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Feeding Systems and Rations For the Very Young Pig

R. J. MEADE

It is well established that young pigs
prefer starters which contain such in-
gredients as sugar, dried skim milk,
dried whey, and rolled oats. Further,
it has often been demonstrated that
including such ingredients as dried
skim milk, dried whey, fish meal, fish
solubles, and sugar in pig starters for
pigs weaned at an early age will result
in increased weights of the pigs at eight
weeks of age as well as in improved
feed conversion efficiency. Swine pro-
ducers have often overlooked the nu-
trient contribution of sow's milk when
pigs nurse the sow to five to eight
weeks of age and have tended to as-
sume that these pigs must be supplied
with the same high quality pig starters
often recommended for pigs weaned at
two to three weeks of age.

Simplification of starters for young pigs
A series of tests has been conducted

at the University of Minnesota in
which certain specialty ingredients
(sugar, dried skim milk, dried whey,
fish meal, and rolled oats) have system-
atically been eliminated from the pig
starter. These tests have not been con-
ducted because these specialty ingredi-
ents are not excellent components of
pig starters but because they are gener-
ally high-cost ingredients and because
it was considered important to deter-
mine whether the nutrient needs of the
young pig might be met satisfactorily
with fewer ingredients of relatively
lower cost.

R, J. MEADE is Professor of Ani-
mal Husbandry, Institute of Agricul-
ture, University of Illinnesota.

The influence of source of protein
upon rate and efficiency of gain of
pigs weaned at an average weight of
13.4 pounds was investigated in one
experiment. Two lots of 15 pigs were
fed each experimental starter for a 6-
week period. The sources of protein
used, performance of the pigs during
the 6-week feeding period, and rate
and efficiency of gain of 26 representa-
tive pigs from each treatment group
over a subsequent 81-day feeding pe-
riod are shown in Table 1.

Although small differences existed
in final (9-week) weights of the pigs
and in average daily gain, neither of
the sources of supplemental protein
affected these criteria significantly. It
appeared that replacement of a part of
the soybean meal in the basic starter
(treatment 1) with 3% of tankage de-
pressed final weights and daily gains.
Feed conversion efficiency was de-
pressed significantly when the starter
contained 3% of tankage (treatment
2), but not when this amount of tank-
age was used in combination with 3%
of fish meal. Inclusion of 10% of dried
skim milk in the starter improved feed
conversion efficiency significantly
(treatment 5 vs. treatments 1, 2, and
4). The starter used for treatment 5
would have cost 22% more than that
used for treatment 1, and the differ-
ence in feed conversion efficiency be-
tween the two treatments was only
5%. It may be that the added cost of
the starter including dried skim milk
was not justified when it is considered
that there were no apparent differences
in thrift and vigor of the pigs at 9
weeks of age and that the pigs fed the
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Table 1. Influence of source of supplemental protein on rate and efficiency of
gain of pigs weaned at approximately three weeks of age'

Treatment No. 	 1 2 3 4 5
Soybean meal in starter, % 	 25 20.5 20.5 16.5 18.0
Fish meal in starter, % 	 3.0 3.0
Tankage in starter, %	 3.0
Dried skim milk in starter, %... 10.0

No. pigs per treatment 	 28b 29b 29' 30 29b
Av. initial wt., lb. 	 13.5 13.4 13.5 13.4 13.4
Av. final wt., lb. 	 46.2 44.6 47.4 46.3 48.6
Av. daily gain, lb. 	 0.78 0.74 0.80 0.78 0.84
Feed per lb. gain, lb. 	 2.08e 2.20' 2.02'' 2.07e 1.96•
No. pigs per treatment dur-

ing 81-day feeding
period'	 	 26 26 26 26 26

Av. daily gain, lb. 	 1.53 1.61 1.60 1.67 1.66
Feed per lb. gain, lb. 	 3.53 3.44 3.51 3.49 3.53

a All starters contained 10% sugar (sucrose) and 20% rolled oats„ were formulated to contain 0.8%
calcium and 0.6% phosphorus, contained 18% protein, and were supplemented to contain adequate amounts
of vitamins as well as 20 mg. oxytetracycline per lb.

b Weight and gain data for 2 pigs, treatment 1, and 1 pig each in treatments 2 and 5 omitted: growth
failure. •

e Weight and gain data for 1 pig, treatment 3, omitted: parakeratosis.
d Pigs were fed corn-soybean meal-tankage (2:1 ratio) ration containing 15% protein until they

reached 100 lbs., and 12% protein thereafter and until termination of 81-day feeding period.
e•f,g•b Means within line having different superscript letters differ significantly (P<.05).

more costly starter were only 2.4
pounds heavier (48.6 vs. 46.2).

Performance data for pigs con-
tinued during the 81-day feeding pe-
riod show that the pigs fed the starter
containing only soybean meal as the
source of supplemental protein gained
9% more slowly than the most rapidly
gaining pigs (treatments 4 and 5).
However, the apparently slower gains
of the pigs from treatment 1 were not
reflected in less efficient conversion of
feed to gain, as differences between
treatments were negligible. Those pigs
fed the basal starter would have re-
quired approximately nine days longer
to reach market than would the pigs
showing the most rapid gains (treat-
ments 4 and 5).

In a succeeding experiment, the
basal starter used in the experiment
just reported was compared with start-
ers in which varying amounts of sugar,
dried skim milk, and dried whey as
shown in Table 2 were used. Two

groups of 10 pigs each were fed each
of the experimental starters. Data for
rate and efficiency of gain shown in
Table 2 indicate that those pigs fed
starters containing 10% of dried skim
milk were significantly heavier after a
35-day feeding period (approximately Y

8 weeks of age) than were those pigs
fed starters containing only sugar or
dried whey as specialty ingredients.
However, efficiency of feed utilization
was not affected significantly by treat-
ment, although a 12% difference
existed between treatments 2 and 3.
The starters in order of treatment
would have cost approximately 100
(basal), 125, 89, and 105% of the
basal starter.

Data for rate and efficiency of gain
for 14 representative pigs from each
treatment continued on rations as de-
scribed for the previous experiment
(footnote d, Table 1) for 91 days show
that the pigs fed the starter containing
10% whey gained approximately 9%
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No. pigs per treatment 	
Av. initial wt., lb. 	
Av. adjusted final wt., lb.° 	
Av. daily gain, lb. 	
Feed per lb. gain, lb. 	
No. pigs per treatment during 91-day

feeding period 	
Av. daily gain, lb. 	
Feed per lb. gain, lb. 	

Treatment No. 	
Sugar in starter, % 	
Dried skim milk in starter, %
Dried whey in starter, % 	

r Fish meal in starter, % 	
Rolled oats in starter, %

Table 2. Influence of sugar and milk by-products on rate and efficiency of gain of
pigs weaned at an early age'

1 2 3 4
10 10 ....

