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THE ECONOMICS OF PORK PRODUCTION
IN 1980 AND BEYOND

Ludwig M. Eisgruber
1

I. INTRODUCTION

Since 1972, prices of slaughter hogs have risen from the low twenties

($/cwt.) to the high fifties (in 1975) and have since dropped to the low

thirties. Between these highs and lows in prices were numerous up and

and down movements. Feed costs also have fluctuated widely. For instance,

corn prices went from just over $1/bu. in 1972 to $3.30/bu. in the fourth

quarter of 1974 and have since moved irregularly between $1.70/bu. and

the 1974 high of $3.30. In this period of highly fluctuating prices, the

question is being asked about the potential of pork production in 1980

and beyond. To answer this question, it is necessary that the economic

climate for the entire pork industry be assessed first. The competitive

position of the region, in this case Oregon, relative to other regions

in the country must also be evaluated. Finally, the pork producers'

own operations must be analyzed. This will be done in turn.

II. ECONOMIC OUTLOOK FOR THE PORK INDUSTRY

Per capita consumption of pork in the U.S. has stayed relatively

constant over the past 30 years (Table 1). Per capita consumption is

estimated to be 69 pounds in 1979, as compared to 70 pounds almost thirty

years earlier. Over this time span, per capita consumption has fluctuated

between 56 pounds and 79 pounds, largely as a result of the price of pork

relative to other meat prices. Tastes and preferences in food consumption

change very slowly. It is, therefore, to be expected that per capita

consumption of pork will stay at about current levels over the next

decade and that total pork consumption in the U.S. over the next five

to ten years will grow modestly at an average rate approximately equal

to the rate of population growth.

There are three concerns about the long-run prospects for the hog

enterprise. One of these is the burgeoning world population and the

1Department of Agricultural and Resource Economics, Oregon State University,
Corvallis
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Table 1. Consumption of Pork, Beef, Veal, Poultry, and Lamb and Mutton,
per Person, U.S., Selected Years 1950-79 1/

Year York	 Beef	 Veal	 Poultry Lamb and
Mutton

lbs./person

1950 70.0 70.0 n.a. n.a. 3.0
1960 64.0 90.0 n.a. n.a. 3.0

1970 66.4 113.7 2.9 50.1 3.3
1971 79.0 113.0 2.7 50.3 3.1
1972 71.3 116.1 2.2 52.5 3.3
1973 63.9 109.6 1.8 50.5 2.7
1974 69.1 116.8 2.3 50.0 2.3
1975 56.1 120.1 4.2 49.2 2.0
1976 59.5 129.3 4.0 42.5 1.9
1977 61.5 125.9 3.9 54.1 1.7
1978 61.4 120.1 3.0 47.1 1.6
1979 69.0 108.5 1.9 61,7 1.6

1/ Carcass weights for pork, beef, veal, lamb and mutton; retail weights
for poultry.
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argument by some that we cannot afford a human diet based on meat.

Another concern relates to increased attention on diet and emphasis on

polysaturated fats. Finally, there is concern over how the nitrite

issue will be resolved. While these are legitimate concerns and while

their resolution can have potentially significant impact on the pork

industry, it is not expected that there will be any substantial negative

results from these problems on the pork industry. Rather than decreasing

meat consumption, increasing incomes--even in developing countries--

invariably lead to increased demand for meat. As regards the dietary

role of red meats, scientific evidence is far from convincing to the

public and not strong enough to change people's food preferences rapidly.

The resolution of the nitrite issue is perhaps the most difficult to

predict, as it depends on government action which seems to be capricious.

But even on this issue, the most likely solution will be one which will

not be fatal to the pork industry. Consequently, our assessment is that

the pork industry will be a modestly growing industry, which will offer

good financial opportunities to well-managed operations.

Profits from the hog enterprise have been variable over time

(Figure 1, Table 2). Until 1972, this variability was largely due to the

hog cycle, which was the result of overexpansion when prices were high

and overcontraction in response , to falling prices. Feed prices were

relatively stable. Since 1972, feed prices have displayed more volatility

than ever before in history. Also since 1972, sales of American feed

grains on the world market have increased rapidly. The world market is

expected to continue to play an important role for U.S. feed grains,

but will add increased volatility to domestic feed grains. In tutn, this

will add to the variability in profits from the hog enterprise. We do

not anticipate that the four-year hog cycle, so well known to pork

producers, will disappear. However, it will likely be more difficult

to discern and more irregular as producers make adjustments not only

based on pork price changes but also based on feed price changes. The

implications are that pork producers will need to plan so that they have

the financial strength to withstand one to three consecutive years of

losses. Hog producers who grow their own feed will have much lower risk.
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It is estimated that between one-third to one-half of U.S. hog

production is currently coming from high investment confinement production

units. Over 10 percent of national production is estimated to come from

farms that sell over 5,000 market hogs per year. The trend towards these

types of operations will continue in the 1980s. However, this does not

mean that the small producer can no longer compete. As long as the small

producer has access to the market, he can be competitive. It is highly

unlikely that there will be developments over the next ten years which

will exclude the small producer from the market (as a result of concentration

of production and vertical integration).

Profits from pork production have been particularly high in the 1970s

(with the exception of three quarters in 1974 and a dip in 1976). It

is not likely that profits will continue at these levels. As already

indicated, there will be a gradual trend towards entry of large, capital-

intensive units into the industry. This will increase production and

competition and will gradually narrow the profit margin.

It is highly probable that pork producers will face a period of low

hog prices through summer of 1980. Prices are likely to be in the

thirties. Lowest prices should be expected to come in the first half

of 1980, and the extreme lows are likely to be close to $30.

III. THE PORK INDUSTRY IN OREGON

While the number of hogs on farms in the U.S. has fluctuated between

50 million and 70 million over the past three decades, hogs on farms in

Oregon have decreased from 180,000 to about 100,000 between 1960 and

1979 (Table 3). The reasons for this decrease are increased grain

prices in general, increases in feed grain prices in particular, and the

state's distance from areas where feed grains are produced. As a conse-

quence, Oregon pork producers face about the same pork prices as do

Midwestern producers, but they pay feed grain prices which may be 20 to

30 percent higher than those in the Corn Belt (Table 4).

For the Oregon producer to stay competitive, he will have to be

able to achieve high feed efficiency ($ feed fed/lb. pork sold), take

6



Table 3. Hogs (all ages) on Farms, Oregon and U.S.,
Selected Years 1950-1978 (December 1)

Year	 Oregon	 United States

--thousands--

1950 166 58,937

1960 184 59,026

1970 117 67,285

1973 101 60,614

1974 95 54,693

1975 95 49,267

1976 95 54,934

1977 100 56,539

1978 100 59,860
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advantage of special circumstances (by-products, unusual feed sources,

use of fixed labor, etc.), and generally have low costs of production.

IV. YOUR OWN OPERATION

1. Costs of Production? 

Know your costs of production! This may appear to be a most

simplistic suggestion. However, it is more common than one would expect

that the producer does not know his production costs. It is furthermore

surprising to many producers that costs of production for seemingly

similar operations may easily differ by as much as 10 percent and more.

Cost of production studies have repeatedly shown that variations of

$3 to $6 per hundredweight are common. This amounts to $6-12 per hog,

or $6,000 to $12,000 for a producer who sells 1,000 hogs per year.

There are many reasons why costs differ. These reasons include

poor feed conversion, poor health management, small litter sizes, death

losses, too much capital investment, poor labor efficiency, too much

debt or unfavorable borrowing terms, expensive feed, poor utilization

of facilities, etc. Having records on those cost components is the

first and essential step towards identifying problems and bottlenecks.

Once they are identified, it is generally possible to correct these

problems with the help of expert advice.

2. Continuing in Business in 1980? 

With low hog prices forecast between now and the latter part of

next year, it is reasonable for the pork producer to ask whether he

should go out of business, at least temporarily. The answer to this question

depends on his cost structure. (Another reason why it is important for

the pork producer to know his costs!) For a confined farrow-to-finish hog

operation, cost structure may well look as indicated in Table 5. This

producer's total cost of production is $43.35. He is already faced with

hog prices which are below his total costs of production. Should he

continue in business? The answer is obviously "yes," as long as the

price he receives for his hogs is above $33.30, his variable cost. The

9



Table 5. Cost Structure for a Farrow-Finish, Confined Hog Operation

Cost	 ($/cwt.)

Variable Costs

Feed

Corn 15.70

All other 14.30

Total feed 30.00

Electricity, gas 1.00

Interest on feed, livestock 1.00

Veterinary and medicine .60

Repairs (machinery, equipment) 	 .50

Miscellaneous and supplies	 .20

TOTAL VARIABLE COSTS 	 33.30

Fixed Costs

Building and equipment (depreciation,
maintenance, taxes, insurance, interest) 6.60

Labor 3.45

TOTAL FIXED COSTS	 10.05

TOTAL COSTS	 43.35

Cost Item

10



reason is that fixed costs will go on whether or not he produces any

hogs, and any amount of returns over variable costs can be applied towards

fixed costs. Such returns above variable costs would not be available

if he were to go out of business.

It should be noted that labor is listed as a fixed cost in Table 5.

This may not be appropriate in all cases. But on most farms, hogs are

produced with operator or family labor that would be idle if the hog

enterprise were shut down. Even on farms where labor is hired, it is

often difficult to reduce labor costs when production is reduced.

If hog prices were to drop below $33.30, the hog producer should

consider going out of business. A caveat is in order here. If the

price received for market hogs is expected to drop below variable cost

($33.30 in Table 5) only for a short period of time, it is not wise to

shut down, as costs of shutting down and restarting the operation will

outweigh the loss while staying in business.

3. Continuing in Business at What Level? 

The operator whose cost structure is provided in Table 5 is obviously

"locked in." But at what level is he locked in? The answer simply is

that the level of production should be that which utilizes available

facilities most efficiently (and variable costs are covered). This is

particularly true for capital-intensive systems of pork production.

In general, this means production at a level equal to the capacity of

the facilities. If production is at levels below this, fixed and

generally even variable costs per hundredweight of pork produced will

increase.

4. Upgrading Breeding Herd, Facilities? 

If an analysis of costs of production data shows that an upgrading

of the breeding herd or improvements in facilities would lower production

costs and thus make the enterprise more competitive, more profitable,

and less vulnerable to low hog prices, should these changes be made now

or late next year, when hog prices are expected to strengthen? The

11



answer here is that these improvements should be made sooner rather than

later, as the producer will want to be able to be in production with the

improved enterprise when prices rise. True, it would have been better

to sell the breeding stock last spring, when prices were higher, and

to get back into the business again between now and next April. However,

this opportunity has passed. On the other hand, the (lower quality)

breeding stock will not fetch significantly higher prices next fall than

it will now, whereas high quality brood sows may fetch significantly

higher prices then.

5. Expanding the Hog Enterprise? 

The very first step is, of course, the preparation of a realistic

budget for the type and size of system which appears to be suitable,

given available resources (labor, capital, land, feed). If the budget

and a forecast of the hog market (perhaps as outlined earlier in this

paper) show profitability for the enterprise, the question is whether

1980 should be the year to effect an expansion. If the forecast presented

above is accepted, the strategy should be to enter into expanded hog

production in the near future, as breeding stock should be purchased

or held back when prices are low. The producer will then be in production

and with a commodity to sell when prices start rising.

6. What System and What Size? 

It was earlier stated that a trend towards more capital-intensive,

factory-type operations is to be expected over the next decade. This

means that there will be more confined farrow-to-finish operations,

producing 5,000 or more market hogs per year, and employing two or

more people full time. However, this does not mean that a less capital-

intensive or smaller hog enterprise can no longer be competitive. The

most suitable size and type of system is likely to be different for each

hog producer and depends on the producer's resources. Before the question

of "What System and What Size?" can be answered, the producer must make

a careful analysis of his managerial ability, labor availability, feed

sources, land resources, amount of capital available, alternative lending
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sources and terms, ownership arrangements, ability and willingness

to take risks, etc. This analysis can then be used to identify the two

or three systems which best fit the circumstances. For instance, someone

who is short on hog production experience, short on capital, wants to

avoid risk, and is either a landlord or tenant, would wish to explore a

one or two litter farrow-to-finish pasture system. On the other hand,

someone who is well capitablized, is above average in buying, selling,

husbandry, and labor supervision, who is willing to take risk, and who

is further willing to make a long-term commitment to hog production would

wish to evaluate a high investment confinement farrowing to finishing

system or a high investment feeder pig production operation. Once the

system which is feasible from a resource availability point of view is

identified, detailed budgets can be prepared to arrive at the final

system and size of operation. Such budgets are illustrated in Tables 6

and 7. While these budgets contain figures which are unlikely to be

those exactly applicable for any and every given case, they provide a

format for an organized approach and space for the producer's own

figures.

V. CONCLUDING COMMENTS

Like many agricultural enterprises, the hog enterprise has returned

variable profits (and losses) over time. This variability will continue

and is even expected to increase. During the 1970s, profits from pork

production were better than in the previous decades. These favorable

profits are likely to decrease gradually during the next decade. In

the short run, that is through much of 1980, hog prices are expected to

be in the thirties and low thirties, a level at which some producers will

not be able to cover all costs.

Oregon producers are at a comparative disadvantage in producing pork

because of their distance to feed grain producing regions. While the

price of feed tends to be higher than that of their competitors in the

Corn Belt, hog prices are about the same. This makes superior manage-

ment, innovative techniques, efficient use of resources unique to the

particular operation, and careful cost accounting and cost control

particularly important for the Oregon pork producers.

