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ABSTRACT: Thirty-two mature crossbred beef cows (615 kg) were selected for the study. Half (16) of these cows had been Exposed to ammoniated wheat straw (AWS) as suckling calves for 40 to 60 d. The other 16 cows had no previous exposure to AWS (Naϊve). Cows were stratified into 8 groups of 4 cows each such that each group was similar with regard to BW, age, breed type and previous exposure to AWS. Each group was randomly assigned to one of eight pens. Cows remained in these pens for a 160 d wintering period (Dec-May) for three consecutive years. All cows were fed a diet of free-choice AWS supplemented with alfalfa hay and vitamin-mineral supplements. Cows and their calves grazed irrigated pastures the remainder of the year. Cow BW and BCS and calf BW were monitored monthly through the year. Milk production was measured on the cows monthly using weigh-suckle-weigh. Postpartum interval (PPI) to rebreeding was monitored using consecutive calving dates. Improved BW and BCS changes were exhibited by Exposed cows during all three years (P < 0.07, 0.05, 0.07, respectively). Shorter PPI was observed in Exposed cows the first two years of the study (P = .004 and 0.02, respectively). By the third year, PPI was similar (P = 0.19). The Exposed cows produced more milk than Naϊve cows the first two years of the study (P = 0.04 and 0.07, respectively). By the third year, milk production was similar (P = 0.74). Exposing calves to AWS for a brief period early in life will improve performance of cows when re-exposed to this forage later in life.


Introduction
Improving the utilization of low-quality forages (LQF) by ruminant animals has received considerable attention by those involved in ruminant nutrition.  This is likely due to the fact that these high-cellulosic forages are quite abundant (cellulose accounting for 50% of the carbon in the biosphere) and are therefore relatively inexpensive.  Also ruminants are the only livestock animals that make relatively efficient use of these forages. 

Past research efforts to develop methods to improve the utilization of LQF by ruminant animals have focused on supplementation programs designed to stimulate ruminal fermentation of these forages.  These studies have been amply reviewed (Paterson et al., 1994). 

To increase the potential digestibility of LQF chemical treatments have been investigated that disrupt hydrogen bonding within and between cellulose fibrils, and covalent bonding between lignin and polysaccharides of plant cell walls.  This, of course, improves the accessibility of these carbohydrates to ruminal and ceco-colonic microorganisms.  Alkalization methods have proven affective with the ammoniation process finding the most practical favor (Sundstol, 1991). 

Genetic variability of animals with regard to utilization of LQF has received little attention in the scientific literature.  Animals used to study LQF utilization are usually selected to minimize breed-type variation.  Textbook values for the heritability of cattle gain on feedlot diets is reported to be 45%, while gain on pasture is only 30% (Taylor and Field, 1994).  This indicates that environmental factors account for more of the viability in performance on forages than cereal grain-based diets.  Wiedmeier et al. (1995) estimated the heritability of DDMI of ammoniated wheat straw-based diets (AWS) to be only 20% in Hereford cattle.  Thus environmental factors appear to account for more of the variability in animal performance as the quality of forage decreases.

Many environmental factors could affect animal utilization of LQF.  In this experiment the effects of briefly exposing suckling heifer calves to AWS on their subsequent performance as mature brood cows being wintered on AWS-based was investigated.


Materials and Methods
Thirty-two (32) mature crossbred beef cows were selected for the study.  Breed-type of the cows was a result of a four-breed rotational program involving Angus, Hereford, Gelbvieh, and Tarentaise breeds.  Cows were selected for medium to large frame size (frame score 6-7), superior milking ability (9.1) and moderately heavy muscling.  One half (16) of the cows were exposed to LQF in the form of AWS as suckling calves (Exposed).  Their dams were wintered on AWS supplemented with alfalfa hay from approximately December 1 until May 15 each year as part of an on-going study.  Thus the calves had access to AWS for the first 60 to 90 days of life.  Cow-calf pairs then grazed native flood meadow pastures from approximately May 15 until November 1 of each year at which time the calves were weaned.  Weaned heifer calves were then placed back into the management of the experiment station for development into replacement heifers in common with other weanling heifer calves from the station.  Thus, all replacement heifers were developed in a similar manner regardless of background.  When these heifers were 4 to 5 years old, 32 were selected for this study, 16 of which had been Exposed to AWS for the first 60 to 90 days of life but not re-exposed until the initiation of this study 4 to 5 years later.  The other 16 cows had no previous exposure to AWS or any other LQF (Naϊve).

