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Introduction: Beef cattle in the Northern Great Plains of the United States of

America are normally kept in open dry lot pens in winter. Practices such as bale

grazing, swath grazing, stockpiling, and corn residue grazing, can be used to

extend the grazing season and minimize dry lot use. Extending the grazing

season has several advantages over dry lot use but arguably the most important

benefit is cost savings due to lower labor and input costs. Strategies selected to

supplement cattle in extended grazing systems should maintain cost savings

while providing required nutrients to cattle. This study was conducted to evaluate

supplementing strategies for beef cattle in a bale grazing system using grass hay

during variable winter conditions. The study was conducted across variable

winter conditions that are encountered in winters in the US Northern

Great Plains.

Methods: The study extended over four years. Each year, non-lactating pregnant

beef cows (n = 64, year 1; n = 80, year 2, 3, 4) were divided into eight groups of

similar average body weight and randomly assigned to one of four bale grazing

treatments as follows: a) bale grazing grass hay, b) bale grazing grass hay treated

with a liquid supplement, c) bale grazing grass hay and alfalfa hay, and d) bale

grazing grass hay and plus 1.8 kg corn DDGS/head/day. Animal performance was

assessed from two-day body weights and body condition scores taken at the

start and end of the study. Data analysis considered the fixed effects of treatment,

year, and treatment x year interaction.

Results: Final BW tended (P = 0.09) to be greatest following corn DDGS

supplementation and lowest when grass hay was offered. The treatment

strategy x year interaction (P = 0.026) for ADG showed that corn DDGS

supplementation resulted in positive ADG across the years regardless of

environmental conditions. Liquid or alfalfa hay supplementation resulted in

positive ADG when environmental conditions were favorable. Final BCS (P =

0.005) and BCS change (P = 0.004) were greater following corn DDGS

supplementation, intermediate following alfalfa hay or liquid supplementation

and lowest when grass hay was fed. Supplementation costs ranged from $1.33 to

$1.90/head/day, the highest cost occurred with corn DDGS supplementation
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mainly due to cost of corn DDGS and labor required to deliver corn DDGS to

cattle on pasture.

Discussion: Alfalfa hay or molasses-based liquids increased diet CP content but

did not supply adequate energy in severely cold winters. Despite relatively higher

supplement costs, high energy supplements such as corn DDGSmay be required

in severely cold winters where cattle require extra energy. Supplement selection

should consider supplement effectiveness to meet animal nutrient requirements

particularly in adverse winter conditions such as those encountered in the US

Northern Great Plains.
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1 Introduction

Cattle in the US Northern Great Plains are normally kept in

open dry lot pens in winter (Asem-Hiablie et al., 2016), a practice

associated with high winter feed costs. Alternatively, dry lot use can

be minimized by extending the grazing season through strategies

such as bale grazing, swath grazing, stockpiling, and grazing corn

residue. Bale grazing is a practice of placing hay bales in a grid

pattern on hayfields or pastures for grazing in the fall and winter

(McGeough et al., 2018). Benefits of extending the grazing season

include returning nutrients directly onto land to optimize nutrient

capture by growing plants, minimizing nutrient loss through runoff

or leaching (Jungnitsch et al., 2011; Bernier et al., 2014), and

reducing farm greenhouse gas emissions (Alemu et al., 2016).

More importantly, lower labor and input costs associated with

extended grazing can decrease production costs and potentially

enhance profitability of livestock production.

Forages utilized for bale grazing are predominantly perennial in

nature, mainly grasses and grass-legume mixtures although straw

may also be utilized (McGeough et al., 2018). In situations where

cattle are offered low-quality grass hay or straw, supplementation

may be required to meet cattle nutrient requirements.

Supplementation becomes especially critical during harsh winter

conditions such as those encountered in the Northern Plains.

Supplementation is expensive due to costs associated with cost of

supplement, labor, and equipment associated with supplement

delivery (Cappellozza et al., 2013). Since extended grazing systems

are predicated on lower winter feed costs relative to dry lot feeding,

supplementation strategies selected for these systems should

maintain cost savings while providing targeted amount of

required nutrients. Cost savings can be maintained through

strategies that either reduce frequency of supplement delivery to

cattle on pasture or eliminate pasture visits for supplementation

purposes altogether.