13



Table 6. Estimated Budget for a 50-Sow Low-Investment Confinement System

Item 50 Sows Your Figures

A. Income

1. Market hogs (220 lbs. @ $35/cwt.) 722 head = $55,594 $

2. Sows (425 lbs. @ $29/cwt.) 20 head =	 2,460

3. Nonbreeding gilts (300 lbs. @ $32/cwt.) 8 head =	 770

4. Boars (425 lbs. @ $23/cwt.) 4 head =	 400

5. cross income $59,224 $

B. Direct Costs

1. Feed

a.	 Corn equivalent ($110/ton) 284.2 tons = $31,262 $

b.	 Purchased feed (11c/lb.) 62.5 tons =	 13,750

c.	 Total feed $45,012 $

2. Veterinary and medicine 800

3. Boar purchase (@ $300) 4 head =	 1,200

4. Marketing 1,370

5. Power and fuel 1,250

6. Miscellaneous (bedding, supplies) 1,050

7. Total direct costs $50,682 $

8. Income over direct cost (A.5 - B.7) $ 8,542 $

C. Overhead Expenses

1. Investment overhead

a.	 15-year depreciable facilities (15.5%) 1/ $15,000 = $ 2,325 $

b.	 8-year depreciable facilities (21.5%)2/ 16,500 =	 3,545

c.	 Breeding stock (10.4%)
3/

7,750 =	 805

d.	 Operating inventory (10.4%)4/ 12,750 =	 1,325

e.	 Total investment overhead $ 8,000 $

2. Labor ($3.50/hr.) 2,250 hrs.	 7,875

3. Total overhead $15,875 $

D. Summary

1. Net return to management (B.8 - C.3) 	 -$ 7,333	 $	

2. Per hour return to labor and management [(B.8 - C.1.e)/hrs.] 	 0.24

3. Return on investment (excluding land) 	 -11.2%

4. Return to labor, management, and investment (excluding land) 	 3,804	 $	

Source: D. H. Bache and J. Foster, "Pork Production systems with Business Analysis," ID 121, Purdue
University, West Lafayette, Indiana, 1976. Modified by L. M. Eisgruber, October 1979.

1/ Depreciation: 7%; Interest: 4.5%; Maintenance: 2%; Taxes: 1.5%; Insurance: 0.5%.

2/ Depreciation: 12%; Interest: 4.5%; Maintenance: 3.6%; Taxes: 1%; Insurance: 0.4%.

3/ Interest: 9%; Taxes: 1%; Insurance: 0.4%; Depreciation: (purchase - selling) s years of use.

4/ Interest: 9%; Taxes: 1%; Insurance: 0.4%.
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Table 7. Estimated Budget for a 150-Sow High-Investment Enterprise

Item 150 Sows Your Figures

A. Income

1.	 Market hogs (220 lbs. @ $35/cwt.) 2162 head = $166,474 $

2.	 Sows (425 lbs. @ $29/cwt.) 60 head = 7,395

3.	 Nonbreeding gilts (300 lbs. @ $32/cwt.) 24 head = 2,304

4.	 Boars (425 lbs. @ $23/cwt.) 6 head = 585

$176,758 $5.	 Gross income

B. Direct Costs

1.	 Feed

a.	 Corn equivalent ($110/ton) 829.1 tons = $ 91,201 $

b.	 Purchased feed (11c/lb.) 190 tons = 41,800

c.	 Total feed $133,001 $

2.	 Veterinary and medicine 1,500

3.	 Boar purchase (@ $300) 6 head = 1,800

4.	 Marketing 4,080

5.	 Heating fuel 8500 gal. = 6,800

6.	 Electricity 600

7.	 Truck and tractor use 1,200

8.	 Miscellaneous (bedding, supplies) 1,500

9.	 Total direct costs $150,481 $

10. Income over direct costs (A.5 - B.9) $ 26,277 $

C. Overhead Expenses

1.	 Investment overhead

a.	 15-year depreciable facilities (15.57)1 $71,340 = $ 11,055

b.	 8-year depreciable facilities (21.5%)
2/ 91,660 = 19,710

c.	 Breeding stock (10.4%)
2/ 21,750 = 2,260

d.	 Operating inventory (10.4%)4/ 38,250 = 3,975

e.	 Total investment overhead $ 37,000

2.	 Labor ($3.50/hr.) 4,200 hrs.	 = 14,700

3.	 Total overhead expenses $ 51,700

D. Summary

1. Net return to management (B.10 - C.3)

2. Per hour return to labor and management [(8.10 - C.l.e)/hrs.]

3. Return on investment (excluding land)

4. Return to labor, management, and investment (excluding land)

-$ 25,423	 $	

- 2.55

- 8.9%

2,012	 $	

Source: D. H. Bache and J. Foster, "Hog Production Systems with Business Analysis," ID 117, Purdue
University, West Lafayette, Indiana, 1976. Modified by L. M. Eisgruber, October 1979.

1/ Depreciation: 7%; Interest: 4.5%; Maintenance: 2%; Taxes: 1.5%; Insurance: 0.5%.

2/ Depreciation: 12%; Interest: 4.5%; Maintenance: 3.6%; Taxes: 1%; Insurance: 0.4%.

3/ Interest: 9%; Taxes: 1%; Insurance: 0.4%; Depreciation: (purchase -selling) :years of use.

4/ Interest: 9%; Taxes: 1%; Insurance: 0.4%.
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PSEUDORABIES: A PLAN FOR PREVENTING
ITS INTRODUCTION INTO OREGON

Alex Hogg, D.V.M.1

Introduction and History

Pseudorabies (Aujeszky's Disease) is an acute, frequently fatal

disease affecting most species of domestic and wild animals. The disease

is caused by a virus of the Herpesvirus group, and is characterized by

a variety of clinical signs - those involving the nervous and respiratory

systems being particularly prominent. Severe itching and self-mutilation

are seen in most species but rarely in swine.

The disease was first recognized as an infectious disease of cattle

and dogs in Hungary by Aujeszky in 1902. It soon became evident that

swine were the natural hosts of the virus, and that pigs could also die

of the disease. Pseudorabies has been recognized in Europe for many

years as an important cause of death in swine of all ages, and also a

cause of abortion. In the U.S.A. the disease was until recently considered

to be important only as a cause of death in baby pigs, and occasionally

in cattle, dogs and cats. It has become evident, however, that pseudo-

rabies is not only more prevalent in the U.S.A. than was formerly be-

lieved but also that the viruses present in this country are capable of

causing a wide variety of clinical manifestations, including death in

newborn and adult swine, and fetal death with abortion in pregnant swine.

The disease is now widespread and of considerable economic importance

in many of the midwestern states.

Immunity

Recovery from pseudorabies usually is followed by solid, active

immunity which may last for years. The passive immunity transmitted

from an immune sow to her offspring through the colostrum can protect

the piglets for S to 10 weeks, after which they are fully susceptible.

The passive immunity may, however, be too low to protect the piglets,

Extension and Research Veterinarian, University of Nebraska-Lincoln
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thus the offspring of immune sows may also die of pseudorabies.

Both modified live virus vaccines and inactivated vaccines are

commercially available in many states in the U.S. swine belt. While

vaccines reduce death losses from pseudorabies, they do not prevent

spread of infection. In addition, the widespread use of any vaccine

makes detection of the virulent virus by serological tests impossible,

and thus eradication of the disease much more difficult.

Spread of Infection

Pseudorabies is spread mainly by direct contact between swine,

the nose being the main entry point for the virus. Nasal discharges

and saliva contain the virus, and thus drinking water, bedding, and

other objects such as clothing and instruments may become contaminated

with the virus. The virus can thus be spread without movement of pigs.

When entering swine premises, clean clothes should be worn, and boots

should be disinfected on entering and leaving the premises.

Recovered pigs may become carriers of the virus, and can later

infect susceptible pigs, cattle or sheep with which they come into

contact. Severe cattle losses from pseudorabies have occurred as a

result of contacting apparently normal carrier swine. Normal appearing

carrier swine are a common means of introducing the virus to swine

farms.

Since so many species of animals are susceptible to pseudorabies

virus, the proper disposal of animals that have died from this disease

so that their carcasses won't be eaten is of extreme importance in

any control program. Proper disposal means either deep burial, burn-

ing or removal to a rendering plant.

Dogs and cats are very susceptible to pseudorabies, and usually

become infected through contact with infected swine. Wild animals

such as raccoons, skunks, and mice are also susceptible to the disease.

Rats are quite resistant, and have been shown in Europe to carry the

virus and possibly spread the disease. There is no conclusive evidence
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of spread of pseudorabies by dogs, cats, or wild animals in the U.S.A.,

but pseudorabies-infected raccoons have been found on or near infected

swine premises. These animals could have become infected by contact

with infected swine.

Prevention: A Plan for Oregon

To my knowledge a positive case of pseudorabies has never been

diagnosed in Oregon. This is an enviable situation and one that is

worth considerable effort to maintain. The most likely source of in-

fection is carrier swine imported from a state where pseudorabies now

exists. Prevention must be aimed at eliminating this source of virus.

Oregon Plan:

1. Require that all imported swine, including breeding stock

and feeder pigs have a negative SN (serum-neutralization) blood test

within 30 days prior to arrival or originate from a pseudorabies

qualified herd.* The only exception to the testing requirement on

imported swine would be market animals which must be consigned directly

to a packing plant for immediate slaughter. Market swine should not

go through auction markets or other collection points.

2. The second and the most important part of the Oregon plan

would require that all breeding animals be strictly isolated on the

farm of destination or a nearby farm having no swine and retested after

21 days. No animals to be co-mingled with the main herd until the

negative status of the second test has been confirmed. The reason for

the retest is that it takes about 10 days for an animal to develop a

positive SN test after infection and thus could be in the incubation

stages at the time of the first test. In addition, animals can and do

become infected during transit.

3. Imported feeder pigs need not be required to have a second test

but must be quarantined to the farm of destination and moved only to

*A pseudorabies qualified herd has had all breeding stock SN tested and

found negative to pseudorabies. In addition, 25% of the herd must be

retested every 3 months and found negative to maintain qualified status.
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slaughter. Imported feeder pigs should never be brought to a farm that

maintains a breeding-farrowing operation.

4. In general, pseudorabies affects the nervous and respiratory

systems. The clinical signs include convulsions, shaking, paddling,

and coughing. There is a high mortality in pigs under 3 weeks of age.

Mortality decreases with age being only 1 or 2% in animals over 6 months

of age. Pork producers and veterinarians should be familiar with these

clinical signs of pseudorabies. Furthermore, all suspicious cases

should be submitted to the state veterinary diagnostic laboratory and

reported to the state veterinarian.

5. The key of preventing pseudorabies in Oregon lies with the

state's pork producers, practicing veterinarians and State and Federal

regulatory officials. The pork producers are by far the most important

group since they must be knowledgeable about pseudorabies and prevent

its introduction into Oregon on an individual farm basis. Pork producers
also have a strong incentive to prevent the spread of pseudorabies; they

have the most to lose.
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SWINE HERD HEALTH AND MANAGEMENT PROGRAM

Alex Hogg, D.V.M.1

GILT DEVELOPMENT

A. Sort gilts - 200 to 240 lbs. or about 6 months old.

B. 'Select gilts with well developed external genitalia and with at least
12 nipples (not inverted).

C. Teat spacing is very important. Avoid small glands crowded between
normal glands.

D. To stimulate cycling.
1. Move to another pen and regroup.
2. Pen boars in adjacent pens.

E. Feed 4 lb. of a 12-14% protein ration adequate in vitamins and minerals.

F. Avoid "least-cost" rations for the breeding herd.

G. Follow University of Nebraska recommendations on nutriton. (Swine Diet
Suggestions - EC77-210).

CALCIUM:PHOSPHORUS

Requirements per sow per day - Ca 16 grams
P 14 grams

Ca:P REQUIREMENTS

In Different Gestation Rations

Fed Daily 
	

%Ca	 %P

3 lbs.	 1.2
	

1.0
4 lbs.	 1.0
	

0.8
5 lbs.	 0.7
	

0.6

PREBREEDING GILTS

A. Two weeks before breeding:
1. Increase ration to 6-7 lbs. daily for 21 days only.
2. Vaccinations:

Leptospirosis (5 species)
Erysipelas
Pseudorabies

1
Ex

t
ension and Research Veterinarian, University of Nebraska-Lincoln
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-2-

3. Spray for lice and mange.
Lindane 0.06% spray
Malathion 0.5% spray
CoRal Emul. Conc. 1 qt./50 gal. water

4. Repeat spraying in 10 days.

B. One week prior to breeding:
Add 200 grams/ton of Aureomycin or Terramycin to ration.

BREEDING AND GESTATION

Boar Bring to the farm 60 days before breeding:

A. Isolate 30 days. Inspect legs - no mycoplasma arthritis and good libido.

B. Retest - Brucellosis, all strains lepto, and pseudorabies.

C. Feed fresh boar's manure to gilts 30 days or more before breeding. Repeat
manure feeding 5 days later. (This is to insure exposure to SMEDI viruses.)

D. Allow boar to breed 2 or 3 market gilts while in isolation.

E. Observe boar for libido and anatomical defects.

F. Return gilts to breeding gilt pen after boars on premises 30 days.

G. Consider purchasing Accredited SPF boars:
Mycoplasma Pneumonia
Atrophic Rhinitis
Swine Dysentery
Brucellosis
Pseudorabies

Lice and Mange
Performance Testing (Nebraska)

H. Check for inverted nipples. Must palpate nipples. Avoid short or pointed
nipples.

Boar Pseudorabies Control

A. Negative SN test prior to purchase or from "PRV qualified herd".

B. Strict isolation and retest after 30 days.

Gilts 

A. Sort out after breeding.

B. Reduce ration to 4-5 lbs. - 10,000 units Vitamin E/ton.
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PREFARROWING RATION

A. Avoid sudden changes in ration at farrowing time.

B. Avoid overfeeding - may cause edema of udder.

FARROWING

A clean sow:

A. Wash sow

B. Worm sow

C. Spray sow for mange and lice

D. Lactation ration - limit feed

E. No feed first 24 hours

F. Clean drinking water at all times until weaning

A clean house:

A. High pressure sprayers (2 gpm)

B. Disinfection
Organic iodine
Chlorhexidine (Nolvasan
Fumigation

SPECIAL VACCINATIONS FOR SOWS DURING GESTATION

A. Time prior to farrowing:
Oral live cultures of E. coli - 30 days
Erysipelas - 3 weeks
TGE - 6 weeks and 2 weeks
Clostridium toxoid - 6 weeks and 2 weeks

AFTER FARROWING

A. Gradually increase lactation ration to full feed at fifth day.

B. Clip needle teeth and tails but not navel cords (unless tied with tape).

C. Dip navels in tincture of iodine.
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D. Temperature - house--70°F; floor--90-95°F.