Cows were mated for spring calving in March and April.  Starting approximately May 20 of each year estrus synchronization procedures began using the Synchromate B® system.  Thus, artificial insemination began the first week of June each year.  This was timed with a monthly milk production measurement so that the calf removals associated with the weigh-suckle-weigh procedures would aid in improving conception rates.  Cows were artificially inseminated for a 5-day period following removal of the implants after which a clean-up bull was placed with the cows for a 45-day period.  Conception to artificial breeding range between 65 to 80% of cows conceiving each year.

Pregnant cows were wintered on an AWS-based diet supplement with alfalfa hay from December 1 to approximately May 15 each year (Table 1).

Wheat straw was ammoniated using the method described by (Sundstol, 1991) with addition of anhydrous at 3% of DM in baled straw.  Straw was baled early in the morning to incorporate as much dew as possible to enhance the ammoniation process.  Nutrient content of the AWS and alfalfa hay used each of the three years of the study is presented in Table 2.

Cows were wintered in drylot in 8 pens, 4 cows per pen.  Pens were paved with concrete with a sheltered loafing area at one end allowing the cows protection for wind and precipitation.  Each pen had a covered feeder area at the end opposite the loafing area that was separated into 4 feeding compartments, one for each cow.  Although cows in a pen could move freely from one compartment to another, this arrangement allowed the feeding of small amounts of highly palatable supplements on an individual cow basis.  Cows were stratified into these pens based on BW and breed type. There was a mixture of Exposed and Naϊve cows in each pen.

Cows were fed each day at 1500 hrs.  Cows were first offered a small amount (279 g) of highly palatable vitamin-mineral supplement designed to correct deficiencies associated with the AWS-alfalfa hay diet. This supplement was rapidly consumed (1 to 2 minutes) insuring that all cows received the appropriate amount.  Next the AWS was weighed and delivered to each pen.  The amount offered each day was based on the amount remaining from the previous days offering.  Daily adjustments were made such that the cows were consuming AWS to appetite but without sorting or orts.  The daily allotment to each pen was evenly distributed to each of the four feeding compartments.  Lastly, the appropriate amount of alfalfa hay was weighed out and placed on top of the AWS in each feeding compartment.

Cows were weighed and assigned a BCS the first week of each month just before feeding.  Body condition scores were assigned by a single individual based on the 1 through 9 system with a BCS of 1 representing emaciation and a BCS of 9 representing extreme obesity.  Cows calved in these pens.  Calving data such as calving ease score, birth weight, and calf vigor score were recorded on each calf.

At the conclusion of the wintering period cow-calf pairs grazed in common on native flood meadow pastures from approximately May 15 to November 1 each year.  The first week of each month cows and calves were weighed and the cows continued to receive a BCS.  In conjunction with each weighing period each month, milk production of the cows was estimated using the weigh-suckle-weigh method with two consecutive 12-hour calf removal periods. 

The reproductive capability of the cows was assessed by the PPI to rebreeding.  Since this was a long-term study PPI was measured directly by consecutive calving dates assuming a 285-day gestation length.  Each year the cows were examined for pregnancy the first week of September by a qualified veterinarian using rectal palpation.  Any cows that did not conceive or conceived too late to fit the March/April calving window were removed from the project and replaced.  
Data collected the first three years of this study were analyzed with regard to previous exposure of the cows to LQF. Repeated measures analysis of variance was used to analyze the data for each year. There were two treatments (Exposed or Naϊve) and cows (n = 16/treatment) were nested within treatments. Cows nested within treatments was the error term for treatments. Measurement date within a year was the repeated measure. Measurement date crossed with cows nested within treatments was the error term for date and treatment by date interactions. The dependent variables were body weight, body condition, milk production, and post-partum interval.