10 10
.... 10 10

3 3 3 
20 20 20 20

20 20 20 20
13.6 13.8 13.8 13.7
40.6e ' d 43.6e. 39.9e 42.9d'e

0.76 0.86 0.76 0.83
1.95 1.90 2.13 1.99

14 14 14 14
1.50 1.52 1.63 1.59
3.33 3.35 3.36 3.32

a Major ingredients of starters in addition to those indicated were finely ground yellow corn and soy-
bean meal (44%). Starters were formulated to contain 18% protein, 0.8% calcium, and 0.6% phosphorus,
to be adequate in vitamins and to contain 20 mg. chlortetracycline per lb.

b Adjusted on basis of initial weights, covariance analysis.
e,d , e Means within line having different superscript letters differ significantly (P<.01).

more rapidly than those fed the starter
with soybean meal as the sole source of
supplemental protein. There was no
evidence that starter treatment exerted
a carry-over effect upon efficiency of
feed utilization.

Rolled oats in the pig starter

Rolled oats is very acceptable to the
little pig and therefore is a feed of
choice in many pig starters. At the
time that this third experiment was
conducted, rolled oats cost 250% as
much as yellow corn, and its use as a
primary energy feed and to improve
acceptability of the starter was ques-
tioned unless it could be shown that
substantial improvements in feed con-
version or very large differences in 8-
week weights of the pigs could be ob-
tained. The relatively simple basal
starter used in this experiment con-
tained by weight (lb.) : finely ground
yellow corn, 60; soybean meal (44%),
20; fish meal, 3 ; dried whole sweet
whey, 15 ; dicalcium phosphate, 0.9;
ground limestone, 0.6 ; a high zinc trace
mineralized salt (contributed 40 ppm.

supplemental zinc to the starter), 0.5 ;
and a vitamin-antibiotic premix. The
vitamin-antibiotic premix provided the
following per pound of starter : vita-
min A, 1,000 I.U.; vitamin D, 200
I.U.; riboflavin, 1 mg.; calcium panto-
thenate, 4 mg.; niacin, 5 mg.; vitamin
B 12 , 5 mcg.; and chlortetracycline, 20
mg. The amounts of rolled roats indi-
cated in Table 3 were used in the ex-
perimental starters and were added at
the expense of yellow corn and small
amounts of soybean meal.

As is also shown in Table 3, average
final weights and daily gains of the
pigs were not affected greatly by level
of rolled oats in the starter. However,
significant differences in feed conver-
sion efficiency did result, and those
pigs fed the starter containing 30% of
rolled oats were much less efficient in
conversion of feed to gain. In this
case, it is important to recognize that
all starters were fed in meal form and
that those pigs fed the starter contain-
ing 30% of rolled oats attempted to
sort their starter, apparently to get to
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Table 3.	 Effect of level of rolled oats in the starter on rate and efficiency of gain
of pigs weaned at an early age

Treatment No. 1 2 3 4
Rolled oats in starter, % 10 20 30

No. pigs per treatment' 	 20 20 20 20
Av. initial wt., lb. 	 13.0 13.0 13.2 13.1
Av. final wt., lb. 	 41.0 402 41.1 39.2
Feed per lb. gain, lb. 	 1.94" 2.11' 1.95' 2.26'
No. pigs per treatment during 89-day

feeding period 	 14 14 14 14
Av. daily gain, lb. 	 1.54 1.49 1.54 1.56
Feed per lb. gain, lb. 	 3.21 3.24 3.20 3.28

a Two lots of 10 pigs per treatment.
b,e Means within line with different superscript letters differ significantly (P<.01).

Means within line with different superscript letters differ significantly (P<.05).
b,4 Means within line with different superscript letters differ significantly (P<.05).

the rolled oats, and as a result wasted
some starter. The costs of the pig
starters would have increased approxi-
mately 8% for each 10% addition of
rolled oats.

Data for rate and efficiency of gain
of 14 representative pigs continued
from each treatment for an 89-day
feeding period do not indicate that any
treatment exerted a carry-over effect
upon these criteria.

The results of the three experi-
ments just reported and from which
242 pigs were continued on rations
providing 15% protein to 100 pounds,
and 12% protein thereafter and until
the end of the feeding period, indicate
that pig starters of relatively simple
formulation not only supported excel-
lent performance of pigs during the
period from 3 to 8 or 9 weeks of age
but also exerted little carry-over effect
on performance during the subsequent
growing period. In two experiments,
slight differences did exist in rate of
gain during the post-8-9 weeks of age
feeding period, and these may have
been due to composition of the starter.
However, within the separate experi-
ments, efficiency of feed utilization
did not differ by more than 2.5% dur-
ing the post-8-9 week feeding period

suggesting that there was no carry-
over effect upon feed conversion effi-
ciency.

Corn-soybean meal starters for young
pigs

Subsequent to the conduct of these
experiments a fourth experiment was
conducted in which a corn-soybean
meal type starter containing 18.3% pro-
tein was supplemented as shown in
Table 4. This basic starter contained
by weight (lb.) : finely ground yellow
corn, 70.8; soybean meal (44%), 25.9;
dicalcium phosphate, 1.2; ground lime-
stone, 1.2 ; high zinc trace mineralized
salt, 0.5 ; and vitamin-antibiotic pre-
mix, 0.4. The vitamin-antibiotic pre-
mix provided the amounts of vitamins
described for the basal starter used in
the previous experiment with the ex-
ception that oxytetracycline replaced
chlortetracycline. Two lots of 15 pigs
were fed each of the experimental
starters from approximately 3 weeks
of age for a 5-week period. As shown
in Table 4, average final weights and
daily gains were somewhat less than
reported for the previous experiments,
but they were unaffected by composi-
tion of the starter. Those pigs fed the
starter containing 10% of dried whey
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in combination with 3% of fish meal
were significantly less efficient in con-
version of feed to gain-a result which
was not anticipated and would not be
expected to be consistently obtained.
Although these pigs were not continued
by treatment groups during the post 8-
week feeding period, it is interesting
to note that 96 representative pigs of
the original 120 (the heavy and light
pigs were excluded) averaged 1.75
pounds daily gain on 3.39 pounds of
feed per pound of gain during a subse-
quent 93-day feeding period. These re-
sults suggest that, although the pigs
used in this study did not show 8-week
weights in excess of 40 pounds, pigs
fed these relatively simple starters per-

formed well during the subsequent
growing period.

Because excellent results were ob-
tained in the previous experiment with
an 18% protein starter based on corn
and soybean meal, an experiment was
conducted in which starters based ex-
clusively on corn and soybean meal
and with adequate amounts of minerals
and vitamins and with an antibiotic,
but providing varying amounts of pro-
tein, were fed over a 6-week period to
pigs weaned at 3 weeks of age. The
protein level sequences and the results
of this experiment are shown in Table
5.

Protein level and sequence did not
affect significantly the 9-week weights

Table 4. Influence of fish meal and dried whey additions to corn-soybean meal
type starters on rate and efficiency of gain of pigs weaned at an early age.

Fish meal in starter, % 	
Dried whole sweet whey in starter 	

No. pigs per treatment 	
Av. initial wt., lb. 	
Av. final wt., lb. 	
Av. daily gain, lb. 	
Feed per lb. gain, lb. 	