E. Inject iron - 3 days and 15 days.

FARROWING SCHEDULES

A. Two litters - spring and fall

B. Four litters - March, June, September, December

C. Six litters - even months

D. Ten litters - breed for two weeks every five weeks

ATROPHIC RHINITIS CONTROL

A. Sulfa treatment - 100 grams/ton
Sows - 7 days - 3 weeks prefarrowing
Weaned pigs - 21 days

B. Bordetella Vaccination (Bacterin)
Sows - 2 injections--4 weeks and 2 weeks prefarrowing
Pigs - 2 injections--3 days and 3 weeks (or 7 days and 28 days)

PROCEDURES FOR WEANED PIGS

A. Erysipelas vaccination at 6 to 8 weeks of age.

B. Pasteurella vaccination.

C. Pseudorabies

a. Pigs from non-immune sows - 3 days old

b. Pigs from immune sows - 3 to 8 weeks old

D. Inject iron dextran.

E. Castration (time varies).

ANEMIA IN SOWS

A. Hemoglobin:
Normal > 12 grams/100 ml
Anemia < 9 grams/100 ml

B. Treatment:
Inject 500 mg Iron Dextran

1 lb. Ferrous Sulfate

ADVANTAGES OF MODULAR NURSERY BUILDINGS

A. Can use "all in - all out" concept.
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B. Permits thorough cleaning and avoids bacterial buildup.

C. Can maintain floor temperature at 85°F - optimum for 3 week weaning.

D. 100% slatted floor essential for optimal sanitation.

E. Nipple waterers deliver clean water.

F. Limit feeding can be practiced.

POSTMORTEM EXAMINATIONS

A. Pigs that die on farm:
a. Postmortem examination of all dead pigs permits veterinarian to stay

ahead of health problems.

B. Packing plant disease exams:
a. Allows veterinarian an opportunity to monitor chronic problems such

as atrophic rhinitis, mycoplasmal pneumonia and internal parasites.

SOW RECORDS

A practical system for comparing reproductive efficiency of sows within

the herd.

SOW RECORDS

1. Pigs born alive

2. Pigs weaned

3. Age weaned in days

4. Weight of litter - lbs.
M. Ash

SOW RECORDS

Sow

	

Pigs	 Age(Days)	 Wt. of	 Performance
Sow No.	 Weaned	 Weaned	 Litter	 Index 

6-46 7 25 80 3.2

7-78 8 23 120 5.2

8-32 11 24 148 6.2

M. Ash
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SOW PERFORMANCE INDEX

Weight of litter 
Age at weaning

= Sow Performance
Index

M. Ash

SOW PERFORMANCE INDEX

148 lbs. =	 6.2 Index
24 days

M. Ash



HERD HEALTH MANAGEMENT:
TRYING TO LIVE WITH LESS

William T. Ahlschwedel

Pork producers in Oregon, in Nebraska and across the country seem to be

quite aware of the problems and the costs of disease problems with pigs.

Nearly every survey of pork production problems taken during the last ten

years indicates producers have disease and disease losses on their minds.

It is less clear that there is agreement on how to deal with health problems

or how to avoid health problems. It seems to me that there are two approaches

to managing herd health. The one that seems to be gaining momentum today is

an approach of "name me the problem and I'll find a vaccination for it." The

other approach, the one which I advocate and am more comfortable with is one

of management to prevent disease losses and spread. It is an approach to herd

management which reduces health risks and reduces threat of loss from introduc-

tion of new diseases. We often hear people say "that's a disease problem we

can live with." I would rather approach the general topic of swine herd health
management as "how to live with less."

When it comes to swine health problems having less to live with is a

desirable situation. Like so many other things that are important or good it

is much easier said than done. The preventative management program requires
some understanding of swine diseases and how they're transmitted. A preventa-

tive health management program often requires planning ahead, farther ahead

than is common on most hog farms. Having a good herd health management program

often requires a persistence to detail -- day by day detail -- which may grow

tiresome and boring. However, it is attention to this kind of detail that

reduces the risk of disease problems, increases the potential for profit and

in the end makes the management of the operation more smooth and rewarding.

One of the attributes of a good preventative, herd health management program

is that it is a general program; a program that covers more eventualities than

we can think of or know of. It's a general program in that it provides some

degree protection against all disease problems -- diseases which we know about,

1
Extension Swine Specialist, Animal Science Department, IANR,
University of Nebraska, Lincoln 68583
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diseases which we don't know about. Hence to build such a program requires a

general notion of what's involved in herd health management and some assurance

that the program will work in the most important specific cases of herd health

problems.

For discussing the control or spread of disease it's helpful to have a

common framework. For me a common framework is to talk about the disease-

causing agent, the host and the reservoir. In the case of pseudorabies the

agent is the pseudorabies virus, the host is the infected animal and the

reservoir is the place, the animal or whatever, where the virus is stored. In

many cases the host is the reservoir. In fact, with many swine diseases the

host is the reservoir. Attempts at controlling spread of disease usually

attempt to isolate the host from the agent. Generally this means isolating

the host or potential host from the reservoir.

One of the disease control programs which is fairly successful in controlling

disease spread is the SPF program. In the simplest form the SPF concept is to

isolate noninfected animals (potential hosts) from all reservoirs of disease.

In practical terms SPF procedures isolate noninfected animals from reservoirs

of several diseases costly to pork producers.

The main direct benefits of the SPF program are the elimination of

atrophic rhinitis, mycoplasmal pneilmonia, vibrionic dysentery, brucellosis,

leptospirosis, lice and mange. The isolation procedures necessary to achieve

and maintain the SPF status produce secondary benefits through reducing the

chances of other disease problems.

The essential steps for SPF repopulation are: 1) obtain pigs aseptically

at birth; 2) raise pigs in laboratory isolation; 3) grow pigs to maturity in

isolation on farms; 4) resume normal farrowing and production methods; and 5)

restock other farms with specific-pathogen-free pigs obtained by normal birth

and production.

In order to maintain the "specific pathogen free" condition, management

procedures at the repopulated farm must be adequate to effectively isolate the
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SPF pigs from sources of the controlled diseases. This means making additions

to the herd only from SPF sources, preventing contact with non-SPF pigs and

eliminating other sources of pathogens. This usually means double fencing to

prevent pigs from other farms straying onto an SPF farm, restricting traffic

(people, vehicles and other animals) going into the SPF production area and

establishing effective sanitation practices to minimize the risks of necessary

traffic (footbaths, clothes and boot changes, etc.)

The diseases controlled by the SPF procedure -- atrophic rhinitis,

mycoplasmal pneumonia, vibrionic dysentery, leptospirosis and brucellosis --

represent health problems which have been historically difficult to control.

Although these diseases are quite different in many ways, they are similar in

that carriers are common. With each of these diseases, infected animals who

do not show apparent symptoms of the disease usually spread the disease. These

are cases where the host animal itself is the reservoir for the causative agent.

The high incidence of carriers has made these diseases difficult to control by

conventional methods. In addition, pig to pig contact is by far the most common

means of infection for these diseases. These two factors explain why the SPF

procedure is effective for these diseases.

Atrophic Rhinitis (AR) -- This disease is characterized by the degenera-

tion of the turbinates in the noses of infected pigs. The turbinates are

skeletal structures whose function is to moderate the temperature and filter

air as it is inhaled. Severe cases of turbinate atrophy are characterized by

distorted or crooked snouts.

The causes of AR are not well understood. Much research has been done

and continues in an attempt to isolate the organisms responsible for AR.

Bordetella bronchiseptica, Hemophilus and Pasteurella sp. are some of the

organisms which have been associated with the disease. At one time, Bordetella

AR could be effectively controlled by antibiotics or sulfa drugs. However,

these drugs are no longer effective due to higher incidence of resistant strains

of the organisms.

The direct economic importance of AR does not appear to be large. Indirect

effects, however, may be important. When the turbinates degenerate, dirt,

bedding, feed and other debris are allowed to enter the lungs. This congestion

appears to predispose the pig to pneumonia.
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Mycoplasmal pneumonia-- was originally labeled virus pig pneumonia (VPP).

Recent research has shown the causative agent to be a mycoplasma rather than

a virus. This chronic pneumonia often persists in the pig from birth until

slaughter. Research has indicated that pigs infected with mycoplasmal pneumonia

require an additional 200 lb. of feed and 30 days to reach market weight.

Further, random sampling in midwest slaughter plants indicates that about 40%

of the pigs have lesions in the lungs typical of this pneumonia. Presence of

the lesions followed by histopathological tests are used to diagnose this

disease syndrome. Infected animals may not appear to be sick, although coughing

is common.

Vibrionic Dysentery -- or bloody scours is a problem for many pork producers.

Only in recent years have drugs been developed which help control this disease.

Vibrionic dysentery is a contagious disease which spreads rapidly. Although

most animals in an infected herd are affected, carriers are common -- animals

which do not appear to be sick, but have the capability of infecting others.

Repopulation with non-infected stock is the most effective way to control bloody

scours.

Brucellosis -- is a reproductive disease of pigs. Its incidence in swine

herds today is low. Infected animals can be identified by blood tests. Although

brucellosis does not pose the threat today that it did twenty years ago, SPF

procedures eliminate the disease.

Other Diseases -- The SPF procedures are effective against other non-specific

disease syndromes, particularly those which require pig to pig contact for

transmission. Management procedures and habits of the herdsmen which increase

the non-"pig to pig" exposure increase the chances for disease problems. The

probability of disease in an SPF herd decreases as the level of sanitation

increases.

Parasites -- SPF procedures are effective in eliminating lice and mange.

The isolation needed to maintain an SPF status prevents entry of lice and

mange. Internal parasites are not controlled by the SPF procedure. Elimination

of the pig-to-pig contact makes the job of controlling worms much easier than

in non-SPF herds.
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The Unknown -- The SPF procedure is a general health procedure which

extends beyond the "specific" diseases and beyond the limits of our knowledge

SPF is effective in eliminating AR and vibrionic dysentery even though the

exact causes and organisms involved are not known. By breaking the existing

disease cycles and isolating pigs from causes of disease, the SPF procedure

is effective against both known and unknown diseases.

The transmission for these chronic diseases usually is from dam to offspring

soon after birth. On infected farms, baby pigs get inoculated with large doses

of the causative organisms by the time they nurse the first time. When infected

this early in life, the pigs usually are never able to eliminate the disease.

My purpose in talking about the SPF program is not to sell the program,

although I do recommend it highly, but rather to use it as an example to

describe what I mean by preventative herd health program. We can take the

principles and practices of the SPF program and apply them to pork production

in general. That in fact has already been done. I think the SPF program has

had two important impacts on the swine industry. The first is that in our part

of the country it has supplied large numbers of healthy pigs, large numbers of

boars available for sale. Boars which represent minimum health risks to producers.

The second impact is that producers today often operate in ways that have been

brought to their attention by the SPF operations. Many of our large producers

use the isolation procedures that are a must for SPF production. Producers

today are more aware of disease problems and consider health status when they

choose sources of breeding stock. The health control measures that are

necessary in the SPF program are currently recommendations to all commercial

producers.

The lessons to be learned from the SPF program have to do with farm-to-

farm movement of pigs. Those lessons have to do with where we buy breeding

stock and how we identify minimum risk procedures for keeping disease problems

off of our farm.	 -

A second part of the herd health management program is how we operate on

our own farms. How do we manage our herd to reduce the costs associated with

those diseases we already have on our farm. My approach to this is to use the
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natural systems, the immunity generating systems of our pigs and particularly

of our sow herd in such a way that it will reduce our reliance on outside

disease controlling mechanisms. As a routine measure I would prefer not to

have to rely on vaccinations or antibiotics to operate a herd. I prefer to

have the antibiotics available for help when I need them rather than to rely

on them as routine measures. If I rely upon the antibiotics and chemotherapeutic

agents on a routine basis I have no where to turn in an emergency. We would

like to manage our herds in a way that we don't have many surprises when it

comes to disease problems.

I know of no herd of pigs, including any of the SPF herds, which are free

of disease. All have some organisms which cause disease. Most of these can

be managed within a herd in a way that problems don't appear. On the other

hand nearly all of these can be managed in a way that problems are commonplace.

The job at hand is to operate a herd to avoid the surprises, to avoid the

problems.

First let's deal with the problem of introducing new seed stock. Let's

buy wise and purchase a new boar from a seed stock source that represents a

minimal disease risk. We can be assured that he'll bring some new pathogens

to us. Hopefully they will not cause serious problems. The procedure for

introducing new breeding stock which we in Nebraska have been recommending has

grown more popular since the pseudorabies scare in the midwest. This intro-

ductory procedure for a new boar is 60 days in length. We recommend that the

boar be brought to the farm and held in isolation for 30 days. Isolation from

your breeding herd. We recommend that the new young boar be taken some companions

from the herd, preferably some young gilts about his age and size. They serve

two or three purposes. The first is simply to keep him company. Secondly

these young gilts serve as playmates -- they provide the stimulation needed'

to assure his proper sexual development. Thirdly and more importantly, they

offer an opportunity to get the young boar exposed to organisms that are on

your place that he has not been confronted with previously. Observations,

including blood testing, during this period gives us some assurance that he's

not bringing dread diseases to our premises. If the boar does get sick from

something he's exposed to during transport or from the gilts that you place with

him the 60 day period allows him to recover sufficiently to be fertile at the

end of the 60 day period. Following the first 30 day isolation period we
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recommend that the boar be intoduced to your sow herd, to your breeding stock

herd, but not yet used for breeding purposes. We recommend 30 days of fence-

line contact with plenty of fecal contamination between pens as a way to

introduce your sow herd to whatever he may have that would catch them by

surprise. Two things begin tohappen. First is that any active disease

that the boar brings with him will have quieted down. The level of the agent

involved will be reduced by the second 30 days. Secondly, the breeding herd

gets exposed to these agents at a time when losses are less likely. Once

we've allowed for these adjustments the boar is ready to use and we're ready

to use the boar. We expect a successful introduction of the new stock to

the farm. The first 30 day isolation period lets us reduce the amount of

exposure that the new boar brings and gives us assurance that he brings no

dread disease. The controlled exposure of the second 30 day period gives us

a method to get a common pool of immunity against the organisms at a time

when exposure and infection are not costly.