Results
Although cows were weighed and received a BCS the first week of each month during this three-year study, only data for the months of December, March, June and November are reported.  These are key months in the production cycle of spring-calving beef cows in the Intermountain West.  December marks the beginning of the winter feeding period.  Cow BW and BCS at this time will determine the rate and extent of the winter feeding program necessary to maintain optimal performance since cows are usually starting the last trimester of gestation during this period.  This period is also noted as being the most expensive feeding period of the yearly production cycle.  March is a key month since calving and lactation begin.  The BW and BCS of beef cows at the time of calving has been shown to be a major factor that will determine subsequent reproductive performance and milk production (Wetteman, 1994).  June BW and BCS are reported because in this study it marked the end of the winter feeding period.  Since the cows on this study remained on LQF until pasture turn out around the first of June, the period of time from the first of March until the first of June would have been particularly challenging since the cows assigned to this study were considered superior with regard to milking ability (9.1 kg/d) November BW and BCS are reported because the beginning of this month marked the end of the summer/fall grazing season and the weaning of the calves.

The effects of short-term calfhood exposure to AWS on BW changes of mature beef cows wintered (December through May) on an AWS-based diet are present in Table 3.  At the beginning of the study, December of year 1, the BW of the Expose and Naϊve cows was nearly identical because cows selected for the study were to be of uniform frame and muscling.  During the first period of year 1 (December through February) the cows were in the last trimester of pregnancy.  Also, this period marked the first exposure of the Naϊve cows to this type of forage while Exposed cows had briefly been Exposed to AWS for a 60-90 day period as suckling calves five years previous to this period.  To maintain BCS during this period it was estimated that the cows would require 10.6 cal of NEm/d, which was a basic requirement of 9.6 Mcal of NEm increased by 10% to account for cold weather (NRC, 1996).  In addition it was estimated the cows would require 2.74 Mcal of NEm/d to develop a calf with a 40.9 kg birth weight and an average days in gestation of 239.  The estimated requirement was a total of 13.34 Mcal of NEm/d (NRC, 1996).  Cows previously Exposed to AWS gained 37 kg of BW during this period, which is within the range suggested for cows of this type to maintain body condition and develop a health fetus.  Thus these cows were likely extracting 13.34 Mcal of NEm from the daily ration.  However Naϊve cows lost 22 kg of BW during this period, which of course would translate into a much lower energy intake and a loss in body condition.

During the period March through May the cows were lactating.  Although milk production of the cows was not measured during this period, from previous data collected on these cows it was estimated that the cows were likely capable of producing 9.1 kg of milk daily during this period.  To maintain body condition during this period we estimated 10.1 Mcal of NEm/d and to produce 9.1 kg of 4% butterfat milk 6.83 Mcal of NEm, for a total of 16.93 Mcal (NRC, 1996).  To accomodate this increased energy requirement the amount of alfalfa hay offered during this period was increased to 4.1 kg of DM daily (Table 1).  Comparing March and June BW is complicated by weight of conceptus.  Comparing December and June BW would allow the best comparison of the response of the cows to the winter diets since December BW would be associated with very low conceptus weight.  During the period December through May Exposed cows produced a healthy calf, produced milk for the calf and still gained 19.4 kg of BW the first year.  On the other hand Naϊve cows lost 19.1 kg of BW.  Thus there was a 38.5 kg difference in the BW change due to calfhood exposure to AWS.