For supplements such as corn DDGS, which have to be

delivered to cattle on pasture, supplementation costs can be
02
minimized by decreasing labor and equipment inputs through

reducing frequency of supplementation (Wickersham et al., 2008).

However, less frequent supplement delivery can only be justified if

grazing animals continue to consume forage and maintain good

nutrient status (Schauer et al., 2005). Also, less frequent supplement

delivery can reduce competition for supplement when greater

quantities are provided in a single setting (DelCurto et al., 2000).

Previous studies (Schauer et al., 2005; Loy et al., 2007; Cappellozza

et al., 2013) have shown that less frequent supplement delivery does

not negatively impact animal performance and can decrease costs

associated with supplementation. Pasture visits for supplementation

purposes may be eliminated by supplying high-quality forage to

complement low-quality forage or treating low-quality forage with

molasses-based liquid supplements. Alfalfa hay (DelCurto et al.,

1990; Vanzant and Cochran, 1994; Horney et al., 1996; Weder et al.,

1999) and good-quality grass hay (Horney et al., 1996; Villalobos

et al., 1997) have been utilized to complement cattle grazing low-

quality pastures. Liquid supplements poured directly onto hay can

reduce hay waste, improve hay storage, and improve nutrient

content of low-quality forage (Walker et al., 2013; Warner et al.,

2015). Currently, there is limited information on strategies for

supplementing cattle in extended grazing systems. This study was

conducted to evaluate supplementing strategies for beef cattle in a

bale grazing system using grass hay during variable winter

conditions. The study was conducted across variable winter

conditions that are encountered in winters in the US Northern

Great Plains.
2 Materials and methods

2.1 Ethics statement

Animal handling and care procedures were approved by the

North Dakota State University (NDSU) Animal Care and

Use Committee.
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2.2 Study site

This study was conducted at the North Dakota State University,

Central Grasslands Research Extension Center, located in Stutsman

and Kidder counties northwest of Streeter, North Dakota, USA (46°

45′N, 99°28′W). Soils at the site are Lihen-Telfer loamy fine sands

(57.6%), Krem-Flaxton complex (28.4%), Williams-Bowbells loams

(9.3%), and Hecla-Ulen loamy fine sands (5.6%; U.S. Department of

Agriculture, Natural Resources Conservation Service (NRCS), 2021).

The soils are classified as moderately to well-drained loamy soils with

a slope of 0 to 6% (U.S. Department of Agriculture, Natural Resources

Conservation Service (NRCS), 2021).
2.3 Hay treatments

A 10.5-ha field was divided into 8, 1.3-ha paddocks separated

with three-strand, high-tensile wire electric fencing. A 1000-L tire

tank was installed between two paddocks to supply fresh water. Two

7m x 2.5m portable windbreaks, made of solid metal sheets, were

placed in a V-shape in each paddock and tied together to protect

livestock from the northwestern wind. Round hay bales were placed

into paddocks in a 2 x 2 grid pattern with approximately 15m

between bales in the fall of each year. The bales were placed in an

upright position and net wrap was removed prior to feeding. Every

forth bale was pre-weighed before placement in paddocks. Grass hay

bales were obtained from a field of mixed cool-season grasses that had

not been harvested for several years. Predominant grasses in the field

were intermediate wheatgrass (Thinopyrum intermedium L.) and tall

wheatgrass (Thinopyrum ponticum L.). Hay used in all treatments

was obtained from the same field which made hay quality comparable

across treatments. Each year, hay bales were subsampled and

analyzed for nutrient composition prior to bale grazing.