Exposure and Immunity -- These are two words that are very important in

the arsenal of disease fighting management procedures for any pork producer.

Not just exposure, but controlled exposure; not just immunity, but specif con-

trolled immunity. I think our job in managing the breeding herd is to handle

it, to house it and to move it around in such a way that we maintain a common

pool of exposure and a common pool of immunity. The purpose is to avoid sur-

prises. We don't want sows surprised by organisms when they reach the breeding

pen. If we have organisms on the farm which cause breeding difficulties we

don't want the exposure to them to be on the day of breeding. We need to

maintain group exposure. The exposure comes at non-critical times. We don't

want to surprise sows in the farrowing house with pathogenic E. coli. We

want to operate the farm in such a way that the sow is exposed to any resident

E. coli at a time when that infection is not critical. We need to develop

management schemes that promote this exposure and promote high levels of

immunity to the organisms on our farm which cause difficulty. Like the SPF

program, these procedures are effective against things we know about as well

as things we don't know about. The approach is consistent with all kinds of

disease whether we know of them or not.

Exposure Dose 

A second dimension of exposure is a quantitative one. It's a dose rate

exposure. Simply stated, the larger the dose of pathogenic organisms which

attack an individual the more likely an infection and the more severe the
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infection. We often hear producers and others talk about how the organism grew

more virulant as it spread through the farm. They sometimes indicate that the

first cases of a disease were not very severe but as the infection spread the

cases became more severe. In all probability this increase in severity of

infection is not due to any change in the organism but rather due to a

larger dose of the pathogen. Early in the infection the number of organisms

being exposed to an individual were small. As more individuals in the herd

become infected the number of the organisms being exposed to an individual

become much larger.

The reasons why dose exposure is important have to do with the normal

defense mechanisms of pigs. The pig is supplied with several disease fighting

systems. Pigs have many ways to prevent organisms from entering their body.

The hair serves as a filter. The skin is a barrier. The mucas in the nose and

in the mouth tend to catch organisms and move them out of the body rather than

in. The tonsils are like a doormat that catch organisms as they enter the oral

passages. The turbinates in the nose, the filtering mechanisms and the

respiratory systems also tend to trap and keep out of the body organisms which

may be pathogenic. If the attack of the pig by a pathogenic organism is small

enough in number, these general disease fighting mechanisms prevent an infection.

They keep the organisms from entering the body. The next level of protection

is also a generalized system. It is a system that operates after the organisms

gain entry to the body. In small numbers invading organisms can be detected

and tied up without the need or use of specific antibodies. In large numbers

these generalized disease fighting systems will not stop an infection. Hence

we reach the practical point. If large numbers of pathogenic organisms attack

the pig he will become infected. The larger the number once we reach this

infection level the more serious will the infection be and the more rapidly

will the pig become sick. This then brings us back to where we started. The

number of organisms confronting the pig is an important consideration. We

might be able to live with very small numbers of any organism. With large

enough numbers of organisms challenging a pig, nearly any organism can cause

a problem.

This dose exposure relationship adds then yet another dimension to our

considerations in developing a herd health management program. It brings
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substance to our desire to live with less. Low dose exposure rates is part of

what's involved in living with swine diseases. If we can keep the level of

organisms low enough within a herd we will not have disease problems.

Immunity 

The response side of exposure -- immunity is immunity. I'm in trouble

with immunity because I don't know enough. However, I've not been able to

find anyone else who I felt knew enough about immunity. The type of herd

health management program which I recommend relies heavily upon controlled

immunity to organisms that are potential problems and which exist in the herd.

And yet there are some things about immunity which I simply don't understand.

We know that mammals can acquire a systemic immunity. The circulating blood

carries the antibodies which can and will attack and tie up the specific

disease causing agents. There also is local immunity. This is a cell mediated

immunity which is not system wide but only in the local area. The type of

immune response that the host manifests apparently depends upon the organism

causing the infection. Because of this the type of exposure is sometimes

critical. Because of this some vaccination programs, have not been successful.

I think there is a risk or a temptation involved in taking too much for

granted with immunity. When we begin to look critically we find some funny

things going on with "immunity". Simplistic notions about how immunity works

are shattered by carriers and shedders. For instance, if immunity works so

well how can a boar that had TGEas a baby pig shed the virus and transmit it

to other pigs when he's a year old. It appears they can. If immunity works

so well how is it that organisms taken from a previously infected pig that

has high titer for pseudorabies begin to shed the virus after being kept alive

in an incubator for as much as six months. The organs'were removed from the

pig in slaughter and kept alive artificially in the laboratory. They later

shed the pseudorabies virus. The pig at slaughter had high levels of antibodies.

How can this happen if the immune system works so well. Why do we have situa-

tions where the pigs have the disease and never develop any immunity or at

least they maintain active infections all their life. I presume that the body

of knowledge that we collectively have would allow someone to explain in more

detail how the immune systems work and why we have these queer things happening.
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I don't know where this body of knowledge has been brought together to help

us engineer herd health management programs.

The herd health management programs which I describe and promote rely

heavily upon immunity. Yet I really don't understand immunity very well.

This may seem inconsistant. However as we reflect on the herd health manage-

ment program which I recommend we see that it does not rely solely on immunity.

Immunity is simply one part of that program. That program relies more heavily

on isolation and lack of exposure than it does upon immunity. We try to

use controlled exposure and the resulting immunity for diseases which we know

exist on our farm. That exposure is geared to mimic the natural disease spread

so that the systems work in the most natural way. Hence, the immunity is working

for us as it normally functions and rather than in a way that is artificially

stimulated. With natural exposure we try to use the immunity in a low risk

way rather than in a high risk way.

One of the reasons why I dwell upon the unknown in the immunity area is

that the alternate herd health management programs rely heavily upon immunity.

The people who promote TGE vaccination have been manufacturing vaccines for

ten or fifteen or twenty years. Those vaccination programs have changed. They

seem to change every year (although I'm sure they don't change quite that often)

The very people who last year were saying "we have an excellent vaccination

for TGE" bring out a new product and say "this year we've got a new system and

this one works". In other words, the system they advocated last year didn't

work. Yet, they sold it with the same words of assurance that they sell their

new product today. All we have to go on is their pledge and claim that it

works. There's no reason why we would expect their word to be any better this

year than it was last year. When we approach herd health from the "vaccinate

for anything that moves" philosophy we place a much higher reliance upon

specific immunity than we do with the program which I propose. In addition we

purposefully expose our herds to organisms which we don't think we have. If

we had them we would already have the immunity and we wouldn't need to vaccinate.

And secondly, we introduce massive doses of the organisms with some of the

vaccination programs. I must retreat just a little from this statement because

there are some situations where vaccination would be practiced for an organism

that is present in our herd. Just as I recommend a controlled exposure among
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all of the breeding herd as a way to insure that all sows and boars are exposed

to the organisms, an autogenous bacterin might be used to see to it that that

exposure happened.

The problems I have with the vaccination programs start with the deliberate

exposure to organisms and a reliance upon the immunity system which we don't

understand well enough. The system responds differently to each organism.

Each vaccine then has to be a special case. Secondly, the vaccination program

is always a costly one. Several years ago I was in an argument of sorts with

one of the producers of pseudorabies vaccine. The question was what does the

vaccination cost. Their response was that it cost to vaccinate the wholesale

price of one dose of vaccine. My contention was that we have to charge for

the vaccination not only the cost of the vaccine at retail, not only the charge

for the veterinarian who makes the injection but also the cost in time for the

managers and operators of the units to catch and hold the pigs for vaccination

and the loss of production from catching and holding and vaccinating the pigs.

This cost for vaccination essentially constitutes a tax on the industry. It's

money off of the top. Thirdly, when we vaccinate for some diseases we loose

our ability to monitor the spread of disease. Pseudorabies is the case in

point here. We rely heavily upon circulating antibodies, blood serum titers,

to tell us when we've had a pseudorabies infection. If we vaccinate we can no

longer tell if we've had an infection.

To rely upon the vaccination program to handle all of the disease problems

in a swine herd must make the manager a nervous wreck. How does he know when

he has vaccinated enough? We can sleep much easier if we adopt a program that

gives us broad protection. We can rest much easier if we have a generalized

herd health program than a specific entity herd health program.

What then is this herd health program which I recommend? What does it

look like? Are their specific recommendations? The first recommendation is

isolation. We must isolate our pigs from the organisms which cause disease.

This means the herd is isolated from other swine herds. It means that we

isolate the herd from other vectors to insure that our pigs are isolated from

the disease causing agent. This isolation means control of animal movement.

It means control of human movement and of animals other than pigs. It means

double fencing. It means footbaths. It means boot changes. It means being

careful. It means operating as though you were scared. Secondly it requires
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that we are very careful when we make introductions of seed stock into the herd.

We need to find sources of seed stock which represent minimum risks and then

introduce that seed stock into our herd in a way that reduces even further any

risk involved. Thirdly it means that we must operate on the farm in a way

that keeps under our thumb those problems which we know we have. We must

operate to avoid disease surprises. In addition to avoiding the stresses which

trigger disease outbreaks we want to manage our herd to control exposure and

use the resulting immunity to keep our level of disease loss within reasonable

bounds. Given the choice I prefer the disease protection afforded by natural

immunity compared to the disease protection afforded by antibiotics and chemo-

therapeutic agents. I think our job in managing the breeding herd is to handle

it, to house it, and to move it around in such a way that we maintain a common

pool of exposure and a common pool of immunity. The purpose is to avoid sur-

prises. Like the SPF program these procedures are effective against things we

know about as well as those things we don't know about. The approach is

consistant with all kinds of disease whether we know of them or not. These

procedures give us less to live with.
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TOXIC PROPERTIES OF SWINE FEEDSTUFFS

P.R. Cheeke

Most feeds and foods contain factors that are potentially toxic to humans

and animals. A critical factor in assessing their importance is a consideration

of the relationship between dose and toxic response.

A good example of this is provided by the potato, which contains a toxic

alkaloid solanine. If you took the amount of solanine you normally consume

over a year from eating potatoes, and took it all in one dose, it would be lethal.

Spread over a year, it has no effect. Practically everythink is toxic - if

consumed at a high enough level. Therefore, what toxins do we need to be

concerned with under practical conditions?

The purpose of this paper will be to discuss common swine feedstuffs,

and indicate any potential toxins or other factors that may adversely affect

swine.

Cereal grains 

Grains are the basis of U.S. swine diets, providing almost all the energy

(calories) and about half the protein that growing pigs require. The most

common grains are corn, milo, wheat, and barley. Corn itself contains virtually

no toxic compounds. However, it is susceptible to mold growth. A variety of

mold toxins, such as aflatoxin, T-2 toxin, and other mycotoxins, may be found

in moldy corn. These may produce outright tissue damage, or induce a vitamin K

deficiency. Hemorrhaging, abortion, and weak pigs at birth are typical effects.

Milo (sorghum) also may contain mycotoxins.

In addition, the seed hull of milo contains tannins, which depress

protein digestibility, reduce feed palatability, and may tie-up certain amino

acids. In particular, the so-called bird-resistant varieties of milo may

have sufficient tannins to seriously reduce pig performance.
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Wheat and barley are generally free of any particular toxic properties,

unless molds in sprouted grain, and the fiber content of barley, are considered.

A new grain, triticale, does not generally give the performance that would be

predicted from its nutrient content. It contains a trypsin inhibitor that

may account for part of its reduced value (Erickson et al., 1979), as well as

being of low palatability (Shimada et all, 1974). It also may contain ergot

at levels which are undesirable. Until these problems are identified and over-

come by plant breeding, triticale generally will give inferior results when it

is substituted for other grains in swine rations.

Protein Supplements 

Virtually all protein supplements may contain toxic factors. Raw soybeans

contain at least 10 substances that can be regarded as toxins. Fortunately,

these can all be inactivated by proper heat treatment, so that commercially

available soybean meal is a high quality product. Raw soybeans should not be

fed to swine. The major problem associated with them is a trypsin inhibitor,

which interferes with protein digestion. Use of an extruder will destroy the

inhibitors (the use of extruded soybeans is discussed in the 1976 Swine Day

report). Another property of soybean meal that should be mentioned is its

effect on mineral availability.

In the early 1950s, soybean meal began to be widely used in swine feeding.

Soon after, parakeratosis became a widespread problem. This is a condition

involving poor growth, and dermatitis or scaly skin. This was found to be a

zinc deficiency, arising from a tie-up of zinc by soybean meal. Soybean meal

contains a substance (phytate) that "ties-up" both phosphorus and zinc. For

this reason, zinc fortification of rations containing soybean meal is now a

universal practice. Producers mixing their own feed should be sure to use a

mineral mix containing supplemental zinc.
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Cottonseed meal is inferior to soybean meal as a protein supplement for

swine, partly because it is lower in total protein and in certain essential

amino acids. It contains several toxins; the major one is gossypol. This

substance interferes with protein utilization, and causes tissue damage. Free

gossypol can be inactivated by the addition of iron salts to the meal. The

iron-treated cottonseed meal can be used as a replacement for soybean meal for

growing-finishing pigs without reducing performance (Rincon et al., 1978).

Detoxified cottonseed meal is not yet freely available, so cottonseed meal should

be used with caution. It would be advisable not to exceed 10 percent cottonseed

meal in swine diets.

Rapeseed meal is another plant protein source available for animal feeding.

Rapeseed is extensively grown in Canada for its oil. The meal remaining after

oil extraction is used for animal feeding. Older varieties of rapeseed contained

glucosinolates, which are thryoid gland inhibitors. Plant breeders have developed

new varieties (e.g. Tower) that have very low glucosinolate contents. To get

away from the negative connotations of the name "rapeseed," the new low-gluco-

sinolate types are called canola meal. It is recommended that not more than

10 percent canola meal be used in starter, grower and finisher rations. For

sows, it can be used as the sole source of supplementary protein.