3 3
10 10

30 30 30 30
13.6 13.5 13.6 13.5
38.0 38.0 37.4 37.3

0.70 0.70 0.68 0.68
2.02 1.99 2.03 2.16

Table 5. Influence of protein level sequence upon rate and efficiency of gain of
pigs weaned at 3 weeks of age

Age of pigs
	

Percent protein in starters

3 to 5 weeks 	  22	 22	 22	 20	 20	 20	 18
	

18	 18	 16
5 to 7 weeks 	  22	 20	 20	 20	 18	 18	 18

	
16	 16	 16

7 to 9 weeks 	  22	 20	 18	 20	 18	 16	 18
	

16	 14	 16

No. pigs' 	  14	 14	 14	 14	 14	 14"	 14	 14	 14'	 14
Av. initial wt. 	  13.4	 13.4	 13.4	 13.4	 13.4	 13.4	 13.4	 13.2 -13.4	 13.4
Adjusted final wt., lb." 44.1 47.6 46.7 48.4 46.9 44.4 46.8 43.1 44.8 45.7
Av. daily gain 	  0.73	 0.81	 0.79	 0.83	 0.79	 0.75	 0.79 0.70	 0.76	 0.76
Feed/lb. gain' 	  1.81	 1.77	 1.88	 1.82	 1.95	 2.07	 1.94	 2.08	 2.27	 2.20

a Two lots of 7 pigs per treatment; all weights in lb.
b One pig died after 22 days on test; gain data not included.
e One pig removed after 28 days on test; injury; gain data not included.
d Adjusted on basis of initial wt., covariance analysis.
e Means of 1.95 or less, significantly (P < 0.01) less than those of 2.20 and 2.28.

Means of 1.82 or less, significantly (P<0.01) less than those of 2.07 and 2.08.
Means of 1.88, 1.94, and 1.95 significantly (P < 0.05) less than those of 2.07 and 2.08.



Table 6. Influence of protein content of the diet, and of sequence, on rate and effi-
ciency of gain of pigs weaned at 3 weeks of age

Period
	

Percent protein in starter

3 to 5 weeks 	 18 20 20 20 18
5 to 6 weeks 	 18 18 20 18 18
6 to 7 weeks 	 18 18 18 18 18
7 to 9 weeks 	 18 16 18 17 18

No. pigs per treatments 	 37' 37' 37e 36' 37g
Av. initial wt., lb. 	 12.1 12.1 12.3 12.3 12.3
Adjusted final wt., lb.' 	 46.6 45.4 46.1 45.9 45.3
Av. daily gain, lb. 	 0.82 0.79 0.80 0.80 0.78
Feed per lb. gain, lb. 	 2.07 2.10 2.01 2.03 2.03

a Three lots of 10 pigs and one lot of 8 pigs per treatment.
b Adjusted on basis of initial wt., 'covariance analysis.
e One pig removed after 14 days on test: pneumonia.
d One pig removed after 10 days on test: injury.
e One pig removed after 9 days on test; one pig removed after 17 days on test: shaker.
r Gain data for one pig omitted . growth failure.

of the pigs or the average daily gains.
However, feed conversion efficiency
was influenced. When the starters con-
tained 18%, or more, of protein at all
stages of the 6-week feeding period,
the pigs were most efficient in conver-
sion of feed to gain. When the starters
contained 16% of protein for the en-
tire feeding period, or contained 14%
protein during the final 14 days, the
pigs were least efficient in conversion
of feed to gain.

In a more recent experiment, three
lots of 10 pigs each and one lot of 8
pigs were fed corn-soybean meal type
starters containing the percentages of
protein indicated in Table 6. These
starters were fed during the period
from 3 to 9 weeks of age, and 20 pigs
are being continued from each treat-
ment until they reach 200 pounds to
determine the effects of pre-9-week
treatment on rate and efficiency of
gain during the final stages of the
growing period. These data are not yet
available.

As shown in Table 6, protein level
sequence did not affect significantly the
9-week weights or daily gains of the

pigs. The values for feed conversion
efficiency are considered excellent and
were not affected by protein level se-
quence or level. In this experiment, as
in all others previously reported, the
starters were fed in meal form.

Starters for pigs weaned at five weeks
of age

Because of the excellent results ob-
tained with simplified starters, one ex-
periment was conducted with pigs
weaned at 5 weeks of age and with
rolled oats and sugar being omitted
from the starters. The composition of
the starters is shown in Table 7. Sta-
bilized animal tallow was included in
all starters at a level of 3% to facili-
tate pelleting. All starters were self-
fed.

The results of this experiment as
shown in Table 8 indicate that all start-
ers were equally acceptable. Rate and
efficiency of gain, and 8-week weights
of the pigs, were essentially equal, as
would have been expected if the start-
ers were of equal nutritive value and
were consumed at the same rates.
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Table 7.	 Composition of starters

Treatment

1 2

Ingredients, lb.
Ground yellow corn 	 56.1 56.0 39.5
Rolled oats 	 20.0-
Soybean meal, 44% 	 25.5 21.0 17.5
Fish meal 	 3.0 3.0 3.0
Sugar 	 10.0
Dried whole sweet whey 	 15.0 15.0
Dicalcium phosphate 	 0.9 0.7 0.7
Ground limestone 	 1.0 0.8 0.8
High zinc trace mineralized salt' 	 0.5 0.5 0.5
Stabilized animal tallow 	 3.0 3.0 3.0
Vitamin-antibiotic premix' 	

a Contained 0.8% zinc; supplied 40 ppm. zinc in complete starter.
b Supplied the following per ton of starter: Vitamin A, 3,000,000 I.U.; vitamin D, 400,000 LIT.; ribo-

flavin, 2 g.; calcium pantothenate, 8 g.; niacin, 10 g; vitamin B12, 10 mg.; and antibiotic, 40 g.

Table 8. Influence of composition of starter on rate and efficiency of gain of
suckling pigs

Treatment

1 2 3

Number of sows nursing litters 	 11 10 11
Total pigs 	 89' 8613 82b

Av. weights of pigs, lb.
At birth 	 3.32 320 3.10
At 14 days 	 8.8 8.0 8.0
At 35 days 	 22.8 21.9 22.6
At 56 days 	 43.4 41.7 42.6

Av. daily gain of pigs, lb.
14 to 35 days 	  0.67 0.66 0.69
35 to 56 days 	 0.99 0.93 0.96
14 to 56 days 	 0.83 0.79 0.83

Pig starter consumed per lb. pig gain, lb. .. 1.24 1.24 1.27
Av. pig starter consumption per pig, 14 to

56 days, lb. 	 42.9 41.8 43.9

a Data for 2 pigs that died after 35 days of age not included, 35-56 days.
b Data for 1 pig that died after 35 days of age not included, 35-56 days.

The effects of age of weaning young
pigs

More recently, experiments have
been conducted in which pigs were
weaned at 3, 5, and 8 weeks of age and
where corn-soybean meal starters of
the composition shown in Table 9 were
self-fed. The results of these two ex-
periments are presented in Table 10.

