellets made with made with freshly harvested seed 

13. Unseeded control 

14. Fall drill of year-old seed with a hydrophobic coating 
 

Year 1 fall and winter seeding treatments were conducted during early November 2014 and early February 

2015, respectively.  Forage kochia was seeded at 2 lbs/ac pure live seed in all plots that received a seeding 

BEEF142 

Progress Reports – Rangeland Ecology and Management
1 

 
Page 26

http://beefcattle.ans.oregonstate.edu/
mailto:dustin.johnson@oregonstate.edu


Oregon Beef Council Report - Range Progress Reports                                          
 
treatment. Vegetation cover and density by species were measured during the summer of 2015 in each treatment.  

Year 1 data were summarized and preliminary results are presented and discussed below. 
 

Preliminary Results and Discussion: Preliminary study results from year 1 of the study suggest seeding during 

the winter may be more effective for establishing forage kochia than fall seeding, regardless of whether stored 

(i.e., year-old) or freshly harvested seed is used (Figures 1 and 2).  Treatments will be repeated during the fall and 

winter of 2015 and 2016, respectively, to confirm this result, but it appears that fall-seeded forage kochia might 

germinate and emerge shortly after planting and subsequently suffer high winter mortality, whereas emergence of 

seed sown in the winter is likely delayed until a more favorable time during the spring.  In addition, preliminary 

results indicated shallow drill seeding conducted in the winter may have produced better results than broadcasting 

seed; at least on two of three sites (Figures 1 and 2).  Preliminary results also suggest bare seed, either 

broadcasted or drilled, performed as well if not better than seed sown in pillows or pellets, enhancements 

designed to improve seed germination and emergence environment, suggesting seed germination and emergence 

may not be major limiting factors for forage kochia establishment. Similarly, seeds that had been stored for a year 

and then treated with a hydrophobic coating, an enhancement designed to delay germination of fall-planted seed 

until spring, performed poorly compared to similar seed (i.e., year-old seed) planted in the winter.  Again, 

preliminary results of this study indicate winter seeding is superior to fall seeding which suggests delaying 

germination of fall-seeded forage kochia until late winter or spring should improve establishment performance of 

forage kochia. Therefore, we suspect the amount and/or formulation of the hydrophobic coating tested in this 

study needs adjustment, and deserves further investigation. 

 

Research on Stream Water Temperature and Sediment Load in Riparian Systems 
 

Contact Person: Carlos Ochoa 

Address: 112 Withycombe Hall, Corvallis, OR 97331 

Email: Carlos.Ochoa@oregonstate.edu  
 

Project Objectives: 1) To better understand how stream water temperature is affected by the interactions between 

surface water and shallow groundwater, and; 2) To determine the overall effects that land and vegetation 

management practices have in stream water temperature and runoff/sediment generation processes.  
 

Project Start Date: Summer 2014 

Expected Project Completion Date: Summer 2017 
 

Project Status: Currently, we are monitoring stream and ambient temperature at 4 different locations along the 

15-mile creek in Wasco County. We are intensively monitoring a section in the valley, where a fiber optic cable is 

being used to accurately measuring stream temperature in this 1-km reach. Additional sensors (20) were installed 

to take independent measurements of stream and ambient temperature.  Four monitoring wells installed provide 

important data regarding shallow groundwater level and temperature fluctuations. A weather station was also 

installed at this site. Riparian vegetation water uptake that may affect both surface water and groundwater will be 

calculated based on ongoing collection of weather and tree stem-flow data, hemispherical view images, and from 

an underway riparian vegetation inventory. Also, measurements of streamflow and collection of water samples to 

determine suspended sediment content are underway.  

Research activities are following their expected course; additional resources are being brought in to 

strengthen the project. A MS student in Rangeland Ecology and Management is fully dedicated to this project, a 

MS student in Water Resources Engineering and two undergraduate students are helping with specific aspects of 

the project.  

Expected results will provide sound scientific understanding of some of the aspects that affect water quality in 

semiarid riparian areas and the need for using a systems-based approach when trying to implement best 

management practices aimed to reduce non-point source pollution and improve water quality conditions.  
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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 X 
Behavior and distribution of cattle grazing riparian zones (cont.) D. E. Johnson  X 
Grazing and medusahead invasion in sagebrush steppe  D. 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 
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. 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  X 
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  
    
    

Projects funded in 2012 – 2013 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Effect of wolves on cattle production systems (cont.) D.E. Johnson  X 
Modification of livestock and sage-grouse habitat after juniper control R. Mata-Gonzales X X 
Prescribed burning and herbicide appl. to revegetate rangelands D. D. Johnson X X 
    
Animal Sciences    
Comparison of Ivomec Plus and a generic anthelmintic to beef cattle R. F. Cooke X 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 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 X  
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 X 
Cow nutritional status during gestation and offspring performance  R. F. Cooke X X 
Modifying the hormone strategy for superovulating donor cows F. Menino X X 

 

Projects funded in 2014 – 2015 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Development of forage value index for Ryegrass T. Downing X  
Research on stream water temperature and sediment loads C. Ochoa X X 
Techniques to improve seedling success of forage kochia  D. D. Johnson X  
    
Animal Sciences    
Identification of predictive metabolomics markers in dairy cows G. Bobe X X 
Cow nutritional status during gestation and offspring performance  R. F. Cooke X X 
Modifying the hormone strategy for superovulating donor cows F. Menino X X 
Energetic output of beef cows based on lactation and calf crop C. Mueller X  
Influence of supplement type and monensin on forage utilization D. W. Bohnert X X 

 

Projects funded in 2015 – 2016 FY 
  Report Status 
Abbreviated Project Title Senior Investigator Progress Full 
    
Rangeland Ecology and Management    
Research on stream water temperature and sediment loads C. Ochoa X  
Impacts of wolf predation on stress in beef cattle R. Cooke X  
Techniques to improve seedling success of forage kochia  D. D. Johnson X  
    
Animal Sciences    
Modulation of milk fat synthesis in dairy animals M. Bionaz X  
Peripartal vitamin E injections prevent diseases in dairy cows G. Bobe X  
Cow nutritional status during gestation and offspring performance R. Cooke X X 
Development of enhanced cattle embryo transfer medium  A. Menino X  
Energetic output of beef cows based on lactation and calf crop C. Mueller   
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