During the period June through November one would expect BW differences between Expose and Naϊve cows that developed during the wintering period to be ameliorated since the cows grazed in common or irrigated flood meadows.  However this BW difference followed through the summer/fall grazing period with Exposed cows weighing 29 kg more than Naϊve cows at weaning time the first week of November.

Both groups of cows weighed more in December of the second year of the study than in December of the first year.  This was likely due to differences in nutritional management after the cows were assigned to the project.  Effects of the previous wintering period remained apparent at the beginning of the second wintering period with Exposed cows weighing approximately 21 kg more than Naϊve cows.  After the second wintering period (December through May) Exposed cows were still approximately 35 kg heavier than Naϊve cows.  And again, the effects of the wintering period carried through the summer/fall grazing period with Exposed cows being 23 kg heavier than Naϊve cows.

The effects of calfhood exposure to AWS on BW of cows remained apparent the third year of the study although the incremental differences were not as profound.  The Pr>F scores were .0001, .0065 and .0921 for treatment by date interaction for the first, second and third year of the study, respectively.

The effects of calfhood exposure to AWS on BCS changes are presented in Table 4.  Since BW measurements can be subject to errors such as gut fill or defecation and urination during weighing, BCS could be a more accurate assessment of the nutritional status of beef cows.  Although this measurement is subjective, the system has been in existence long enough to gain acceptance as evidenced by the attention attributed to this subject in the most recent publications on the nutrient requirements of beef cattle (NRC, 1996).  Although the BW of the two groups of cows at the beginning of the study were nearly identical, there was a difference in BCS with Naϊve cows being in slightly better condition than Exposed cows.  However by March of the first year Exposed cows were in better condition, with BCS of 5.1 and 4.5 for Exposed and Naϊve cows, respectively.  Since the March BCS marks the beginning of calving in this study there can be profound effects on PPI to rebreeding and potential milk production through the subsequent lactation.  It is generally agreed that cows should be BCS 5 at the time of calving to maintain optimal performance (Wetteman, 1994).  Exposed cows met this criterion with a small margin of safety but Naϊve cows were below this minimum standard.  Although the BCS of 4.5 at the time of calving wouldn’t likely have drastic effects on subsequent performance, extended PPI to rebreeding and reduced milk product during lactation would be expected.

At the beginning of the wintering period (December) on the second year BCS of the two groups of cows was not different.  However by the beginning of the calving season (March) of that year Naϊve cows had again lost approximately one half of a BCS while Exposed cows had maintained body condition.  Both groups of cows were at or above BCS 5 at the beginning of the calving season; 5.6 and 5.1 for Exposed and Naϊve cows, respectively.  Consequently major impacts of BCS on PPI to rebreeding and milk production would not be expected.  However since Exposed cows were one half of a BCS higher than Naϊve cows, they would be much more prepared to face the challenges of early lactation.

By June of the second year BCS of Exposed cows remained about one half of a score higher than Naϊve cows; 5.5 versus 4.9, respectively.  Although both groups of cows gained body condition during the summer grazing period of the second year, Exposed cows exhibited a higher BCS than Naϊve cows; 5.8 versus 5.4, respectively.  Here again both groups of cows would be considered of adequate body condition at the beginning of the winter feeding period.  However with Exposed cows being nearly one half of a BCS higher than Naϊve cows they would be much more prepared to face the rigors of winter feeding period.  In addition there could be considerable economic advantages associated with the higher BCS of the Exposed cows at the beginning of the wintering period.  It is somewhat surprising that the Naϊve cows carried the lower BCS from March through November of the second year.  One could hypothesized that the difference in BCS would be ameliorated when the Naϊve cows were allowed free-choice access to a fairly high-quality pasture forage.  However it must be remembered that these were cows of superior milking ability. Marston, et al. (1995) also noted these carry-over effects on BCS in beef cows.