In both experiments, pigs weaned at
5 and 8 weeks of age tended to be
heavier at 8 weeks of age than those
weaned at 3 weeks of age. Pigs weaned
at 3 weeks of age did not have the
benefit of the nutrient contributions of
sow's milk and consumed more total
feed than did pigs weaned at 5 and 8
weeks of age. In Experiment I, the

9



sows were hand-fed a 16% protein
corn-soybean meal type ration twice
daily until their pigs were weaned at
3 or 5 weeks of age, and were self-fed
after 5 weeks when their pigs were
weaned at 8 weeks of age. It was ob-
served that the small pigs were eating
small amounts of feed with the sow
before they began to consume pig
starter. This may have enhanced feed
consumption of the pigs weaned at 3
weeks of age in this experiment. The
pigs weaned at 8 weeks of age actually
ate very little pig starter (8.4 lb. per
pig during the period from 35 to 56

days), but did eat large quantities of
feed from the sows' self-feeder. The
average daily feed intake per sow and
litter during the final 21-day period
was 22 pounds.

Although Experiment II was not
conducted simultaneously with Experi-
ment I, it may be that the results of
this experiment reflect some of the ef-
fects of system of management upon
performance of pigs of suckling age.
In this experiment, the sows were fed
away from the pigs twice daily, and
the pigs had no access to the sow feed.
The relatively low consumption of

Table 9.	 Composition of starters

Experiment I Experiment II

Percent protein 20 17 16 20 17 16

Finely ground yellow corn „ 	 ,
Soybean meal, 50% 	

68.1
28.0

75.0
21.0

77.5
18.5

62.2 72.1 74.5

Soybean meal, 44% 	 34.0 24.0 21.5

Dicalcium phosphate 	 1.1 1.3 1.3 1.0 1.2 1.3

Ground limestone 	 1.3 1.2 1.2 1.3 1.2 1.2
High zinc trace mineralized salt' 0.5 0.5 0.5 0.5 0.5 0.5
Vitamin-antibiotic premix' - ..... 1.0 1.0 1.0 1.0 1.0 1.0

a Contained 0.8% zinc; provided 40 ppm. supplemental zinc in complete starter.
b Provided the following per lb. starter: Vitamin A, 2,000 I.U.; vitamin D, 200 I. U.; riboflavin, 1

mg.; calcium pantothenate, 3 mg.; niacin, 3 mg.; vitamin B/ 2, 5 mcg.; and antibiotic, 25 mg. (3:1 mixture
of streptomycin and procaine penicillin).

Table 10. Influence of protein content of ration and time of weaning on rate and
efficiency of gain, and feed consumption, of pigs of suckling age

Experiment I Experiment II

Age of pigs at weaning, wks. 3 3 5- 8 3 3 5 8
Percent protein in starter 17 20 17 16 17 20 17 16

No. litters 	  	 	 	 	 	 	 	 10 9 9 9
No. pigs 	 24 24 24 24 94 87 93 87
Av. wt. at 3 wks., lb. 	 13.5 13.4 13.8 13.4 10.3 10.0 10.6 10.7
Av. wt. at 5 wks., lb. 	 14.0 14.0 17.8 18.2
Av. wt. at 8 wks., lb. 	 40.6 402 42.6 47.0 32.7 34.S 36.8 40.8
Pig starter consumed/pig, lb.

Birth to 3 wks. 	 0.40 0.40 0.40 0.40 0 0.10 0 0
3 to 5 wks. 	 11.3 11.5 1.7 1.0 7.4 7.0 2.5 3.0
5 to 8 wks. 	 48.8 48.0 42.0 8.4 35.4 35.2 34.1 31.5
Total 	 	 60.5 59.9 44.1 9.8 42.8 42.3 34.1 31.5

Pig starter per lb. pig gain,
lb.	 	 2.23 2.22 1.50 0.28 1.91 1.72 1.32 1.04
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starter by all pigs, and particularly
those weaned at 3 weeks of age, may
indicate that the pigs had not learned
to eat because of association with the
sow and her eating behavior.

All of the pigs from Experiment I
were slaughtered at an average final
weight of about 205 pounds. The re-
sults suggested that weaning the pigs
at 3 weeks of age may have resulted
in some stunting, because back f at
thickness was significantly greater than
that on carcasses from pigs weaned at
8 weeks of age, and loin-eye area also
tended to be greater when the pigs
had been weaned at 5 or 8 weeks as
opposed to 3 weeks of age. Additional
studies are under way and larger num-
bers of pigs will be slaughtered in an
effort to determine more exactly the
effects of time of weaning on carcass
characteristics.

SUMMARY

In summary, the following state-
ments appear justified :
1. Pigs weaned at 3 weeks of age pre-

fer starters which contain sugar and
dried skim milk, and such pigs may
gain more rapidly to 8 weeks of
age. However, feed conversion is

not greatly improved over that re-
sulting from the use of more sim-
ple starters.

2. Including dried skim milk, dried
whey, and fish meal in the pig
starter may exert a small favorable
effect on rate of gain of pigs during
the post-8-week period, but effi-
ciency of gain is unaffected.

3. Rolled oats is preferred by small
pigs, but it is not an essential com-
ponent of the pig starter.

4. Pigs weaned at approximately 3
weeks of age, 12 to 13 pounds live
weight, gained rapidly and efficiently
when fed nutritionally adequate
corn-soybean meal type starters.

5. There was no advantage to includ-
ing rolled oats or sugar in the
starter of pigs weaned at 5 weeks
of age.

6. Pigs weaned at 3 weeks of age con-
sume more total feed than those
weaned at 5 or 8 weeks of age, and
may be somewhat stunted as a re-
sult of being weaned to simplified
starters at 3 weeks of age. The man-
ner of feeding the sow may influ-
ence the eating behavior of the pigs
weaned at 3 weeks of age.
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Some Factors Affecting Efficiency of Barley as a Swine Feed

J. E. OLDFIELD

For several years the Oregon Agri-
cultural Experiment Station has con-
ducted investigations into means of
improving the utilization of barley as
an energy source for swine. Recent
statistics show barley production
throughout the 11 western states to be
some 5 times that of corn, and in the
Pacific Northwest particularly, the cli-
mate is conducive to barley culture.

Availability of the crop is only one
side of the picture however, and it has
been recognized for some time that
barley is inferior to corn in support-
ing growth of pigs. A considerable
number of experiments conducted
throughout the country have shown
that pigs fed barley rations do not
grow as rapidly nor convert feed as
efficiently as pigs fed a similarly sup-
plemented corn diet. While it is some-
what dangerous to generalize due to
the differences that exist among lots
of grains of the same species, there
are considerable data that suggest a
feeding value of barley for hogs of
about 75 to 85% of that of corn. Chem-
ical analysis of barley and other grains
is one means of explaining their nu-
tritional differences, and such data are
included in Table 1 below.

Probably one of the more significant
differences between barley and corn
nutritionally is the fiber content. Fiber
is largely undigested by swine, and it
will be noted that barley contains more
than three times as much as corn. In
addition to being indigestible itself,
fiber may mask the digestion of other

J. E. OLDFIELD is Professor of Ani-
mal Science, Oregon State University.

nutrients by providing a barrier be-
tween them and the digestive enzymes
which normally attack them. The pro-
tein content of barley as listed is
slightly higher than that of corn, but
protein in both these grains varies quite
widely depending on fertilizer prac-
tices and cultural conditions. Moreover,
the quality of the protein in barley is
equal to or superior to that of corn, ac-
cording to amino acid analyses. The
fat content of corn is higher than that
of barley; however fat is rather an in-
significant component nutritionally in
both of these grains.