Four bale grazing treatments (two paddocks/treatment) were set

up as follows: a) bale grazing grass hay, bale grazing grass hay

treated with a liquid supplement, c) bale grazing grass hay and

alfalfa hay, and d) bale grazing grass hay plus corn DDGS. Liquid

supplementation involved pouring a molasses-based liquid

supplement, Range-40 (QLF Inc., Dodgeville, WI), onto grass hay

bales at a rate of approximately 10% of average bale weight. With an

average bale weight of 543kg, approximately 54kg of liquid

supplement was added to grass hay bales. The required rate of

dispensing liquid supplement onto bales was estimated from time

required to dispense a known amount of liquid supplement into a

container of known volume. Timing of liquid supplement

dispensation was checked regularly to ensure that the rate

remained similar among bales. Poured bales were allowed to sit

upright until liquid supplement had seeped through the bale and

then were flipped on their side. Supplementation with alfalfa hay

was accomplished by providing one bale of alfalfa hay for every

three bales of grass hay fed during each feeding cycle. Corn DDGS

was delivered twice weekly to cattle on pasture and fed in bunks to

provide 1.8 kg corn DDGS/head/day.
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2.4 Animal study

The study extended over four years. Each year, non-lactating

pregnant Angus-cross beef cows (year 1, n = 64, BW = 592 ± 64 kg,

parity = 3.1 ± 0.87; year 2, n = 80, 617 ± 59 kg, parity = 3.4 ± 1.13;

year 3, n = 80, 635 ± 45 kg, parity = 3.4 ± 1.24; year 4, n = 80, 615 ±

30 kg, parity = 3.7 ± 0.99) were divided into eight groups of similar

average body weight and randomly assigned to treatments. Bale

grazing generally commenced in mid-November of each year until

January except in year 2, when grazing started earlier. Duration of

grazing was 70d, 66d, 67d, and 65d for year 1, 2, 3, and 4,

respectively. Cows had access to four hay bales at a time and

access to a new set of four bales was controlled using a portable

electric wire. Cows were moved to a new set of bales when it was

visually estimated that at least 20% of the original hay weight from

each bale was remaining. Cows had ad libitum access to fresh water,

commercial mineral supplement (Purina Animal Nutrition,

Shoreview, MN), and a salt block (NaCl, 98% minimum

guaranteed analysis, American Stockman). Cow performance was

assessed from two-day body weights (BW) and body condition

scores (BCS) taken at the start and end of the study. Body condition

scores were assigned by two trained technicians working

independently using a 9-point system (1 = emaciated, 9 = obese;

Rasby et al., 2014). Body weight data were adjusted for fetal tissue

weight before statistical analysis. Fetal tissue weight was predicted

from actual calf birth weight (CBW) and day of pregnancy (t) at

time of weighing (NASEM, 2016) as follows:

Fetal weight (kg) = (CBW � 0:01828)� e½(0:02�t) − (0:0000143�t�t)�

Dry matter intake (DMI) was estimated from a modification of

the forage disappearance technique described by Kelln et al. (2011)

which calculates DMI from the weight difference between fed forage

and residual forage accounting for number of days on feed. Use of the

forage disappearance technique to estimate DMI depends on

successful separation of soil and fecal matter from residual forage.

In this study, it was impossible to effectively separate soil and fecal

matter from residual forage thus, a 20% hay wastage value (Jaderborg

et al., 2021) was adopted to estimate residual forage. Crude protein

(CP) and metabolizable energy (ME) intakes were calculated from

forage DMI considering diet CP and ME content, respectively.
2.5 Feed sampling and analysis

Grass hay, liquid-treated grass hay, and alfalfa hay bales were

core-sampled (four cores per bale) using a hand-held electric Penn

State core sampler. Samples were dried in a forced-air oven at 60°C

for at least 48 h and then ground through a Wiley mill (1-mm

screen; Arthur H. Thomas, Philadelphia, PA). Samples were

submitted to Dairyland Laboratories (Dairyland Laboratories Inc.,

St. Cloud, MN) for chemical analysis. Samples were further dried at

100°C for 24 h to determine total dry matter (DM; Association of

Official Analytical Chemists (AOAC), 2005; method 930.15). Crude

protein (CP) was determined using a LECO 628 analyzer (LECO
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Corporation, St. Joseph, MI; AOAC Method 990.03). Neutral