Although the BCS’s of Exposed cows were numerically higher than those of Naϊve cows the third year of the study, these differences were not significant (P = .3611).  One could question why the BCS of the two groups of cows was different November of year 2 and not different December of year 3 since there is only 30 days between.  However it must be remembered that the cows were not suckling calves during this period and were usually grazing fairly high-quality hay crop aftermath, which would allow for narrowing of the difference between the two groups of cows.  It is apparent that by the third year of the study Naϊve cows were adapting to the AWS diets and performing similar to Exposed cows with regard to BW change and BCS.

The performance of the two groups of cows with regard PPI to rebreeding is presented in Table 5. After the first wintering period on the AWS diets Exposed cows conceived within the 80-day window required to maintain a 365-day calving interval.  It required Naϊve cows 9 more days (P = .0036) to conceive after calving, which means the 365-day calving interval was not maintained in these cows.  This is consistent with the BCS of this group of cows at the beginning of the calving season (March) the first year.  These cows exhibited a mean BCS of 4.5, which is below BCS 5 suggested to maintain a 365-day calving interval.  Two of the 16 Naϊve cows did not breed back the first year, while all Exposed conceive within the specified window. Kunkle et al. (1994) suggests a calving interval of 381 days for beef cows with a BCS of 4 at calving.  The Naϊve cows in this study had a calving interval of 374 days with a BCS of 4.5.  After the second wintering period Naϊve cows required six more days to conceive after calving than did Exposed cows (P = .0210).  One of the 16 Naϊve cows did not breed back the second year. All Exposed cows rebred within the specified window. By the third year of the study differences in PPI between the two groups of cows were not significant (P = .1901)

During the summer grazing season of the first year of the study Exposed cows produced approximately 1 kg more milk per day than did the Naϊve cows (P = .0405) (Table 5).  This difference was also evident the second year of the study (P = .0698).  However the third year of the study no difference in milk production between the two groups of cows could be detected (P = .7426) with both groups of cows producing approximately 11.25 kg of milk per day through summer grazing period.

In this study milk production of the cows and 205-day weight of the calves is somewhat confounded by the fact that all calves had free-choice access to a cereal grain-based creep feed during  the summer grazing period.  However Exposed cows tended (P = .1368) to wean heavier calves than Naϊve cows the first year of the study (Table 5); 315 versus 296 kg, respectively.  A similar pattern could be detected the second year of the study (P = .2051), 333 versus 316 kg, respectively.  By the third year of the study no tendencies could be detected (P = .5357); 350 versus 344 kg, respectively.


Implications
Early and brief exposure of suckling beef calves to LQF such as AWS profoundly improved performance when wintered on these forages many years later as mature cows. This affect lasted for a three-year period. Thus feeding behaviors learned early in the developmental period can affect lifetime behaviors. Nutrient digestibility was not measured in this study and intake difference could not be assessed because there was a mixture of Exposed and Naϊve cows in each pen. Further study should be conducted to determine the basis for the improved performance exhibited by the Exposed cows. The findings of this study has implications for those engaged in replacement heifer selection and development. Early exposure to anticipated nutrient regimens will have profound effects on future adaptability.
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Table 1.
Winter feeding regimen for cows during late gestation and early lactation (December 1-May 15) (dry matter basis).

	
	
Dry Matter, kg/hd/d

	
Period
	
Ammoniated Straw
	
Alfalfa Hay

	Dec. 1-Jan. 31
	9.4
	2.5

	February
	9.2
	3.3

	March 1-May 15
	8.9
	4.1


Table 2.
Nutrient composition of ammoniation wheat straw and alfalfa hay used to winter beef cows (dry matter basis).

	
	
Year

	Nutr.
	
1
	
2
	
3

	
	ALFa
	AWSb
	ALF
	AWS
	ALF
	AWS

	DM, %
	87.6
	83.2
	89.2
	85.5
	91.1
	86.2

	CP, %
	16.0
	9.4
	16.8
	10.6
	16.3
	9.2

	ADF,%
	38.7
	56.7
	36.2
	55.3
	37.7
	57.6

	NDF,%
	50.3
	71.2
	48.7
	69.8
	49.4
	72.3

	Ca, %
	1.21
	.42
	1.36
	.36
	1.28
	.46

	Phos,%
	.29
	.01
	.28
	.02
	.31
	.02


aAlfalfa Hay

bAmmoniated Wheat Straw

Table 3.
Effect of calfhood exposure to ammoniated wheat straw on yearly body weight change when utilizing this forage as mature cows.