Problems associated with barley hulls

Analytical data point to the barley
hull as being the source of most of its
nutritional inferiority. In addition to
the interference of the hull in the utili-
zation of energy-yielding nutrients
from the barley kernel as already men-
tioned, there may be more subtle prob-
lems connected with palatability. We
have noticed, for example, a distinct
tendency on the part of pigs to sort out
the hull material from ground barley
mixtures, and if one examines the
waste material around a self-feeder
used with a barley ration, the prepond-
erance of hull material is quite evident.

There are several possible solutions
to this problem of improving energy
utilization from barley. Briefly, these
may be classified as (1) supplementa-
tion where additional energy is added
to barley rations through some supple-
ment, usually fat, (2) removal of the
hull (pearling), (3) pre-treatment of
the barley grain, including soaking and
pelleting, and (4) enzymatic treatment
to improve energy utilization.
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Table 1. Proximate composition of barley, corn, and wheat'

Nitrogen
Dry	 Crude	 Crude	 Crude	 free

Grain	 matter protein	 fat	 fiber	 extract	 Ash

% % % % % %
Barley, Pacific Coast States	 89.9 9.7 2.1 6.3 79.1 2.9
Barley, common, not including

Pacific Coast States 	 89.4 142 2.1 6.0 74.6 3.1
Corn, dent No. 2' 	 85.0 10.2 4.6 2.4 81.0 1.5
Wheat, average of all types 	 89.5 14.7 2.1 2.9 782 2.1

a Converted from Morrison to dry matter basis (35, pp. 1044-1066).
b Average values of corn in a good year and corn in a year with much soft corn.

Table 2. The effect of added fat and pelleting upon the performance of a high
barley ration

Av.	 Av.	 Av.	 Feed/
initial
	

final
	

daily	 pound
Treatment	 weight	 weight	 gain	 gain

lbs.	 lbs.	 lbs.	 lbs.
1. Barley control-Ma 	 73 172 1.41 5.48
2. Barley control-P 	 72 184 1.60 4.08

(Average) 	 (1.50) (4.78)
3. Barley ± 5% fat-M 	 74 190 1.66 424
4. Barley ± 5% fat-P 	 73 190 1.68 4.20

(Average) 	 (1.67) (4.22)

a M = meal, P = pelleted.

Supplementation studies and pelleting
effects

Animal tallow is frequently used as
an energy supplement in swine ra-
tions. Being a fat, tallow has some
21 times the energy concentration of
the carbohydrates in grains, and, since

jr it is a hard fat, it does not reduce the
hardness of the fat in the carcass. The
responses of pigs to barley rations
both in meal and pellet form and in
the presence or absence of fat are
shown in Table 2.

It is obvious that there is a consider-
able advantage to either pelleting of
barley rations or to addition of fat,
but the significance of the advantage
disappears when both fat addition and
pelleting are carried out simultane-
ously under conventional conditions.

We have recently come to the con-
clusion that the reason for the lack of
an additive effect to fat supplementa-
tion and pelleting is that the fat causes
formation of a softer pellet which
crumbles in storage. Special pellet
dies are available which are thicker
than the conventional ones and have a
greater taper to the holes. When these
are used, fat-containing pellets can be
produced which stand up better and
are more dense than those prepared in
conventional ways. Results from feed-
ing these special pellets are shown in
Table 3.

Pre-treatment of barley

One of the most logical means of
improving utilization of barley, if the
assumption that the hull is the major
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interfering factor is correct, is the re-
moval of the hull. Commercially, this
can be done through a process called
"pearling." However, the resulting
product is considerably more expen-
sive than the untreated grain. Compar-
ison of performance of pigs on whole
barley and pearled barley are interest-
ing however, in that they do lend fur-
ther support to the theory of barley-
hull interference. Table 4 lists such a
comparison.

It is obvious from these data that
removal of the barley hull resulted in
significant improvements in rate of
gain and in efficiency of feed conver-
sion by pigs. The fact that daily feed
intake was higher on the regular bar-
ley ration than on that containing
pearled barley suggests that interfer-
ence with energy utilization rather
than with palatability is the major
problem. More recent data on the feed-
ing behavior of pigs may suggest that
an increase of feed waste may have
made the apparent feed intake of the
pigs receiving regular barley higher.

An alternative solution to this problem
would be the use of hull-less varieties
of barley, and this approach will be
investigated in future experiments.

Another form of pre-treatment of
barley grain is soaking, and the liter-
ature abounds with reports of experi-
ments involving soaked vs. unsoaked
grains. Some recent data gathered at
this station on this subject are pre-
sented in Table 5.

Soaking a ground barley ration ap-
parently resulted in some improvement
in rate of gain over that obtained on
the same ration fed dry ; however, this
difference was not significant when an-
alyzed statistically. On the other hand,
there was a significant depression of
rate of gain when whole barley which
had been soaked was fed, indicating
that the soaking process was not suffi-
cient in this case to remove the inter-
fering influence of the barley hull.
Again, the higher feed intake on the
whole soaked barley ration is evidence
that the barley hull does not interfere
particularly with palatability. These re-

Table 3. Summary of results of feeding trial testing the effect of a special pellet
die on high fat barley rations

Av.	 Av.	 Av.	 Feed/
initial	 final
	

daily	 pound
Treatment	 weight	 weight	 gain	 gain

lbs.	 lbs.	 lbs.	 lbs.

Ground barley meal 	 51.1 221.1 1.89 3.74
Ground barley pellet 	 51.9 217.9 1.84 3.48
Ground barley + 5% fat (meal) 	 51.1 221.1 1.89 3.50
Ground barley + 5% fat (pelleted) 	 51.3 227.5 1.96 3.27

Table 4. Results of feeding trial comparing regular and pearled barley in swine
rations

Av. Av. Feed/ Average
initial daily pound daily feed
weight gain gain intake

lbs. lbs. lbs. lbs.

Pearled barley 	
	

42
	

1.83
	

3.30 	6.0
Regular barley 	

	
42
	

1.69
	

3.85 	6.4

Treatment
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Table 5. A comparison of a barley ration fed either wet or in dry form

Av.	 Av.	 Av. daily
initial
	

daily
	

feed	 Feed
Treatment	 weight	 gain

	
intake	 conversion

lbs.	 lbs.	 lbs.	 lbs.
Dry ration 	 40.44 1.80 6.33 3.52
Soaked ground barley 	 40.78 1.88 6.42 3.41
Soaked whole barley 	 42.89 1.65 6.79 4.11

Table 6. The effect of enzyme treatment on soaked whole barley

Av.	 Av.	 Av. daily
initial
	

daily
	

feed	 Feed
Treatment	 weight	 gain

	
intake	 conversion

lbs.	 lbs.	 lbs.	 lbs.
Soaked whole barley 	

	
41.33
	

1.58
	

6.43 	4.07
Soaked whole barley + enzyme 	

	
40.44
	

1.55
	

6.40 	4.13

sults are fairly typical of grain-soaking
experiments. The soaking appears to
give some slight advantage but usually
one which is not economical consider-
ing the additional cost of treatment.