detergent fiber (NDF; AOAC; method 2002.4) and acid detergent

fiber (ADF; AOAC; method 973.18) were determined using an

ANKOM Fiber Analyzer (ANKOM Technology Corporation,

Macedon, NY). Concentrations of Ca, P, K, Mg, and S were

determined by inductively-coupled plasma emission spectroscopy

(AOAC; method no. 985.01).
2.6 Statistical analysis

Animal performance data were analyzed using the MIXED

procedure of SAS (version 9.4; SAS Institute Inc, 2008) with

paddock as the experimental unit. The fixed effects in the model

were treatment, year, and treatment × year interaction. The effects

of cow within treatment were considered random. Least square

means were calculated and, where appropriate, differences among

treatment means were tested using the Bonferroni test at a

significance level of P ≤ 0.05. Average daily gain (ADG) was

calculated as the difference between initial weight and end weight

divided by the number of bale grazing days. Change in BCS was

calculated as the difference between initial BCS and final BCS.
2.7 Nutrient requirements

Nutrient requirements of beef cattle determined under

standardized conditions are applied indiscriminately to an infinite

combination of animal, management and environmental conditions

(Fox et al., 1988). The requirements are typically estimated based on

the assumption that animals are fed under ideal conditions with

little or no environmental stress, and therefore should perform to

their genetic potential (Abney and Galyean, 2006). Bale grazing

cattle in the US Northern Great Plains are exposed to cold

temperatures, low wind chills, freezing rain and snow. To

evaluate supplementation strategies under conditions encountered

in the US Northern Great Plains, the NASEM (2016) Beef Cattle

Nutrient Requirements Model (BCNRM) was used to predict

metabolizable energy (ME) and metabolizable protein (MP)

requirements and supply for cows kept in environmental

temperatures encountered in this study. Monthly average

temperatures encountered in this study are shown in Table 1

(North Dakota Agricultural Weather Network, 2021). The first

year was marked by below-average temperatures particularly in

December and January. Temperatures in year 2 were milder relative

to all other years because grazing commenced earlier. The third and
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fourth years were similar and colder relative to year 2 but warmer

than year 1. The 2016 NASEM model was used to compare energy

and protein balance in cows kept in various supplementation

strategies over the years. Energy and protein balance were

calculated as the difference between dietary energy or protein

supply and energy or protein requirement. The 2016 NASEM

model was also used to compare adequacy of supplementation

strategies across the years. This was accomplished by adopting year

3 liquid supplementation as the baseline and comparing this

baseline to supplementation strategies in year 1, 2, and 4,

designated as severe, mild, and moderate, respectively. For this

purpose, relative energy intake (%) was calculated by comparing

ME intake from each supplementation strategy in years 1, 2, and 3

to ME intake from liquid-supplement hay in year 3, the

baseline year.
2.8 Supplementation costs

Prices of corn DDGS, liquid supplement, grass and alfalfa hay

were obtained from a local farm input supplier (Farmers Coop

Elevator Company, Streeter, N.D.) The price grass and alfalfa hay of

$60 and $80/MT, respectively, included the cost of purchasing and

hauling the hay to the bale grazing site. Corn DDGS and liquid

supplement were priced at $255 and $319/MT, respectively. Labor

($19/h) included time for placing portable windbreaks at the start of

the study, moving portable electric wire to allow access to new feed,

twice weekly visits to feed corn DDGS, and hauling water to the site.
3 Results

The supplements fed in this study are shown in Table 2. Alfalfa

hay and corn DDGS contained 17.7 and 31.3% CP and 8.9 and 10.3

MJ/kg ME. The liquid supplement contained 40% CP and 9.8 MJ/kg

ME (Table 2). Grass hay fed over four years averaged 79 g/kg CP

with an ME concentration of 7.3 MJ/kg (Table 3). Addition of a

liquid supplement to grass hay increased ME and CP by 8% and

14%, respectively (Table 3). Supplementation with alfalfa hay

increased ME and CP concentration by 5% and 38%, respectively.

The highest increase occurred with corn DDGS supplementation,

increasing ME and CP concentration by 11% and 44%,

respectively (Table 3).

Dry matter intake was greater (P ≤ 0.001) following corn DDGS

supplementation (Table 4) because DDGS-supplemented cows

received 1.8 kg corn DDGS/head/day in addition to grass hay. As
TABLE 1 Average monthly temperatures (°C) during bale grazing.