Cull peas are sometimes available for feeding. Considerable work has been

conducted at Washington State University on the value of cull peas for swine.

While they don't appear to have toxic properties, they are low in methionine

compared to soybean meal. The also may be low in Vitamin E and selenium.

The other commom protein supplement used in the Northwest is meat and bone

meal. Generally there are no toxins present. It has been heat sterilized,

so the presence of disease organisms is not a problem. Probably the major

problems with meat and bone meal are variations in protein, calcium and phos-

phorus contents.

40



TABLE 1. NUTRIENT CONTENT OF COMMON SWINE FEEDSTUFFS

Digestible
Energy

(kcal/kg)
% Protein % Crude

Fiber
% Lysine % Sulfur

Amino Acids*

3610 8.9 2.0 0.18 0.18

3466 11.1 2.0 0.27 0.18

3522 10.8 2.3 0.30 0.33

3054 9.7 6.2 0.30 0.36

2736 12.1 9.8 0.50 0.40

3603 12.5 ? 0.38 0.22

3338 45.8 6.0 2.9 1.27

2692 41.0 12.0 1.7 1.50

2900 38.0 9.3 5.6 2.90

3260 23.8 6.1 1.5 .36

1974 50.6 2.2 3.5 1.30

1435 14-18 24.3 .80 .52

16-20 13.8

Protein Supplements 

soybean meal	 75.7

cottonseed meal 61.1

canola meal	 65.8

cull peas	 74

meal and bone 44.8
meal

Roughages 

alfalfa	 32.5

comfrey

Feedstuff	 TDN

Cereal Grains 

corn	 81.9

milo	 78.6

wheat (soft	 79.9
white)

barley (Paci- 69.3
fic coast)

oats	 62.1

triticale	 81.7

* % sulfur amino acids = % cystine + % methionine

41



TABLE 2. COMMON TOXINS IN SWINE FEEDS

Toxin 

trypsin inhibitors

tannins

glucosinolates

phytates

mycotoxins

gossypol

ergot

Wrolizidine
alkaloids

saponins

Feeds Commonly Found in:

raw soybeans, triticale

milo, alfalfa

rapeseed meal, mustard
meal, cabbage

cereal grains, soybean
meal

moldy grains

cottonseed meal

rye, triticale

comfrey, tansy
ragwort

alfalfa

Effects on Swine 

reduced growth, reduced
protein digestibility

reduced growth, unpalat-
ability, reduced protein
digestibility

goiter, reduced growth

deficiencies of phos-
phorus and zinc

reduced growth, excessive
bleeding, abortion,
liver damage

unpalatability, reduced
growth, tissue damage

reduced growth, abortion,

lameness

liver and kidney damage

unpalatability, reduced
growth
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These may cause problems in ration formulation if much product variation occurs.

Roughages sometimes have application in swine feeding. Extensive studies

of alfalfa meal as a nutrient source have been conducted at OSU. Problems

associated with the use of alfalfa include its fiber content (hence low energy

content), and the presence of substances that reduce the palatability of alfalfa-

containing rations to pigs. Similar problems accompany the use of comfrey, which

is sometimes employed as a feedstuff. Additionally, it contains pyrrolizidine

alkaloids, as are found in tansy ragwort. Comfrey has been shown to be carcino-

genic to rats (Hirono et al., 1978). Studies at OSU have shown that alfalfa

may be used at up to 20 percent of the ration for growing-finishing pigs with-

out affecting growth rate. Satisfactory gains are achieved with 30 percent

alfalfa, but feed efficiency is reduced. At higher levels, growth rate is

substantially reduced.

A summary of the characteristics of the feeds discussed in this paper is

provided in Table 1. A list of the toxic factors and their major biological

effects is provided in Table 2.
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REPRODUCTIVE EFFICIENCY IN SWINE

Arthur S. H. Wu

Reproductive efficiency has a significant impact in the swine industry.

Producers can reduce the sow-feed cost per pig marketed by having more pigs

per litter and more litters per sow. However, reproductive efficiency is a

composite of several traits, such as the age of puberty, sexual drive or

libido and the number of eggs ovulated by the sows in each estrous cycle.

The upper limit for performance in traits is genetically determined at fer-

tilization; the extent to which each of these traits can express itself

depends on a number of factors.

SELECTION

To achieve high reproductive performance, producers must choose breeding

animals with excellent genetic potential for reproductive traits; they also

should be structurally sound and free from disease and physical defects.

To be satisfactory, females must have 12 to 14 prominent and functional

nipples. Gilts which have an infantile vulva or blind or inverted nipples

should not be used as breeders. Good feet and legs also are important for

efficient reproduction especially since more pigs are being raised in confine-

ment. Animals with excessive muscling may have more PSS (porcine stress

syndrome) and PSE (pale, soft and exudate pork) problems.

Boars should have normal testes and also have good sexual drive. Except

in the use of artificial insemination, a good sexual drive is indispensable

for satisfactory male performance. However, the fertility of a boar should

not be assessed merely by his libido. The sexual drive of a male depends on

the hormone testosterone and is not necessarily an indication of semen quality.

Animals that fail to produce functional sperm may have good sexual drive. A

good example is the bilateral cryptorchid, a male whose testes failed to
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descend into the scrotum. Because of the high abdominal temperature, the

sperm-producing cells in such an animal are unable to produce functional

sperm but the Leydig cells remain intact and are able to produce testosterone

for a normal sexual drive.

Boars with small testes should not be selected for breeding. Their

condition may be similar to the so-called Klinefelter's syndrome in the

human male, making them incapable of reproducing. Animals with this syndrome

carry one extra female sex chromosome (X) in the nucleus of each of their

cells because of a sex chromosomal aberration in the formation of egg or

sperm cells by their parents. A boar with the abnormal sex chromosomal

complement of XXY/XXXY instead of the normal XY has been reported (Harvey,

1968).

For confined herds, the boar also should have strong legs and feet.

According to a poll of 50 swine producers with confined breeding herds, feet

and leg troubles ranked above all other problems (Seerley, 1975). Boars that

can walk with free, loose, easy and natural gaits are best suited for

confinement.

FERTILITY TEST

Test-matings and semen evaluations should be conducted on new boars before

they are used for breeding. For test-mating, allow each new boar access to

one or several females in estrus. Watch the boar for aggressiveness, desire

and ability to mate. There is no better fertility test than the mating test

with a few females. A boar with good sexual drive and good quality semen is

unlikely to be infertile.

A semen check of boars before each breeding period is a good practice and

can save the swine producer considerable money. A few years ago, one producer

near Portland had a substantial number of sows which did not have litters

because of infertility of his boars. A semen test before breeding probably

could have prevented this problem. However, a semen test is only one part of

fertility testing. We have found rams that produced excellent quality semen

but were unable to impregnate ewes because of a lack of mating ability or

because of an anatomic defect. This also may happen in the boar. The repro-

ductive system also should be checked for possible abnormalities and the boar

should be watched for his mating ability.

HOUSING

Proper housing for breeding stock also is important for high reproductive
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performance (Table 1). The confinement system saves land and labor but is

not an ideal system for good reproduction. Boars, sows and gilts may need

outdoor exercise on pasture to keep them thrifty and virile. In confinement

systems, the housing should exert minimal stress on the animals. It should

have good floor surface to protect feet and legs, ample space, adequate

warmth in the winter and adequate coolness in the summer. A lack of space

may cause discomfort in the gilts and can lead to anestrus. Keeping the

group size to 15 or less will help reduce peck-order fighting. This also

may increase the efficiency of estrous detection by the boar and help assure

that each female receives her share of the daily ration. Sows and gilts

should be penned separately during gestation.

High ambient temperature has detrimental effects on reproduction in both

sexes. Kennedy of Smith Health Products reported that sows kept cool had

larger litters. The most critical period for the detrimental effect of high

temperature was two to three weeks after breeding. Wettemann (1977) of

Oklahoma State University found that heat stress on gilts before breeding

or during mid-pregnancy (53-61 days) was not particularly damaging to repro-

duction. However, exposure to high environmental temperature during the

first week after breeding reduced the conception rate and litter size,

increased temperature during the last week or two before farrowing increased

stillbirths.

Wettemann also found that heat stress of boars for six weeks at 94°F

resulted in decreased sperm production, poor sperm motility and low fertility.

After such stress, it took about five weeks for the boar to restore his ability

to produce good semen. Shade and a sprinkling system greatly reduced the

thermal stress of high summer temperatures (83 to 104°F). For high repro-

ductive performance it is extremely important to protect the hogs, male and

female, from high temperature.

NUTRITION

To insure maximal reproduction, both boars and females must receive an

adequately balanced diet with sufficient vitamins, minerals, salt and trace

elements (Table 2). Nutritional deficiency may delay puberty and cause poor

semen production, irregular estrous cycles, silent heat, reduced fertiliza-

tion rate and increased embryonic death.

For a breeding female, four pounds per day of a 12 to 14 percent protein

corn-soy ration is sufficient. Full feeding of gilts one to two weeks before
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TABLE 1. EFFECT OF HOUSING ON REPRODUCTION

Housing of sows (mating to farrowing) No. sows studied C.R. % sow farrow

Individual boxes (2x7 ft2)
	

1,140	 88	 85

In groups 777 77 73

Data from Bogza and Tolea, 1977

TABLE 2. EFFECT OF MINERAL SUPPLEMENTS ON REPRODUCTION

Groups	 Matings	 Conception Litter Litter Survival at
Gilts	 Boars	 rate (%)	 size wt. (Kg) weaning (%)

A Supplemented Supplemented 100 10.4 13.75 94.2

B Supplemented Non-Suppl. ? 9.4 12.14 91.4

C Non-Suppl. Non-Suppl. '	 83.3 8.5 10.2 85.9

Supplements: Co, 3mg; Zn, 80 mg; Mn, 100 mg; Cu, 36 mg.; per day.
Data from Barkhatov, N.A. 1978

TABLE 3. EFFECTS OF MOLDED CORN ON REPRODUCTION

Items	 Corn Diet
	

Molded Corn Diet

No. of gilts	 6

Litter size	 10.5
	

7

Mumified pigs/litter	 none
	 2

Live pigs/litter 	 9.6

Data from Sharma, Wilson and Williams, 1974
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breeding will increase ovulation rate. However, liberal feeding, if kept up

too long, may cause high embryonic death. Diets containing molded corn should

not be used. Sharma, Wilson and Williams (1974) demonstrated that consumption

of a molded corn diet led to reduction of litter size and live pigs per litter

(Table 3). Ingestion of corn inoculated with isolates of the mold Fusarium 

roseum led to an increase in the proportion of weak pigs at birth.

The herd boar usually is fed with the balanced sow ration, 4 to 6 pounds

per day during the breeding season and about four pounds when he is not in

service. In confinement, the feed intake tends to be low, and pasture and

dirt are not accessible to the boar. The diet for confined boars should be

fortified to assure adequate vitamins and minerals (Table 4).

BREEDING

The functional lives of sperm and egg in the female reproductive tract

are rather short. To obtain a high conception rate and large litter, females

should be bred a few hours before ovulation with an adequate number of sperm

cells (Table 5). The sows normally ovulate about 37 to 40 hours after the

onset of estrus, and gilts may ovulate earlier in the cycle. With a once-a-

day heat detection schedule, the sows should be bred once a day as long as

they accept the boar. If heat is detected twice a day, the sows should be

bred at 12 hours and again at 24 hours after the onset of estrus.

In most gilts, standing heat will last about 24 to 48 hours. If estrus

in some gilts in a group lasts about only a day, others in the group should

be bred as soon as they show standing heat, then again 12 to 24 hours later

if stil in heat.

The optimal number of sows and gilts to be mated to each boar depends on

age of the boar, length of the breeding period and system of mating (Table 6).

With hand mating, a young boar can breed 4 to 5 gilts per week, and a mature

boar can breed about 10 females per week. In pen or lot matings, the number

of matings is dictated by the boar. Some successful breeders use 8 to 10

sows for each mature boar and 4 to 6 sows for each young boar during a three-

week breeding period. According to Vinson (1976), a good rule of thumb is

to provide one young boar for every 10 gilts to be bred in pen or lot mating

and to provide an extra boar for the herd. Thus, select about six young

boars for a herd of 50 breeding females.

Conception rate and litter size can be increased by mating each female

with more than one boar. In pen mating this can be done by rotating the



TABLE 4.	 DIET FOR CONFINED BOARS

Ingredient lbs./ton of feed Vitamin mix (per ton of feed):

Gr. Yellow corn 1,478 A 4,000,000 IU

44% soybean meal 450 D2 or D3 800,000 IU

Dicalcium phosphate E 20,000 IU

(24% Ca, 18% P) 36 Riboflavin 4 gms.

Gr. limestone (38% Ca) 14 Pantothenic acid 16 gms.

Salt (iodized) 10 Niacin 24 gms.

Trace mineral mix 2 Choline 20 gms.

*Vitamin-antibiotic mix 10 B12 20	 mg.

Mineral mix: (gm/ton):

Zn
	 Fe	 Cu	 Mn	 Se

90	 90	 14	 36	 0.09

*Antibiotic added as directed
Data from Seerley, 1975

TABLE 5. EFFECT OF TIME OF BREEDING ON CONCEPTION RATE

Time of Insemination During Various Stages of Estrus
Animals	 Number

Early Moderate Intense Late Vague

Sows

Gilts

5,830

2,010

71.9

69.4

72.6

69.6

79.0

77.2

58.7

54.4

59.3

59.5

Data from Ooi, 1976

TABLE 6. NUMBER OF SERVICES OR NUMBER OF FEMALES FOR BREEDING BOARS

Length of Breeding
(Weeks)

Hand Matings Pen Matings
Young Boars Mature Boars Young Boars Mature Boars

2 12-15 20-25 8-10 12-15

4 20-25 30-35 12-15 15-25

6 25-35 40-45 15-20 25-30

8 45 45-60 20-25 30-35

Data from Caley, 1969
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boars among the mating pens. Such rotation provides more chance for fertile

and compatible matings.