Enzyme treatment

One of the most intriguing possibil-
ities in improvement of barley utiliza-
tion is that involving addition of en-
zyme supplements. The theory behind
this is that the pig is endowed with di-
gestive enzymes which are capable of
handling most of its common feed ma-
terials fairly effectively. In some cases
however, notably that of fiber or cellu-
lose, the pig's natural digestive en-
zymes are not effective, and it would
appear possible to effect some improve-
ment by adding the necessary enzymes
to the ration. Since all enzymes are
proteins, they become denatured and
lose their biological activity in the pres-
ence of strong acids such as exist in
the pig's stomach. This means that it
is unlikely that enzymatic effectiveness
could be achieved by adding the en-

zyme to dry feeds which pass directly
into the pig's stomach. However, there
would appear to be some possibility
that pre-treatment of feeds with en-
zymes in fermentation tanks might be
effective.

This latter possibility has been in-
vestigated in a recent experiment and
the data obtained are given in Table 6.

It will be noted that in this study
where a cellulase preparation capable
of breaking down some of the fi-
brous components of barley was added
to the barley and allowed to soak prior
to feeding, there was no demonstrable
advantage in increased rates of gain.
Although other experiments at this
Station have generally given similar re-
sults, in that enzyme treatments have
not proven significantly beneficial, still
this matter should not be considered
closed. A wide range of enzyme prep-
arations is available from which to
choose, and it is possible that altered
conditions of temperature and acidity
during the soaking process might yield
some advantage. This matter will be
studied further.
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CONCLUSIONS
It has been demonstrated that the

utilization of energy from barley grain
can be improved by pigs through sev-
eral different techniques. The simple
addition of a high energy nutrient,
such as fat, is effective and may be
used when the cost of fat supplements
is comparable to equal amounts of en-
ergy from other sources. Pelleting of
barley rations has consistently im-
proved their utilization by swine, and

this practice too may be followed when
the economics of the operation are
favorable. Use of modified mill equip-
ment may make it possible to produce
fat-containing pellets which will yield
an additive advantage over either fat
supplementation or pelleting handled
separately. Pre-soaking of barley grain
prior to feeding and addition of cellu-
lase enzymes to such preparations have
usually not been beneficial.

Influence of Limited Feeding on Growth Rate, Feed Efficiency,
and Carcass Traits of Market Hogs Fed Balanced Barley

Rations in Ground or Pelleted Form

D. C. ENGLAND, T. P. DAVIDSON, J. E. OLDFIELD, and R. W. COOPER

In a comprehensive review and
summarization of experiments with
limited feeding of market hogs, Meade
(Minn. Nutr. Conf., 1963) has pointed
out that interest by swine producers in
the practice of limited feeding for mar-
ket hogs is due to (1) its long estab-
lished role in helping to improve car-
cass cutout, (2) the possibility that
limited feeding will result in a sub-
stantial saving of feed, and (3) em-
phasis on the use of automatic feeding
equipment to control level of feeding
while substantially reducing labor re-
quirement for the swine enterprise.

D. C. ENGLAND is Associate Profes-
sor of Animal Science, Oregon State
University; T. P. DAVIDSON is Super-
intendent of the Umatilla Experiment
Station; J. E. OLDFIELD is Professor
of Animal Science, Oregon State Uni-
versity; and R. W. COOPER is Herds-
man, Umatilla Experiment Station.

The basis for expectation of advan-
tages as indicated in points (1) and
(2) above arise from the growth pat-
terns of swine. McMeekan (J. Ag.
Sci., XXX (IV), 1940 showed that
early in the life of pigs, muscle is pro-
duced at a faster rate than is fat. With
increasing size, the rate of muscle for-
mation decreases, while the rate of fat
deposition increases steadily. From
about 150 pounds to market weight, fat
is deposited faster than muscle is pro-
duced. Fat tissue contains more energy
than does lean ; energy utilized as
weight gains is derived from feed con-
sumed. Numerous reports indicate that
on the average there is a feed efficiency
advantage in favor of lean hogs as
compared to their fatter herd mates
(Annual Report, Hormel Inst. 1954-

55; Nat'l. Hog Farmer Bulletins E9
and C5). Limited feeding may offer a
means of providing the amount of en-
ergy which is adequate for muscle for-
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mation but which is insufficient for ex-
cess fat deposition.

Feedstuffs differ in their energy
content. Corn, dent, grade No. 2 has
an estimated net energy content of 80.1
therms per 100 pounds, whereas Pa-
cific Coast States barley has an esti-
mated net energy content of 71.4
therms per 100 pounds. Barley is the
grain used in most market hog ra-
tions in Oregon. With their lower en-
ergy content, full-fed barley rations
may, in terms of energy content, al-
ready represent a form of limited feed-
ing as compared to rations with corn
as the grain source. It is important for
Oregon swine producers that the re-
sponse of market hogs in Oregon to
limited feeding of barley rations be
determined.

Two experiments with limited feed-
ing have been conducted at the Uma-
tilla Experiment Station. In the first,
the objectives were to determine (1)
the influence of feed restriction to a
maximum intake of five pounds per,
pig per day on growth, feed efficiency,
and carcass traits; (2) whether the
same ration in pelleted and in meal
form produces the same results when
limited to the same amounts; and (3)
whether large variations in size of
pigs within pen groups causes severe
adverse effects on the performance of
smaller pigs in a group with limited
feeding.

The pens of mixed pigs contained
four large pigs and four small pigs.
Pigs in pens with uniform size con-
tained eight pigs of weights similar to
the smaller four pigs in the mixed size
pens. For the pens receiving limited
feed, restriction in ration began when
the largest pigs weighed 125 to 140
pounds. Limited-fed pigs were fed on
the floor and received 5 pounds of
feed per, pig per day after restriction

was begun. Full-fed pigs were fed in
self-feeders. Pigs from the OSU swine
herd at Corvallis were delivered to the
station at Hermiston on December 21
and were placed on experiment on De-
cember 26. The ration formula was as
follows

Ingredient lbs.

Ground barley 1,240
Ground yellow corn 200
Alfalfa meal, suncured 140
Soybean oil meal 170
Meat and bone scraps 120
Molasses 100
Oyster shell flour 20
Iodized salt 10
Zinc (zinc sulphate) 12 oz./ton

Average initial weights are shown in
Table 1, and performance and carcass
data are shown in Tables 2 and 3.

The second experiment was initiated
in mid-May and continued to mid-
August. Twelve pens of eight pigs
each were used. Each pen contained
four large and four small pigs. Objec-
tives were the same as in the first ex-
periment but, in addition, various de-
grees of feed restriction-90%, 80%,
and 70% of full-feed—were imposed,
and temperature was modified in some
pens through use of mist-spray but
was allowed to remain uncontrolled in
others. The ration was the same as in
Experiment 1. The experimental de-
sign is shown in Table 4.