Year October November December January Mean

11 – -1.6 -14.0 -20.9 -12.2

2 2.3 -2.8 -11.7 – -4.0

3 – -6.0 -6.3 -7.9 -6.7

4 – -2.9 -9.5 -14.3 -8.9
1Year 1 = Nov. 4, 2016 to Jan. 12, 2017, year 2 = Oct. 24 to Dec. 28, 2017, year 3 = Nov. 5, 2018 to Jan. 10, 2019, year 4 = Nov. 14, 2019 to Jan. 17, 2020.
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a percent of BW, DMI was greater (P ≤ 0.001) following corn DDGS

supplementation relative to other treatments. Crude protein intake

was influenced by treatment and year (P ≤ 0.001; Table 4) and was

greatest following corn DDGS supplementation and lowest when

only grass hay was fed. Energy intake was influenced by treatment

and year (P ≤ 0.001; Table 4) and was consistently greater following

corn DDGS supplementation relative to alfalfa hay, liquid

supplement or grass hay (Figure 1).

By design, there was no difference (P = 0.92) among treatments

in initial cow BW but there were differences (P ≤ 0.001) among the

years (Table 4). Final BW tended (P = 0.09) to be greatest following

corn DDGS supplementation and lowest when only grass hay was

offered (Table 4). Average daily gain was influenced by treatment

and year (P = 0.026; Table 4). Corn DDGS supplementation

resulted in positive ADG across the years regardless of

environmental conditions (Figure 2). In year 2, supplementation

strategies improved ADG above bale grazing grass hay only. As well,

cows gained weight in year 2 probably due to more favorable

environmental conditions (Figure 2). In year 3 and 4, ADG were

minimal following bale grazing grass hay, liquid-supplemented hay

or alfalfa hay (Figure 2). There was no difference (P = 0.97) among
Frontiers in Animal Science 05
treatments in initial BCS but there were differences (P ≤ 0.001)

among years (Table 4). Final BCS was greater (P = 0.005) following

corn DDGS supplementation, intermediate following alfalfa hay or

liquid supplementation and lowest in cows fed grass hay only

(Table 4). Final BCS differed (P ≤ 0.001) on a yearly basis.

Change in BCS was greater (P = 0.004) following corn DDGS

supplementation, alfalfa hay or liquid supplementation and lowest

when cows were fed only grass hay.
4 Discussion

Grass hay provided adequate MP to meet protein requirements of

non-lactating beef cows in the second trimester of pregnancy in all

environmental conditions encountered in the study. Positive MP balance

across four years of the study (Figure 3) suggest that there was no

apparent need for protein supplementation. Grass hay, however, did not

provide adequate energy to meet daily ME requirements for non-

lactating beef cows in the second trimester of pregnancy in

environmental conditions encountered in this study. Based on the

2016 NASEM model, feeding grass hay only resulted in negative

energy balance across all study years (Figure 4), suggesting a need for

supplementing cattle even inmild weather conditions as occurred in year

2. This is further supported by weight loss by cows bale grazing grass hay

in all environmental conditions encountered in this study.

Molasses-based liquid supplements supply rumen degradable

protein which provides rumen microbes with a source of nitrogen

for the synthesis of microbial protein (Manoukian et al., 2021). When

applied to hay, liquid supplements serve several functions including

reducing hay waste (Walker et al., 2013), improving hay storage

(Warner et al., 2015), and improving hay nutrient content (Walker

et al., 2013; Warner et al., 2015). Liquid treatment can improve

nutrient composition of hay such that additional supplementation of

protein or energy may not be required (Warner et al., 2015). In this

study, liquid supplementation increased diet CP content above

feeding grass hay only. Based on approximately 10% application

rate of liquid supplement, CP content of liquid-treated was expected

to be higher than the 9% reported in this study (Table 3). It is

speculated that, although care was taken to ensure uniform treatment

of bales, this may not have occurred consistently every year. Secondly,

distribution of liquid within hay bales may not have been as even as

expected, leaving pockets on untreated hay. This would be

particularly important in hay that was treated in cooler October

temperatures. Liquid supplementation supplied MP on excess of cow

requirements in all environmental conditions encountered (Figure 3).