Keeping non-breeders is expensive. Females with a prolonged duration of

estrus are likely to be hard breeders. To assure high reproductive efficiency,

they should be culled. Gilts which do not conceive after three breedings and

sows which fail to conceive some 28 days after weaning also should be culled.

It has been estimated that with each 21-day delay in conception, a sow must

produce two additional pigs to pay for the feed and labor.

SOCIAL ENVIRONMENT AND SEXUAL ACTIVITY

Total confinement has been used by many producers to save land and labor

for intensified swine production. However, the system may impose stress to

the animals and cause delay of puberty in gilts and reduction of sexual drive

in boars. These consequences are certainly undesirable. In swine production,

early puberty in gilts to reduce feed cost and strong sexual drive in boars

to maximize the boar power are necessary for efficiency.

Research findings indicate, however, that social environments may affect

the sexual behavior of pigs. With intelligent use of this information, new

techniques can be developed to enhance efficiency in swine reproduction.

Hemsworth et al. (1978) found that boars reared from three weeks of age

in isolation had dramatically reduced copulatory performance compared to those

reared in all-male or mixed-sex groups (Table 7). Even in the mature boars,

those housed in isolation for 12 weeks have reduced sexual drive compared to

boars kept near the females. Such findings clearly indicate that boar power

can be influenced by management practices other than just by proper nutrition.

Costs in swine production also may be reduced by lowering the age gilts

farrow their first litters. This can be achieved by stimulating the gilts

for early puberty, or, unless better productivity is adversely affected - as

may be the case - by breeding the gilts at their first heat rather than breed

them later. A prevailing practice in swine industry is to breed gilts at their

third heat because of the belief that more ova will be shed at that estrus,

thereby resulting in more pigs per litter. Brooks and Cole (1973) found,

however, that gilts bred at third estrus did not produce more pigs than gilts

bred at first estrus.

At OSU, England and his co-investigator Schiemann (1977) found that the

presence of a boar had a stimulatory effect on the attainment of puberty in

gilts. Furthermore, the boar effect was maximum when the boar was in the

50



TABLE 7. THE EFFECTS OF REARING ENVIRONMENT ON SEXUAL ACTIVITY

Duration (age)
No. copulation

No. of boars	 /boar*

3 wk.-7 m. old 4 24.0

3 wk.-7 m. old 8.8

12 wk.-7 m. old 13.8

3 wk.-7 m. old 4 13.3

3 wk.-13 m. old 4 19.0

Treatment

1. All males, in one group

2. In individual pens, no
visual or physical contact.

3. As Group 2.

4. Individual pens, visual
contact only.

5. All males, in one group.

*In 20 mating tests
Data from Hemsworth, Beilharz and Findlay, 1977

TABLE 8. INSTRUMENTS FOR PREGNANCY DIAGNOSIS

Instrument	 Manufacturer	 Price

Econo-matic	 Animark Inc.	 $295
876 Ventura Street,
Aurora, CO. 80011

Preg-matic III	 Same	 $495

Preg-nosticator	 Same
Basic Model	 $895
Deluxe Model	 $1,295

Scanopreg	 Ithaco Inc.	 $585
735 W. Clinton Street
Ithaca, N.Y. 14850

Scanoprobe	 Same	 $1,200

Ilis-Preg Test	 Intern. Livestock Improvement 	 $395
Service Corp., 108 Lincoln Way
Ames, Iowa 50010

Fetometer	 Z225
(Centaur Doppler) 	 P.O. Box 124

Edingburg EH3-6TX, Scotland

Preg-Alert
	

American Livestock Corporation
Highway 10 West
Laurens, Iowa 50554

The earliest date that one can detect pregnancy with these instruments is about
30 days post breeding with an accuracy of above 95 percent.
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pen continuously with the gilts (Figure 1). Through such inducement, a gilt

could be bred several weeks earlier than the standard eight months of age.

In large herds, the saving in feed by younger breeding and by earlier culling

of non-breeding gilts could be substantial. More recently, Walker and England

(1978) were able to induce estrus and fertile matings in lactating sows by

separating them from their litters six hours daily for boar exposure. The

productive performance of the litters from lactation sows was equal to that

of litters from sows bred after weaning.

PREGNANCY CHECK

Managing a gestation herd without pregnancy testing can be costly.

Based on feed and labor costs of about 50 cents per day per animal, identify-

ing a non-pregnant animal 30 days after breeding, marketing her then could

save about $42. In addition, each non-breeder in the herd will fail to

produce a litter of 8 to 10 pigs, potentially worth about $400 to $500.

Pregnancy diagnosis, therefore, is very important in swine production. It

can be done about 30 days post-breeding with 95 percent accuracy by using

electronic devices (Table 8). Some of these devices can pick up the charac-

teristic sound of the pulsing flow of blood in the fetal heart; others send

sound waves into the animal, pick up reflecting echos and transform them into

visual or audible signals to tell whether the animal is pregnant.

ARTIFICIAL INSEMINATION

In spite of problems in swine AI, this technique can be used to improve

reproductive efficiency in swine production. The volume per ejaculate of boar

semen varies from 150 to 500 cc, and 1 cc of boar semen contains about 100

(25 to 1,000) million sperm cells. With the recommended dose of 2 to 6

billion sperm per insemination, a single ejaculate of boar semen easily can

breed 10 animals. The fertilizing capacity of properly extended boar semen

can be maintained for about 24 hours at refrigerator temperature and for much

longer in a frozen state if kept in liquid nitrogen (-196°C). The use of AI

can greatly reduce the number of herd boars required. If the technique is

properly used, it can accelerate genetic improvement, reduce disease transmis-

sion and save feed, labor and money.

A recent survey by Wohld (1979) indicates that good conception rates

can be obtained in swine AI when frozen semen is used. One report in Holland

had a farrowing rate of 79 percent from fresh semen and only 47 percent for

frozen semen. But several swine producers in Oregon and Idaho report conception
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FIGURE 1. OVULATION AND FOLLICLE DEVELOPMENT AS INFLUENCED
BY EXPOSURE TO A BOAR.
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•
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GROUPS I II III IV

TREATMENTS: Change of Contiguous Direct 	 Contiguous	 Direct
House	 contact	 contact	 & 30 min	 contact

with	 with boar	 direct	 24 hrs.
boar	 (30 min/day)	 contact	 daily

Data from England and Schiemann, 1977
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rates of 50, 65, 75 and as high as 85 to 90 percent with frozen semen.

The price of frozen boar semen from AI stud is high and a competent

swine AI inseminator is hard to find. Perhaps from the practical and

economic standpoints, AI in swine will have to be done by swine producers

themselves.
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ASSOCIATION OF AGE AT FIRST FARROW AND INTERVAL
BETWEEN WEANING AND NEXT FARROW WITH LITTER PRODUCTIVITY

C. Walker and D. C. England1

It has been a long-standing recommendation and practice in the swine industry

to breed gilts at third estrus. Failure of gilts to predictably and regularly

attain first estrus at 6 to 6 1/2 months of age and to cycle regularly there-

after has become a serious production problem. Teague and Grifo (1965) and

England and Spurr (1969) noted a frequent cause of breeding failure to be incom-

plete manifestation of estrus. Affected gilts cycled normally and demonstrated

usual aspects of estrual behavior except lack of willingness to stand for the

boar at breeding time. Seerly and Wahistrom (1965), when studying the effect of

alfalfa meal and protein on the performance of confined gilts, also observed

manifestation of estrual symptoms with a lack of receptiveness to the boar. A

second and frequent cause of reproductive failure is the complete absence of

estrual behavior by gilts. Christenson and Young (1978) recorded estrus occur-

rence for a total of 434 gilts of Hampshire, Duroc, Yorkshire, Large White, and

"Swedish origin" Landrace breeds. Their gilts were born in March or May and were

reared in total confinement. Of gilts exhibiting estrus in this study by nine

months of age, the average age at first estrus by Landrace, Hampshire, Large

White, Yorkshire and Duroc gilts was 173, 207, 211, 221 and 224 days, respectively.

Also, their results showed that 14 to 44% of the gilts of the various breed

groups did not exhibit estrus by 8.5 months of age.

Problems also occur in getting sows to promptly exhibit estrus and conceive

after weaning of their litters. Such delays and lack of conception increase

feed costs and reduce the ability of producers to schedule full use of facilities

and personnel in the most efficient manner as well as causing a reduction in total

volume production. Within the past two to three years the Oregon State University

herd has exhibited troublesome incidence of the above problems. The breeding

structure in the OSU purebred Yorkshire herd consists of use of three unrelated

sire groups in a rotational mating system.

Objectives of the present analysis of litter productivity of gilts and sows

in the OSU herd are to (1) determine whether older age at first farrowing is

1
Department of Animal Science, Oregon State University, Corvallis
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associated with larger litters as would be expected in gilts which reach puberty

promptly and cycle regularly, or whether failure to reach puberty promptly and

cycle regularly prevents the increased litter size normally associated with in-

creasing age at first farrow; (2) determine whether failure of sows to cycle and

conceive promptly after weaning has any influence on litter size; and (3) deter-

mine whether daughters of the three sire groups differ in age at first farrow,

interval between weaning and time to conception of the next litter and in number

of pigs born and weaned per litter.

RESULTS

For this report, we have analyzed influence of age at first farrow by obtain-

ing averages of numbers born, numbers weaned, weaning weight, and average days to

mating following weaning of litter for gilts 11 to 12, 12 to 13 and beyond 13

months age at first farrow. Results are shown in table 1.

TABLE 1. LITTER PRODUCTIVITY AND DAYS TO MATING POSTWEANING FOR GILTS WHICH
FARROWED AT DIFFERENT AGES (in months)

No.	 Age	 No.	 Age	 No.	 Age

Criteria	 litters	 below 12	 litters	 12-13	 litters	 13+

Number born alive 74 9.8 54 10.5 34 10.0

Number weaned 74 6.7 54 7.7 34 7.8

Weaning weight(lbs) 74 17.7 54 17.1 34 18.3

Days weaning
to mating

46 11.6 32 12.9 20 10.4

The data in table 1 are not completely definitive; if they can be taken at

face value, the increase in number born from those farrowing at less than 12

months of age to those 12 to 13 months of age is in agreement with expectations

based on expected number of eggs ovulated; there is not, however, a superiority

of those beyond 13 months of age as would be expected if normal progression in

reproductive capability were occurring. With only 34 litters involved over an

extended period of time for the more than 13 months age group, the results should

be considered only as possibly indicative of lack of full sexual development com-

mensurate with age in this older group of gilts. Other aspects of litter produc-

tivity and the number of days to mating after weaning do not indicate any existent

or continuing lack of capability appropriate to age.

A similar question needs to be asked about the litter productivity of sows

which do and do not mate promptly after weaning and produce a litter from mating

57



at that heat period. Results of analysis of data on litter productivity for sows

which mated within the first week, second week, or later, following weaning are

shown in table 2.

TABLE 2. LITTER PRODUCTIVITY OF SOWS PRODUCING LITTERS FROM MATING WITHIN THE
FIRST WEEK, SECOND WEEK, OR LATER, FOLLOWING WEANING OF LITTER

Mating
group

No.
sows

Av. days from
weaning to mating

Av. no.
born

Av. no.
weaned

Av. weaning
weight (lbs)

1st week

2nd week

Later

74

4

13

4.7

11.8

28.4

10.4

11.2

10.9

7.4

7.7

7.6

19.1

18.8

17.9

The 91 sows included in table 3 are only those which mated following the

first litter and subsequently farrowed; there were 164 sows which weaned litters

during the time period in which these sows weaned litters and mated. Our record

keeping system does not indicate reasons why sows are removed from the herd; it

is, therefore not possible to determine what proportions of the other 71 sows

were removed for failure to breed or to remain pregnant, but the incidence has

been high enough to have an adverse effect on production schedules and efficiency.

During this same period of time, sporadic severe occurrences of the MMA complex

and of low milk production were prevalent; these account for much of the low

average number weaned and low average weaning weight.

On the basis of results shown in table 2, it appears justifiable to conclude

that there were no real differences in average number born or weaned for those

litters resulting frommatings during the first, second or later weeks after wean-

ing; these conclusions must be considered as only tentative because of the small

number of litters in all groups except for those mating within the first week;

further, there is no information on how many which mated in each time period but

did not farrow were subsequently determined to be not pregnant.

In an analysis of reproduction in the OSU herd during the first few years

of total confinement, England and Spurr (1969) reported that 95% of the sows

mated within six days after weaning of litters. In the current analysis, 81%

(74 of 93) of those which farrowed were mated within seven days after weaning.

The genetic base of the herd is now different from what it was in the earlier

study; the earlier study included Yorkshires, Berkshires, and various crossbred

combinations of these breeds; both the purebreds and crossbreds derived most of

their heredity from almost closed populations established from 1958 to 1962.
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The current herd consists of non-inbred purebred Yorkshire females maintained by

a system of rotational matings among three sire lines which have no or little

pedigree relationship to each other; the sires are produced in the herd by use of

inbreeding with an occasional outcross into each sire group (England and Walker,

1977). Females in the production herd are produced and mated by the following

program: daughters sired by boars of group 1 are mated to males of sire group 2;

daughters sired by boars of group 2 are mated to boars of group 3; daughters of

boar group 3 are Mated to boars of group 1.

The extent of poor cycling in gilts and sows in the OSU herd has increased

as the amount of heredity from present day industry herds has increased and the

amount of heredity from the closed herds established in the late 1950-early 1960

years has decreased. It is not possible now to document whether these two situa-

tions are related in a cause-and-effect way or whether they coincidentally have

occurred together. In an attempt to get indications of whether there may be a

hereditary component involved, the reproductive and litter performance of the

daughters of the three sire groups have been compared; marked differences among

the groups would indicate hereditary differences inasmuch as all are managed

alike in the same confinement facilities.