	
	
Year

	
Month
	1
	2
	3

	December BWa, kg
	
	
	

	Naϊveb
	624.9
	641.1
	659.8

	Exposedc
	625.1
	662.4
	679.4

	March
	
	
	

	Naϊve
	603.4
	668.9
	699.3

	Exposed
	662.3
	704.8
	722.7

	June BW, kg
	
	
	

	Naϊve
	619.4
	633.4
	663.1

	Exposed
	650.6
	658.3
	685.3

	November BW, kg
	
	
	

	Naϊve
	625.2
	652.3
	675.3

	Exposed
	654.2
	675.3
	686.6

	Yearly Average BW, kg
	
	
	

	Naϊve
	616.9
	644.1
	670.0

	Exposed
	645.9
	670.0
	690.4

	SEMd
	6.2
	4.12
	4.95

	Pe
	.07
	.05
	.07


aBody weight, kg.

bNaϊve = cows never before exposed to ammoniated wheat straw.

cExposed = cows briefly exposed to ammoniated wheat straw as suckling calves only.

dStandard error of mean.

eProbability > F score.



Table 4.
Effect of calfhood exposure to ammoniated wheat straw on yearly body condition score change when utilizing this forage as mature cows.

	
	
Year

	
Month
	1
	2
	3

	December BCSa, kg
	
	
	

	Naϊveb
	5.1
	5.5
	5.6

	Exposedc
	4.8
	5.7
	5.8

	March BCS
	
	
	

	Naϊve
	4.5
	5.1
	5.5

	Exposed
	5.1
	5.6
	5.7

	June BCS
	
	
	

	Naϊve
	5.1
	5.1
	5.5

	Exposed
	5.4
	5.5
	5.8

	November BCS
	
	
	

	Naϊve
	5.2
	5.4
	5.7

	Exposed
	5.5
	5.8
	5.9

	Yearly Average BCS
	
	
	

	Naϊve
	5.0
	5.2
	5.5

	Exposed
	5.3
	5.6
	5.8

	SEMd
	.11
	.04
	.08

	Pe
	.08
	.001
	.08


aBody condition score; 1 = emaciated and weak, 9 = obese

bNaϊve = cows never before exposed to ammoniated wheat straw.

cExposed = cows briefly exposed to ammoniated wheat straw as suckling calves only.

dStandard error of mean.

eProbability > F score.



Table 5.
Effects of calfhood exposure to ammoniated wheat straw on milk production, calf 205-day weight, and postpartum interval to rebreeding when utilizing this forage as mature cows.

	
	
Year

	
Month
	1
	2
	3

	Milk Production, kg
	
	
	

	Naϊvea
	9.1
	9.8
	11.2

	Exposedb
	10.1
	10.8
	11.3

	SEMc
	.84
	.53
	.48

	Pd
	.04
	.07
	.74

	Calf 205-day weight, kg
	
	
	

	Naϊve
	296.2
	316.3
	344.0

	Exposed
	315.5
	333.0
	349.7

	SEM
	8.9
	9.2
	6.5

	P
	.14
	.21
	.54

	PPIe, days
	
	
	

	Naϊve
	89.8
	92.3
	82.0

	Exposed
	80.8
	84.3
	82.4

	SEM
	2.0
	2.3
	1.8

	P
	.004
	.02
	.19


aNaϊve = cows never before exposed to ammoniated wheat straw.

bExposed = cows briefly exposed to ammoniated wheat straw as suckling calves only.

cStandard error of mean.

dProbability > F score.

ePostpartum interval to rebreeding.
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