Simulation using the 2016 NASEM model showed that liquid

supplementation provided adequate energy to meet requirements

of dry cows in a year which averaged -7°C (year 3) but provided

energy that exceeded requirements in a mild year 2 (Figure 3).

However, liquid supplementation did not supply adequate energy

in moderate years (year 4) or years with severe temperatures as

shown in year 1 (Figure 5). Therefore, liquid supplementation may be

an option for bale grazing cattle on low-quality grass hay in mild

winters but cannot be the sole supplement as winters become severe.

Supplementation with alfalfa hay supplied MP on excess of cow

requirements in all environmental conditions encountered (Figure 3).
TABLE 3 Chemical composition (mean ± SD; % DM) of grass hay, or
grass hay supplemented with a liquid, alfalfa hay, or corn DDGS.

HAY1 H-LQS H-ALF2 H-DDG2

CP, g/kg 79 ± 5.1 90 ± 4.4 109 ± 8.2 114 ± 5.6

ME, MJ/kg 7.3 ± 1.24 7.9± 4.37 7.7 ± 1.22 8.2 ± 1.13

NDF, g/kg 661 ± 6.9 654 ± 8.1 624 ± 15.9 607 ± 4.3

ADF, g/kg 473 ± 9.6 478 ± 30.9 451 ± 14.7 425 ± 11.6

Ca, g/kg 6.1 ± 0.4 5.4 ± 0.5 8.9 ± 0.3 5.3 ± 0.4

P, g/kg 1.1 ± 0.4 1.6 ± 0.2 1.3 ± 0.4 2.4 ± 0.4

Mg, g/kg 1.8 ± 0.2 1.6 ± 0.1 2.3 ± 0.2 2.2 ± 0.2

K, g/kg 9.2 ± 3.2 9.1 ± 0.3 12.4 ± 3.7 9.7 ± 3.2
1HAY, grass hay; H-LQS, liquid-treated grass hay; H-ALF, grass hay plus alfalfa hay; H-DDG,
grass hay plus corn DDGS.
2Calculated diet composition based on the proportions of alfalfa (H-ALF) and corn DDGS (H-
DDG) offered and hay refusal rate of 20%.
TABLE 2 Chemical composition (%DM) of supplements fed to cattle
grazing grass hay over four years.

Alfalfa hay Corn DDGS Range 401

CP, g/kg 177 ± 6.4 315 ± 1.9 400

ME, MJ/kg 8.9 ± 1.33 10.3 ± 2.56 9.8

NDF, g/kg 517 ± 44.6 324 ± 24.7 –

ADF, g/kg 383 ± 32.6 147 ± 34.9 –

Ca, g/kg 17.6 ± 2.0 0.6 ± 0.1 4

P, g/kg 2.0 ± 0.4 10.4 ± 0.6 12.6

Mg, g/kg 3.9 ± 0.1 4.1 ± 0.2 2.3

K, g/kg 22.9 ± 4.3 7.1 ± 0.5 21
1Minimum manufacturer guaranteed analysis.
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Supplementation with alfalfa hay improved cow daily gains during

mild winters but did not provide adequate energy tomeet requirements

in cold winters such as occurred in year 1. The 2016 NASEM model

showed that alfalfa hay supplied adequate energy only during mild

years but not in years with moderate or severe environmental

temperatures (Figure 4). In mild environmental temperatures (year

2), alfalfa hay supplementation was nearly as effective as liquid

supplementation in providing energy to meet cow energy

requirements (Figure 5). Although alfalfa hay can effectively meet CP

requirements in rations with low-quality roughages, alfalfa hay does

not have the caloric density of oilseed meals or other by-product feeds

to meet energy needs (DelCurto et al., 2000). In fact, the energy density

of alfalfa is similar to that of high-quality grass hay. Thus, if cows are
Frontiers in Animal Science 06
energy-deficient and marginal in body condition, supplements with

higher energy density may be more appropriate (DelCurto et al., 2000).