TABLE 3. REPRODUCTIVE AND FIRST LITTER PERFORMANCE IN CONFINEMENT BY YORKSHIRE
DAUGHTERS OF THREE DIFFERENT YORKSHIRE SIRE GROUPS

Sire 1
	No.	 Age (days) No. born	 No.	 Weaning	 Days weaning

Group litters	 at farrow	 alive	 weaned	 wt. (lbs)	 to mating 

1 62 372 10.3 7.2 17.2 8.8

2 31 385 10.0 7.5 17.6 17.0

3 71 379 9.9 7.3 17.9 12.0

1Refers to sires of dams, not of offspring.

TABLE 4. REPRODUCTIVE AND LITTER PERFORMANCE IN CONFINEMENT BY YORKSHIRE SOWS
SIRED BY THREE DIFFERENT BOAR GROUPS

1	 40	 10.5	 7.7	 18.4	 10.5

2	 22	 10.5	 7.2	 17.7	 13.2

3	 32	 9.9	 7.7	 19.5	 9.1

1Refers to sires of dams, not of litters.
2Days to mating refers to following weaning of second litter; litter data are for
third litters.

SireNo.	 No. born	 No.	 Days weaning2
1 weight (lbs)	 to matingGroup	 litters	 alive	 weaned	 Weaning
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The data shown in tables 3 and 4 are not fully definitive; there is a sug-

gestion that the cycling performance is less adequate for daughters of the group

2 sires; age at first farrow is slightly older; days from weaning of first litter

to mating are larger (P<.05 compared to daughters of group 1 sires) and days to

mating after weaning of second litters is higher than for daughters of either of

the other groups. Information on number which failed to cycle, either as gilts

intended for breeding, or as sows following weaning of either first or second

litters, would be of much additional benefit but is not available. The data in

tables 1, 2, and 3 do not indicate any marked differences in average litter pro-

ductivity related to ' promptness of breeding within the limits of our present

data. Added feed costs can be calculated on the basis of number of extra days

to successful pregnancy, the amount of feed fed daily, and the cost per pound of

feed; the costs of reduced volume of production and of interference with orderly

scheduling for full production may be as important in overall losses or decreases

in profit as are extra feed costs.
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EFFECTS OF PROTEIN CONTENT OF FINISHER RATIONS
ON PERFORMANCE AND COST

P. T. Bellatty, D. C. England and W. H. Kennick
1

Quantity and quality of protein in the ration have a major influence on

production charcteristics and carcass quality of swine. Many researchers have

experimented with different levels and sources of protein to ascertain combina-

tions which enable pigs to maximize performance. A corn-soybean meal ration

provides adequate energy levels and complementation of essential amino acids

required for proper maintenance and growth. In a corn-soy ration, these feed-

stuffs constitute both the protein and energy components of the ration. We are

currently conducting an experiment to determine whether pigs differ genetically

in their requirement for amount of protein in the ration. The data are not yet

adequate for that purpose but do provide data on average response to level of

protein in the ration and thus permit an economic analysis of feed an 11% vs

14% crude protein finisher ration.

Experimental procedure 

All piglets are fed a 16% corn-soy creep ration from weaning at 42 days of

age to 60 pounds. At 40-50 lbs, barrows are allotted to control and experimental

groups and allowed a minimum of one week for adjustment to new pen mates before

going on test at approximately 60 lbs average weight. The control groups are

composed of full or half-sibs of the experimental groups. From an initial pen

average weight of 60 lbs to a pen average weight of approximately 125 lbs, the

two groups are fed an identical 14% protein corn-soy ration. When the pen aver-

age weight reaches 125 lbs, the treatment group is switched to a corn-soy diet

containing only 11% protein while the control remains on the conventional (14%)

ration. Each group is continued on experiment until an average weight of 200 lbs

is reached. The two rations (11% and 14%) are of similar energy content; the

primary difference is the protein percent which is manipulated by altering the

corn-soy ratio. The feeding scheme is diagrammed below:

D
	

F

E

D

1
Department of Animal Science, Oregon State University, Corvallis
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A. Preweaning to 60 lbs, all pigs are fed a conventional creep diet.

B. Sib pairs (and some half-sib pairs) are placed in their designated groups

and given a minimum of one-week adjustment period.

C. The experiment is begun at group average weight of about 60 lbs.

D. Both groups are fed the 14% protein diet.

E. End of phase 1 at average pen weight of approximately 125 lbs; begin

phase 2.

F. The control group is fed the conventional (14%) diet.

G. The treatment group is fed the low protein (11%) diet.

H. End of phase 2; pen average weights of approximately 200 lbs; samples

of control and experimental sib pairs are slaughtered for carcass data.

Compositions of the two rations are listed below and are identical except

for proportions of corn and soybean meal:

Pounds per ton

11% Protein14% Protein

CORN 1,631 1,800

SOYBEAN OIL MEAL 314 145

Trace Mineralized salt 10 10

Shamrock Vitamin mix 5 5

Zinc sulfate 330 gm 330 gm

Dicalcium phosphate 10 10

Ground limestone 30 30

The National Research Council recommends a ration containing 16% protein

from 60 to 77 lbs, followed by 14% up to 132 lbs, and a 13% diet until marketed.

Our ration of 14% does not meet the NRC recommendations up to 77 lbs. However,

both groups are fed identically up to 125 lbs and thus neither group has a com-

parative advantage.

Eight pens of each ration group have been tested to date with individual

average daily gains (ADG) and pen feed conversions (FC) measured. Since paired

pens showed similar results during phase 1, feed conversions, average daily gains,

and average daily protein intake were pooled. 	 The means for both groups are

shown in table 1. Pen pairs were designated by months in which the time of the

mid-point (125 lbs) of their testing occurred.

The NRC recommends 280 grams of protein per day for pigs weighing 77-132

ibs; all tested groups equalled or surpassed this daily protein intake level.

Although numbers tested are not great enough to substantiate any trends, it
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appears that higher protein intakes are associated with higher ADG's and better

feed efficiencies; this would be expected because in this experiment higher pro-

tein intake cannot occur without higher total feed intake which in turn is asso-

ciated with faster and more efficient growth.

TABLE 1. AVERAGE DAILY PROTEIN INTAKE, AVERAGE DAILY GAIN, AND FEED PER POUND
OF GAIN FROM 60 TO 125 POUNDS FOR BARROWS FED A 14% CORN-SOY RATION

No. of	 Av. protein intake 	 FC

Group
1

pigs	 per day (grams)	 ADG	 (Feed/pound gain)

Jan.	 18	 306	 1.48	 3.36

Feb.	 16	 326	 1.72	 2.98

April	 16	 302	 1.60	 3.06

May	 17	 340	 1.60	 3.07

June	 15	 318	 1.63	 2.98

July	 11	 304	 1.61	 -

Aug.	 18	 315	 1.52	 2.91

Sept.	 14	 279	 1.42	 3.22

1
Month in which pen average weight of 125 lbs was reached.

The same measurements were taken on both groups for the second phase (125 to

200 lbs) of the experiment; results are shown in table 2.

The trend of higher average daily protein intakes producing higher ADG's

and better conversions is not seen in phase 2. The average daily protein intake,

average daily gains, and feed conversion efficiency are generally lower in each

comparison on the 11% ration than on the 14% ration. The pattern of feed conver-

sion efficiency is more consistent among the groups than is the pattern of aver-

age daily protein intake or of average daily gain. The NRC recommends 390 grams

of protein per day for swine from 132 to 220 lbs. None of the 11% protein groups

attained this level while only 2 of the high protein groups were appreciably be-

low the NRC recommendation. We can see, when contrasting paired groups during

phase 2, that the higher protein ration usually displayed larger gains utilizing

less feed.

At 200 lbs,a representative sample of each pen was slaughtered and carcass

data were taken; these are shown in table 3. Since it has been shown in previous

research that low protein diets have a tendency to produce fatter carcasses,

trimmed weights of the four primal cuts plus the untrimmed belly weights were

taken. Average prices for each of the five cuts was calculated from . January 1,
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to September 15, 1979,and used to estimate carcass values. The weights range and

values of the primal cuts are shown below:

Cut

Loin

Ham

Picnic

Boston Butt

Belly

Weight range (lbs) 

14-17

14-17

4-8

4-8

8-10

Value per 100 cwt. ($) 

97.77

80.63

60.78

81.09

45.24

TABLE 3. COMPARISON OF CARCASS MEASUREMENTS OF PIGS FED CORN-SOY FINISHER RATIONS
WITH DIFFERENT PROTEIN CONTENT

1
Trait or cu 14% protein ration

Backfat

Dressing percent

1.30 ±	 .24

74.51 ± 3.50

1.30

74.76

±	 .21

± 2.90

Loin eye area 4.75 ±	 .48 4.58 ±	 .62

Length 30.21 ±	 .89 30.16 ±	 .93

Boston Butt 11.77 ± 1.23 11.63 ± 1.56

Picnic 15.66 ± 2.57 15.72 ± 1.30

Loin 28.62 ± 1.95 28.66 ± 2.79

Ham 30.34 ± 2.19 30.27 ± 2.52

Belly 21.94 ± 3.14 (N=32) 21.64 ± 2.27 (N=27)

1
N=39 

u
nless specified.

Total value of the primal cuts for each animal was calculated by using the

actual individual weights for the five cuts and the average value of each cut.

Although the five cuts are not the complete value of the animal, since many salable

products are not taken into consideration, the figures are expected to show rela-

tive differences in value between the two groups. The low protein's average total

primal cut value was $81.30 ±.5.75 for the low protein group and $81.55 ± 4.59 for

the high protein group.

From these calculations, there do not appear to be differences in the car-

cass values of groups fed the different rations. A listing of carcass traits in

table 3 shows loin eye area to have the largest difference between the two groups.

The pigs fed the 11% protein diet had poorer production performances and

similar carcass quality when compared to the 14% group. The lower amount of soy-

bean meal included in the 11% protein ration ration decreased ration price per

ton but increased total feed consumed. Since carcass quality does not appear to

11% rationprotein
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be greatly affected, economic evaluation of the two rations may concentrate on

whether savings gained due to reduced soybean meal oil supplementation compen-

sated for the cost of increased total feed consumption. The relative price of

soy and corn vary as do feed conversions at different times of the year. To

estimate anticipated cost differentials resulting from changing prices of ration

components and feed conversions, three price levels for both corn and soy (table

4) were used in calculating production costs.

TABLE 4. COST OF CORN-SOY RATIONS WITH 11% OR 14% PROTEIN AT VARIOUS PRICES FOR
CORN AND SOYBEAN OIL MEAL

SBOM ($/ton) Corn ($/ton)
Soy/corn
ratio

Cost per ton
11% ($) 14%	 ($)

240.00

105.00

115.00

125.00

2.29

2.09

1.92

111.90

120.90

129.90

123.30

131.43

138.68

250.00

105.00

115.00

125.00

2.38

2.17

2.00

112.63

121.63

130.63

124.87

133.00

141.19

2b0.00

105.00

115.00

125.00

2.48

2.26

2.08

113.35

122.35

131.35

126.44

134.57

142.7b

Total feed required to increase average pen weights from 125 lbs to 200 lbs

per pen of 8 was derived from feed conversions. Both cost of rations and feed

conversions were taken into account when figuring cost differentials of the two

groups. An example of expected differences is illustrated in table 5.

These calculations showed that feeding the 11% ration saved nearly $20 per

pen or $2.47 per pig. It should be noted that cost differentials between groups

are greater than differences sustained due to market fluctuations of ration com -

ponents. This is partially due to conservative estimates of feed costs and

actual savings may be higher, and especially so if the soy-corn ratio increases.

Since there are relatively small differences between savings from altering costs

of ration components compared to overall cost differentials between groups, aver-

age dollars saved gives an accurate but conservative estimate of actual savings.

Table 6 shows these data.
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TABLE 5. TOTAL FEED COSTS FROM 125 TO 200 LBS FOR A PEN OF 8 PIGS FED 14% OR 11%
CRUDE PROTEIN CORN-SOY RATIONS AT DIFFERENT PRICES OF CORN AND SOYBEAN
OIL MEAL

Ration ingredient costs

SBOM	 Corn	 14% protein	 11% protein	 Difference (14%-11%) 

240.00	 105.00	 141.28	 121.83	 19.45

240.00	 115.00	 150.59	 131.63	 18.37

240.00	 125.00	 158.90	 141.43	 17.16

250.00	 105.00

250.00	 115.00

250.00	 125.00

260.00	 105.00

260.00	 115.00

260.00	 125.00

143.08

152.39

161.78

144.87

154.19

163.57

122.63

132.43

142.23

123.41

133.21

143.01

20.45

19.96

19.55

21.46

20.98

20.56

Average savings = 19.77

TABLE 6. CALCULATED DIFFERENCES IN FEED COSTS FROM 125 LBS TO 200 LBS WEIGHT PER
PEN OF 8 PIGS FED CORN-SOY RATIONS OF 14% OR 11% CRUDE PROTEIN

Average difference	 Range for different costs
Group	 14% cost - 11% cost	 of corn and SBOM	 used 

Jan.	 45.60	 43.45 - 48.25

Feb.	 1.40	 - 1.67 - 3.95

April	 19.77	 17.16 - 21.46

May	 - .88	 - 4.41 - 1.90

June	 6.19	 3.32 - 8.35

July	 34.86	 33.28 - 35.58

Aug.	 7.65	 5.56 - 9.18

Sept.	 10.14	 8.11 - 11.59

An economic advantage of feeding the lower protein ration appears to be evi-

dent. The feed required/lb gain in most of the low protein groups is more than

offset by differences in ration costs. Seasonal trends are difficult to predict

from this limited data; however, during the colder months a greater amount of

feed is consumed, and despite the ration being lower in percent protein, each

pig might receive adequate protein as measured in grams per day. So despite a
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lower protein percent, each pig can reach NCR recommended levels due to increased

feed consumption. Differences in performance would be maximized during warmer

weather and minimal or negligible during the winter under these two feeding re-

gimes.