Pigs were delivered to the Station
from the Hansell Brothers commercial
herd at Ordinance, Oregon, on May
12; on May 19 they were allotted to
experimental groups. By design these
pigs were at the desired weights for
beginning limited feeding within three
weeks after delivery to the station.
Performance data are therefore shown
only during the time limited feeding
was practiced. As in Experiment 1,
full-fed pigs ate from self-feeders, and
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Table 1. Average initial weights of pigs full-fed or limited-fed pelleted or ground
rations

Pen
Feeding

Average weights

program Small	 Large All

lbs. lbs. lbs.

1 Full, pelleted 	 65 85 75
2 Full, pelleted 	 63 63
3 Full, ground 	 61 84 73
4 Full, ground 	 63 63
5 Limited, pelleted 	 60 80 70
6 Limited, pelleted 	 60 60
7 Limited, ground 	  61 84 72
8 Limited, ground 	 61 61

Table 2. Growth rate and feed efficiency of market hogs fed the same ration in
different amounts and forms

Pen

Method
of

feeding

A. D. G.'
on

limited
feeding

Total
A.D.G.

Total
days to
reach

mkt. wt."

Feed/lb.
gain on
limited

feed

Av. daily
feed intake
on limited

feed'

lbs. lbs. lbs. lbs.

1 F-Pe 1.76 1.62 3.97 6.99
2 F-P 1.98 1.76 3.89 7.84
3 F-G 1.63 1.58 4.29 9.08
4 F-G 1.80 1.58 4.29 6.93
5 L-P 1.24 1.32 4.05 5.03
6 L-P 1.21 1.30 4.41 5.04
7 L-G 1,12 1.25 3.89 4.90
8 L-G 1.17 1.27 4.27 5.05

Av. F-P 1.69 83 3.93
Av. F-G 1.58 89 4.29
Av. L-P 1.31 107 4.23
Av. L-G 1.26 111 4.34

a For pens 1,2,3, and 4, this column refers to gains made after pens 5,6,7, and 8 went on limited
feeding.

b Computed from the same beginning weight of 60 pounds to market weight of 200 pounds.
e F = full-fed, L	 limited-fed, P = pelleted ration, G = ground ration.

limited-fed pigs were fed on the floor
twice daily.

The pen receiving a full-fed pelleted
ration with mist-spray cooling (Pen 7,
Table 4) was used as the standard for
computing daily feed allowances for the
restricted pens. All pigs were weighed
weekly, and feed allowances were com-
puted for the subsequent week on the
basis of these weights. To adjust for
differences in average weight of the
different pens at any given time, allow-

ances were computed by expressing the
average weight of the restricted pens
as a percentage of the weight of the
standard pen. This percentage was then
multiplied times the average daily feed
intake of the standard pen. Each lim-
ited-fed pen was then fed its appro-
priate percentage of this amount of
feed. Results are shown in Tables 4 to
7, inclusive.

The influence of limited feeding on
average daily gains is apparent in both
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Table 3. Carcass traits of market hogs fed the same ration in different amounts
and forms

Pen

Method
of

feeding
Live

weight
Dressing
percent Length

Back-
fat

Loin-
eye
area

lbs. % inches inches sq. inches

1 F-Pa 212 73.2 30.2 1.37 3.67
2 F-P 215 73.3 30.5 1.50 3.39
3 F-G 210 722 30.4 1.31 3.73
4 F-G 206 71.5 30.1 1.36 3.54
5 L-P 203 73.3 30.2 1.18 4.07
6 L-P 202 72.9 30.3 1.17 429
7 L-G 201 72.7 30.6 1.19 4.11
8 L-G 200 74.0 30.4 1.26 4.10

Av. F-P 214 73.2 30.4 1.43 3.53
Av. F-G 208 71.9 30.3 1.33 3.64
Av. L-P 203 73.1 30.3 1.17 4.18
Av. L-G 201 73.4 30.5 1.22 4.11

a F = full-fed, L = limited-fed, P = pelleted ration, G = ground ration.

experiments (Tables 2 and 4); differ-
ences in growth rate between full-fed
and limited-fed pigs are statistically
significant. In Experiment 1, restric-
tion of feed to 5 pounds per pig per
day increased time to reach market
weight by 24 days on the pelleted ra-
tion and by 22 days on the meal ra-
tion. In Experiment 2, restriction to
90%, 80%, and 70% of full feed in-
creased time to market weight from
120 pounds by 7, 13, and 22 days, re-
spectively, on pelleted rations and by
4, 12, and 24 days, respectively, on
meal rations.

Feed required per pound of gain
does not show a consistent trend of
improvement with restriction of daily
feed intake in either experiment.

Backfat thickness was reduced in
both experiments by all degrees of lim-
ited feeding. Loin-eye area was sig-
nificantly increased by limited feeding
in Experiment 1 but showed significant
increase only at the 70% of full feed
level on the pelleted ration in Experi-
ment 2. Carcass length was not affected
by limited feeding in Experiment 1
and was not consistently different from

group to group in Experiment 2.
Both experiments are consistent in

showing an advantage in feed efficiency
for pelleted rations over meal rations
in limited feeding programs. In Ex-
periment 1, the advantage is 19 pounds
of feed for each 100 pounds of gain ;
in Experiment 2, the advantage is 17
pounds for the three pens that were
mist-spray cooled and 8 pounds for
the one pen without cooling. These
differences in feed efficiency cannot be
attributed to differences in daily feed
intake as is frequently assumed to be
the cause in experiments with ad lib.
feeding of pelleted and meal rations.
Neither can differences in wastage be
assumed to be the cause with limited-
fed rations. A satisfactory explanation
is not afforded by the present experi-
ments. Meade (Minn. Nutr. Conf.,
1963) has pointed out the need for
more information on the forms of ra-
tions in limited feeding programs.

From a comparison of the relative
growth rates of small vs. large pigs as
shown in Tables 6 and 7, it is apparent
that the smaller pigs in the pen, within
the limits of	 'resent experiments,
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Table 4. Growth rate, daily feed intake and feed efficiency of market hogs fed
various daily amounts of pelleted or ground barley rations

Feeding
Pen	 programa

Av. daily
feed intake

Av. daily
gain

Feed/lb.
gain

Days to
200 lbs.'

lbs. lbs. lbs.

7	 F-P-C 6.5 1.74 3.79 46
9	 90% - P-C 5.3 1.51 3.56 53

11	 80% - P-C 4.8 1.36 3.57 59
6	 70% - P-C 4.0 1.18 3.40 68

Av. all pelleted 5.2 1.45 3.58 55

8	 F - G - C 5.6 1.58 3.59 51
10	 90% - G- C 5.3 1.46 3.63 55

5	 80% - G- C 4.6 1.27 3.64 63
12	 70% - G- C 4.0 1.06 3.77 75

Av. all ground 4.9 1.34 3.66 60

1	 F- P- NC 5.9 1.64 3.60 49
3	 90% - P - NC 5.2 1.51 3.49 53
2	 F - G - NC 5.6 1.45 3.92 55
4	 90% - G - NC 5.1 1.44 3.57 56

Av. for P - NC 5.8 1.55 3.53 52

Av. for G - NC 52 1.48 3.76 54

a F = full feeding; P = pelleted ration; C = mist-spray cooled; NC = not cooled.
1, From an initial weight of 120 lbs.