Previous studies (Vanzant and Cochran, 1994; Horney et al., 1996;

Weder et al., 1999) have reported improved animal performance when

cattle grazing low-quality forage were offered higher-quality alfalfa hay.

In practical terms, alfalfa hay as a supplement for beef cattle bale

grazing grass hay may be an option in mild winters. In cold winters,

higher energy supplements such as corn DDGS and other grains may

be required to meet nutritional requirements.

Supplementation with corn DDGS resulted in the highest

increase in diet CP and supplied the highest of amount of MP to

cows across the years (Figure 3). The high dietary energy resulting

from supplementation with DDGS resulted with a diet that
TABLE 4 Cow performance following bale-grazing of grass hay, or grass hay supplemented with a liquid, alfalfa hay, or corn DDGS.

Treatment (T) SE Year (Y) SE P-value

HAY1 H-LQS H-ALF H-DDG 12 2 3 4 T Y T x Y

DMI, kg/d 11.9b 12.0b 12.2b 13.6a 0.14 12.1c 12.5ab 12.7a 12.4b 0.12 <0.001 <0.001 0.82

DMI, % BW 1.96b 1.96b 1.97b 2.23a 0.01 2.05a 2.02b 2.01b 2.02b 0.01 <0.001 <0.001 0.50

CP intake, kg/d 0.93d 1.07c 1.34b 1.47a 0.01 1.15c 1.17c 1.21b 1.31a 0.01 <0.001 <0.001 <0.001

ME intake, MJ/d 87.7c 93.2b 93.8b 99.7a 1.06 90.6b 91.3b 97.8a 94.7ab 0.85 <0.001 <0.001 <0.001

Initial BW, kg 614 615 618 612 9.3 591c 618b 635a 616ab 7.9 0.92 <0.001 0.96

Final BW, kg 606 618 622 631 9.9 570b 647a 641a 622a 8.7 0.09 <0.001 0.87

ADG, kg/d -0.11c 0.05b 0.06b 0.30a 0.05 -0.29c 0.43a 0.07b 0.08b 0.05 <0.001 <0.001 0.026

Initial BCS 5.8 5.8 5.8 5.8 0.05 5.5c 5.4d 6.5a 5.8b 0.05 0.97 <0.001 0.69

Final BCS 5.7b 5.8ab 5.8ab 5.9a 0.04 5.4c 5.6b 6.9a 5.3c 0.04 0.005 <0.001 0.75

BCS change -0.08b 0.04a 0.03ab 0.07a 0.04 -0.13c 0.22b 0.39a -0.42c 0.04 0.004 <0.001 0.23
frontie
1HAY, grass hay; H-LQS, liquid-treated grass hay; H-ALF, grass hay plus alfalfa hay; H-DDG, grass hay plus corn DDGS.
a-cMeans with a different letter within row for treatment (T) or within row for year (Y) differ significantly (P ≤ 0.05).
1Bale grazing duration: 70 days (Nov. 4, 2016 to Jan. 12, 2017) in year 1, 66 days (Oct. 24 to Dec. 28, 2017) in year 2, 67 days (Nov. 5, 2018 to Jan. 10, 2019) in year 3, and 65 days (Nov. 14, 2019 to
Jan. 17, 2020) in year 4.
FIGURE 1

Energy (MJ/day ME) intake by cows bale grazing grass hay (HAY) or
liquid-treated grass hay (H-LQS), grass hay plus alfalfa hay (H-ALF),
or grass hay plus corn DDGS (H-DDG).
FIGURE 2

Average daily gains of cows bale grazing grass hay (HAY) or liquid-
treated grass hay (H-LQS), grass hay plus alfalfa hay (H-ALF), or
grass hay plus corn DDGS (H-DDG).
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exceeded requirements of dry cows. Based on the 2016 NASEM

model, feeding 1.8 kg corn DDGS/head/day to cows bale grazing

grass hay supplied energy in excess of cow requirements at all

environmental temperatures encountered in this study (Figure 4).