The economic advantage of the 11% protein diet has a disadvantage which can-

not be overlooked in a high intensity confinement-rearing situation. High protein

pigs were in phase 2 of testing for an average of 41.66 days while the low protein

group required 47.80 days to reach 200 lbs. There is thus an added burden placed

on facilities due to feeding the 11% protein ration. However, a producer who is

not producing at capacity may possibly increase profits by switching to a diet

lower in protein if carcass merit, and thus selling price, is not affected.

Summary 

From data in this experiment, it appears that an 11% protein group cannot

usually maintain the level of performance achieved by the 14% protein group.

However, when feed costs are analyzed in combination with differing feed conver-

sions, the lower protein group shows some economic advantages. Although there

are only minor differences in carcass quality, the low protein group takes longer

to attain market weight. If these data are a representative sample of responses

to the 11% protein diet, it would be possible to increase profits by feeding a

lower protein corn-soy ration under certain conditions and environments.
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EFFECTS OF RATION CHOICES AND BROOD STOCK MANAGEMENT
ON PROFIT POTENTIAL

David C. England
1

Oregon swine production, because of the low total number of hogs produced,

has almost no influence on the basic price of hogs at any given time nor on the

hog price cycle; there is a comparable lack of influence on the price of major

feedstuffs used in swine rations. Oregon producers do have some distinct advan

.tages for swine production, however: (1) a generally more favorable climate which

does not have the extremes of heat and cold of long duration, and the general

absence of occurrence of high temperature and high humidity at the same time; (2)

absence of widespread prevalence of several of the most devastating diseases; and,

because there is not a high concentration of farms producing hogs, there is not a

high probability of contact with major diseases if proper herd health programs

are used; and, (3) even the lack of a "hog heritage" and long-existent investments

in facilities and equipment can be viewed as favorable if they are recognized and

utilized as a clean-slate basis for development of production units and operation-

al programs specifically adapted to present and future needs and opportunities.

Even if the above advantages are recognized and utilized, the economic fact

remains that the ratio of production costs to selling price is the final deter-

miner of profit or loss and the production fact remains that, on average, feed

costs are 70-85% of total production costs. Inasmuch as Pacific Northwest produ-

cers are at a competitive disadvantage on cost of ration ingredients, the formula

for economic success involves first, developing the most biologically efficient

production programs obtainable consistent with sound cost-return ratios;secondly,

within the existing price structures for feedstuffs, the use of least-cosh-rations

on a cost of production basis--which is not necessarily the same as least-cost

on a ration cost basis; and third, use of the most advantageous marketing pro-

gram available. The remainder of this paper will relate to the influence which

some of the production practices and ration component choices can have on perform-

ance levels and/or feed costs per unit of production. These will consist of (1)

choice among various available generally used feedstuffs; (2) substitution of

feedstuffs of lower nutritional value and/or lower palatability for a part of the

more nearly optimum and generally used feedstuffs; (3) feeding of lactating sows

according to production level; and (4) effect of consistently using boars with

1Department of Animal Science, Oregon State University, Corvallis
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production records for superior feed efficiency.

Over a period of several years, Oregon State University has conducted various

experiments relating to the above areas. In 1969, Hamstreet and England reported

the results of feeding trials which compared rations using barley or wheat or corn

as the primary grain to be used in rations formulated on a least-cost basis for

the other ingredients on the basis of then-current prices; a "standard" ration

based on barley was included for comparison. These experiments also included a

determination of the effect of switching the grain component of the ration from

one to another of the grains each three weeks compared to feeding the same ration

throughout the entire growing-finishing period. Performance and carcass traits

are shown in table 1.

The data shown in table 2 indicate similar average daily gains and feed

efficiencies for market hogs fed the different rations; carcass measurements

were likewise similar. These results indicate that cost of nutritionally equal

rations--given the condition of equal palatability--can be the basis for choice

of ration components; when costs are different, opportunity for savings exist.

Further, when such rations are composed of feeds of similar palatability, the

ration formula can be changed during the feeding period without important adverse

effects on performance levels.

TABLE 2. AVERAGE DAILY GAINS AND FEED EFFICIENCY FOR MARKET HOGS FED BARLEY,
WHEAT, OR CORN RATIONS FORMULATED TO CONTAIN 14% CRUDE PROTEIN AND
1500 Kcal/LB

Grain	 ADG (lbs)	 FE 

Barley	 1.54	 3.30

Wheat	 1.51	 3.36

Corn	 1.50	 3.27

"Standard" barley ration	 1.61	 3.25

Constant ration
1

	

1.52	 3.30

Switched ration
I
	1.45	 3.18

1
in the switched ration groups, each ration was fed for three weeks and then
changed abruptly; the constant rations were fed from beginning to finish; the
"standard" barley ration was not a least-cost formulation.

Other experiments at OSU have involved substitution of less palatable and/or

less nutritious ingredients for a portion of the grain in the ration without ad-

justment of the formula to achieve the same nutrient content in the usual and in

the substituted ration. This kind of ration change, if made in a producer's
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program, is generally intended to utilize a lower cost ingredient with the expec-

tation of a corresponding decrease in cost of gain. Tables 3 and 4 respectively,

show performance and carcass results of substitution of various amounts of alfal-

fa as replacement for grain in market hog rations.

TABLE 3. PERFORMANCE OF BARROWS OR GILTS FED RATIONS CONTAINING DIFFERENT AMOUNTS
OF ALFALFA

Alfalfa
Feeding
period

Av.
daily
gain
(lbs)

Av.
daily
feed

intake

Av. feed/lb gain

Alfalfa
Non-

alfalfa

Lbs grain
saved/lb

gain Total

10%
20%
30%

60-200 lbs
60-200 lbs
60-200 lbs

1.68
1.60
1.47

0.37
0.81
1.30

3.37
3.23
3.03

3.74
4.04
4.38

0% 125-200 lbs 1.89 7.0 0 3.73 3.73
20% 125-20U lbs 1.62 7.1 0.88 3.51 0.22 4.39
40% 125-200 lbs 1.38 7.0 2,03 3.05 0.68 5.05
60% 125-200 lbs 0.99 6.3 3.83 2.55 1.18 6.38

0% 125-200 lbs 1.90 7.0 0 3.70 3.70
40 %2 125-200 lbs 1.40 6.6 1.90 2.86 0.84 4.76
40%2 125-200 lbs 1.63 7.4 1.92 2.74 0.96 4.56

0% 125-200 lbs 2.07 7.5 0 3.60 3.60
340% 125-200 lbs 1.63 8.3 2.04 3.06 0.54 5.10

0%44
4 lbs 1.82 7.2 0 3.90 3.90

40 125-200 lbs 1.54 8.0 2.08 3.12 0.78 5.20

1No additives; 
2
ASP-250 added; 3Barrows fed individually; 4Gilts fed individually

TABLE 4. CARCASS TRAITS OF MARKET HOGS FED RATIONS CONTAINING DIFFERENT AMOUNTS
OF ALFALFA

Av.
carcass

Alfalfa length

Av. Av. % % ham % ham
Av. loin live wt. Av. % and loin and loin

backfat eye shrink lean (live wt. (carcass
thickness area (24 hrs) cuts basis) basis)

10% 30.8 1.46 3.73
20% 30.9 1.36 3.48
30% 30.9 1.25 3.52

U% 30.5 1.68 4.30 4.5 50.4
20% 30.5 1.46 4.61 4.3 52.8
40% 31.1 1.32 4.50 5.4 53.9
60% 30.7 1.28 4.13 7.9 55.0

0%1 30.3 1.48 4.46 27.43 36.1
40%1 30.2 1.30 4.37 27.37 37.3

1
Barrows fed individually	 72



It can be seen from tables 3 and 4 that as amount of alfalfa substituted for

grain increases, (1) average daily gain and feed efficiency are adversely affected,

(2) carcass backfat decreases, percent lean cuts increases, and no real changes

occur in loin eye area or length, and (3) the continued use of an antibiotic in

the finishing period improved average daily gains and feed efficiency but various

other additives did not.

When a reasonably accurate estimate of the performance responses is known,

it is possible to estimate the economic consequences of making such substitutions.

On a feed cost basis, these will vary as the relative cost of the alternative feed-

stuff (alfalfa in this case) and the conventional feedstuff (grain in this case) vary.

A general guide to changes in feed cost can be based on the cost of the amount

of the alternative feedstuff used vs the amount of the conventional feedstuff

saved. On a feed cost only basis, the substitution will not be profitable unless

the amount of alternative feedstuff used can be bought and used for less than

the cost of the amount of conventional feedstuff saved. The amounts of the former

and of the latter are shown for each ration in table 3.

If changes other than feed efficiency occur, their effects also will affect

the economics of making substitutions; changes in carcass fatness, it reflected

in increased market price, would be an added economic benefit whereas lower growth

rate would have an unfavorable effect if labor, occupation of pen space, cost of

cleaning and other daily care are considered.

Another alternative feedstuff evaluated recently is rye grass screenings. The

particular screenings used had a crude protein content of 10.5% and 28.4% fiber.

Screenings were used to replace 0, 20 or 40% of the grain in three trials. The

test period was from approximately 130 lbs initial weight to approximately 210 lbs

final weight. Average daily gain, feed/lb gain, amount of grass seed screenings

used/lb gain, and amount of grain saved are shown in table 5.

TABLE 5. AVERAGE DAILY GAIN AND FEED EFFICIENCY OF MARKET HOGS FED DIFFERENT
AMOUNTS OF RYE GRASS SCREENINGS AS REPLACEMENT FOR GRAIN IN THE FINISHER
RATION

Percent	 Av.	 Av.	 Av.	 Av. daily 	 Av. lbs feed/lb gain 

	

No.	 screen- initial ending days	 on	 gain	 Screen- Regular	 Lbs grain

	

pigs	 ings	 wt(lbs)	 wt(lbs) test	 (lbs)	 ings	 ration Total saved 

29 0 126 211 45.0 1.89 0 3.36 3.36 0

29 20 129 209 51.0 1.63 .85 3.41 4.26 -.05

29 40 128 206 58.0 1.36 1.76 2.63 4.39 .73

It is apparent that rate of gain and feed efficiency were adversely affected

by inclusion of grass seed screenings at either level as a replacement for grain;
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carcass data were not obtained. From a feed cost standpoint only, it appears

that these grass seed screenings would not be profitable to use unless at least

2.5 lbs of screenings would cost less than one pound of grain; based on the feed

efficiency at the 20% level of replacement, there would be no level at which in-

clusion would be profitable. It seems likely that the feed efficiencies shown at

20% vs 40% replacement are not correctly indicative of true response.

Feeding during lactation should accomplish two goals: (1) support of optimum

(usually maximum or near maximum) milk production, and (2) maintenance of body

condition such that sows will breed within a week after weaning of litter. Age

of the litter at weaning will influence amount of weight lost by the sow during

lactation; maximum milk production is reached at 2 1/2 to 3 weeks and continues

at a high level until or through the 5th week.- The number of pigs nursing influ-

ences the total amount of milk produced; feeding according to number of pigs

nursing is thus a sound basis for feeding if sows are hand fed. One system, used

at OSU, is to feed 6 lbs/day plus 1/2 lb for each pig. Allotment for sows nursing

litters of 6 through 14 pigs would thus be:

No. pigs
nursing

Pounds of sow
feed daily

No. pigs
nursing

Pounds of sow
feed daily

6 9 11 11.5
7 9.5 12 12
8 10 13 12.5

9 10.5 14 13
10 11

In most instances,' this system provides less than full feeding for dams with

litters of fewer than 12 pigs; feeding according to this or a similar guide based

on number of pigs nursing will thus usually reduce lactation feed volume and cost.

Capability for efficient feed utilization is an inherited trait; it is favor-

ably associated with both rapid rate of gain and leanness. For animals managed

alike in the same herd, differences in efficiency of feed utilization, on the aver-

age, are about 40% due to differences in inherited capability. It is, therefore,

important to select for efficiency of feed utilization. For commercial producers,

such selection--except for that which is associated with rate of gain and lean-

ness--is feasible only in choice of boars. Over several generations, the cumula-

tive genetic influence of the sires becomes almost total when all female replace-

ments are selected from within the herd. In generation 1 (any starting point),

50% of the heredity in the pigs is contributed by the boars; when these gilts are

kept as replacements and are mated, 50% of the heredity in the pigs is derived

from their sire and 25% from the sire of their dam for a total of 75% from the
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two generations of sires. In the third generation, this increases to 87.4% and

becomes 93.75% in the fourth generation. Thus it is inevitable that improvement

in feed efficiency will occur continually if each generation of boars is superior

to the previous one.

Schiemann and England (1976) gave the following illustrations of the feed

savings and dollar value of using boars with superior feed efficiency:

The expected economic benefits in feed efficiency in one generation re-

sulting from use of a boar with superior feed efficiency are readily seen in the

following example:

Sire A -- 2.6 feed efficiency

Sire B -- 3.2 feed efficiency

Sire difference in feed efficiency = .6 lb

Weight gain in feed lot (50-200 lbs) = 170 lbs

.6 x 170 lbs = 102 lbs less feed required by Sire A to gain 170 lbs

Heritability of feed efficiency = .35

Sire difference x heritability _ Expected feed savings of offspring due
2	 to using the superior sire

102 x .35 
= 18 lb expected feed savings per offspring

2

TABLE 6. EXPECTED ECONOMIC BENEFITS FROM USING SIRES WITH SUPERIOR FEED EFFICIENCY

Feed efficiency	 Pounds	 Dollar savings per pig
difference	 feed saved 	 when feed cost per ton 

between sires	 per pig produced	 $140	 $160	 $180	 $200

	

.6	 18	 1.26	 1.44	 1.62	 1.80

	

.7	 21	 1.47	 1.68	 1.89	 2.10

	

.8	 24	 1.68	 1.92	 2.16	 2.40

	

.9	 27	 1.89	 2.16	 2.43	 2.70

	

1.0	 30	 2.10	 2.40	 2.70	 3.00

In addition to the benefits in the first generation as shown in table 6, the

benefits accrue through succeeding generations as shown by the cumulative influence

of sires explained above. These benefits are too important to ignore.
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