Compared to year 3 liquid supplementation as a baseline,

supplementation with DDGS supplied energy that exceeded cow

energy requirements even in years with severe environmental

temperatures (Figure 5). As a supplement, corn DDGS compares

favorably with other supplements such as soybean meal and canola

meal since corn DDGS is a good source of protein, fat, phosphorus,

and readily digestible fiber (Klopfenstein et al., 2008). The low

starch content of corn DDGS makes corn DDGS a suitable as

supplement for grazing cattle (Klopfenstein et al., 2008). Benefits of

supplementing cattle on pasture with corn DDGS have been
Frontiers in Animal Science 07
reported in other studies (Wilson et al., 2015; Lardner et al., 2018;

Smith et al., 2020). Among the supplements evaluated, corn DDGS

is the only supplement that supplied adequate energy for pregnant

beef cows that were bale grazing in all environmental conditions

encountered in this study.

Animal response to supplementation was influenced by

treatment as well as environmental conditions in different years.

This response was clearly demonstrated by changes in ADG due to

supplementation strategy and environmental temperatures over the

four-year period. Environmental conditions can have a significant

effect on variation in supplement intake by grazing beef cattle

consuming a protein supplement in winter (Wyffels et al., 2020).

Supplementation strategies successfully improved animal gains in

more favorable environmental conditions such as those in year 2. In

more inclement weather conditions, corn DDGS supplementation

was more effective in maintaining or improving animal gains.

Supplementation costs ranged from $1.33 to $1.90/head/day for

different strategies (Table 5). Predictably, bale grazing grass hay

alone resulted in the lowest system costs. Minimizing use of
FIGURE 3

Predicted MP balance (dietary MP supply – MP requirements, kg/d) in
cattle grazing grass hay (HAY) or liquid-treated grass hay (H-LQS), grass
hay plus alfalfa hay (H-ALF), or grass hay plus corn DDGS (H-DDG).
FIGURE 4

Predicted ME balance (dietary ME supply – ME requirements, MJ/d) in
cattle grazing grass hay (HAY) or liquid-treated grass hay (H-LQS), grass
hay plus alfalfa hay (H-ALF), or grass hay plus corn DDGS (H-DDG).
FIGURE 5

Relative energy intake (%) in cattle grazing grass hay (HAY) or liquid-
treated grass hay (H-LQS), grass hay plus alfalfa hay (H-ALF), or
grass hay plus corn DDGS (H-DDG). Horizontal line represents year
3 liquid supplement energy intake (baseline).
TABLE 5 Cost comparison following bale grazing of grass hay, or grass
hay supplemented with a liquid, alfalfa hay, or corn DDGS.

Cost ($/head/day)

HAY1 H-LQS H-ALF H-DDG

Grass hay 1.29 1.29 0.97 1.29

Supplement – 0.26 0.57 0.51

Labor2 0.04 0.04 0.04 0.10

Total cost 1.33 1.59 1.58 1.90
fr
1HAY, grass hay; H-LQS, liquid-treated grass hay; H-ALF, grass hay plus alfalfa hay; H-DDG,
grass hay plus corn DDGS.
2Crossfencing and supplement delivery.
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purchased hay, transportation costs, and grazing hay bales in the

field from which the hay was baled would keep costs of bale grazing

low. Liquid supplementation increased grazing costs by $0.26/head/

day over grass hay due to the cost of the liquid supplement.

Supplementation with alfalfa hay increased costs by $0.25/head/

day over grass hay (Table 5). The highest cost ($1.90/head/day),

occurred when corn DDGS was offered as a supplement mainly due

to the cost of corn DDGS as well as labor required for twice-weekly

visits to deliver corn DDGS to cattle on pasture. Limiting delivery

frequency to one visit per week would reduce the cost of corn

DDGS supplementation.
5 Conclusion

Alfalfa hay or molasses-based liquids may be utilized as

supplements during mild winters but severely cold winters

require higher energy supplements such as corn DDGS. Despite

the relatively higher cost, supplementation with corn DDGS may be

required in situations such as severe winters where cattle require

extra energy to maintain or improve performance. Supplement

selection should consider supplement effectiveness to meet animal

nutrient requirements particularly in adverse winter conditions

such as those encountered in the US Northern Great Plains.
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