Table 5.	 Carcass traits of market hogs fed various daily amounts of pelleted or
ground barley rations

Feeding
Pen	 program

Live
weight

Dressing
percent'

Carcass
length

Backfat
thickness

Loin-eye
area

lbs. inches inches sq. inches

7	 F-P-C 205 72.5	 . 30.1 1.40 3.87
9	 90%-P-C 206 71.7 30.8 1.20 4.07

11	 80%-P -C 205 71.7 30.8 1.23 3.97
6	 70%-P-C 200 72.8 31.2 1.19 4.65

8	 F-G-C 208 72.4 30.5 126 4.20
10	 90%-G-C 204 70.8 31.4 1.22 3.86

5	 80%-G-C 204 71.4 31.2 1.18 4.16
12	 Only three carcasses available-data not included.

1	 F-P-NC 205 71.6 31.1 1.32 3.87
3	 90%-P -NC 206 70.5 30.9 1.32 4.06
2	 F-G-NC 202 73.4 30.8 1.29 3.91
4	 90%-G-NC 205 71.1 30.7 1.20 4.06

Av. all full fed 205 72.5 30.6 1.32 3.96
Av. all 90%-fed 205 71.0 31.0 1.24 4.01
Av. all 80%-fed 204 71.5 31.0 1.20 3.94
Av. all 70%-f ed 202 72.0 31.0 1.19 4.65

Based on non-shrunk off test weights.

are not at a competitive disadvantage currently as long as feed is available.
on limited feeding if sufficient space is Thus, no special sorting of pigs is re-
available for all anjulals to eat con-  quired for limited feedinE_ - _ 	

20	 7able 5-Lioe 8. 7. 07, G-C
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Av. daily	 Form of
feed	 ration

Average initial wt.

Small
	

Large

Average daily gain

Small	 Large

Table 6. Comparative growth rates of small and large pigs within pens on limited
feeding

Av. daily	 Form of
	 Average initial wt.	 Average daily gain

feed	 ration
	

Small
	

Large
	

Small	 Large

lbs.
5.0
5.0
5.3
4.8
4.0
5.3
4.6
4.0
5.2
5:1

Pelleted
Meal
Pelleted
Pelleted
Pelleted
Meal
Meal
Meal
Pelleted
Meal

lbs.
95

102
97

103
96

103
94
99

101
91

lbs.
120
132
134
139
137
136
130
140
146
126

lbs.
1.24
1.15
1.39
1.44
1.16
1.50
1.20
1.16
1.52
1.40

lbs.
1.20
1.10
1.64
1.29
1.20
1.42
1.33
0.96
1.50
1.49

Average	 98
	

134	 1.32	 1.31

Table 7. Comparative growth rates of small and large pigs within pens on full
feeding

lbs.	 lbs.	 lbs.	 lbs.	 lbs.
7.0
	

Pelleted
	

101
	

125
	

1.73
	

1.80
9.1
	

Meal
	

102
	

127
	

1.83
	

1.43
6.5
	

Pelleted
	

102
	

140
	

1.74
	

1.69
5.9
	

Pelleted
	

98
	

138
	

1.70
	

1.57
5.6
	

Meal
	

100
	

136
	

1.54
	

1.63
5.6
	

Meal
	

91
	

127
	

1.43
	

1.47
Average	 99

	
132	 1.66	 1.60

As was noted in the opening state-
ment of this paper, the producer's in-
terest in limited feeding is based in
part on the expected improvement in
carcass merit and the possible improve-
ment in feed efficiency. The two ex-
periments reported herein show a con-
sistent improvement in carcass merit,
insofar as decrease in backfat thick-
ness is concerned. Improvement in
loin-eye area appears to occur in some
groups. No consistent improvement in
feed efficiency occurred. Time to reach
market weight increased in proportion
to the degree of feed restriction prac-
ticed.

The backfat thickness of full-fed
hogs in these experiments, and as
shown in swine testing stations in
Oregon, was relatively low. Therefore,
it is doubtful that enough increased
price advantage can be obtained from
carcass improvement in limited-fed
hogs in Oregon to offset increased pro-
duction costs arising from increased
time on feed, assuming that the genetic
quality of the hogs raised is similar to
that of those used in these experiments
and the ration is formulated with Ore-
gon grown barley as the major grain
component.
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Observations on Wastage of Swine Feeds

D. R. GILL

One of the causes of economic loss
in swine feeding as in the feeding of
other domestic animals is wastage of
feed. In the course of studies at this
Station on the improvement of barley
utilization by swine, it was observed
that wastage varied considerably and
an investigation of the causes was ini-
tiated. Aside from the very real prac-
tical advantage that would result from
reduced feed wastage, there is inter-
est in elimination of waste from an ex-
perimental point of view. Feed intake
and conversion data gathered under
experimental conditions may become
practically valueless if they are con-
fused by wastage losses.

Possible causes of feed waste

There are a number of possible
causes of feed wastage by pigs. Ration
ingredients may in some cases be un-
palatable, and the animal may sort out
and root the less appetizing ones
from the feeder. Blowing of meals or
fines from the feeder by winds is a
frequent source of some wastage. Some
feeders are conducive to feed waste
since pigs can easily root feed out of
them. Others cause waste because for
some reason the pigs pull their heads
out of the feeder to chew or swallow
the feed. Methods of feeding may be
implicated, and, in particular, the per-
formance on dry as compared to slop
feeds is of interest.

D. R. GILL is Graduate Assistant in
Animal Science, Oregon State Univer-
sity.

Effect of feed preparation on wastage

A recent experiment involving pigs
fed dry and soaked barley rations af-
forded an opportunity to study the ef-
fects of these preparation methods on
feed wastage. In this trial, pigs were
fed individually in concrete-floored
pens which were cleaned daily. Twenty-
four hours after feeding, all feed on
the floor of the pen was collected and
weighed. In all, 45 animals were on
test, and 10 waste-feed collections
were made for each animal during the
course of the experiment. The collected
feed was dried to convert it back to a
moisture-free equivalent, and compari-
sons of wastage are shown in Table 1.

These figures suggest immediately
that the economic impact of feed wast-
age upon efficient pork production may
be considerable. These animals were
fed indoors which minimized the pos-
sible losses of feed from wind and
blowing; however, it is interesting to
note that feed wastage was lower on
the dry meal ration than on any of the
wet treatments. Possibly the increased
volume of soaked feeds contributed to
their higher wastage. The larger vol-
ume necessitated that the feeders be
more completely filled and this resulted
in greater spillage. It was observed, in-
cidentally, that the less efficient appear-
ing pigs were the greater wasters of
feed.

Following this preliminary experi-
ment, a second trial was designed to ob-
tain more complete data on feed wast-
age. In this experiment, the feeders
were raised 4 inches above the floor
of the pens and expanded metal screens
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Table 1. Rate of feed wastage as affected by different forms of the same ration

Ration treatment
	

Feed wastage

Dry barley 	
Soaked ground barley ± concentrate 	
Whole soaked barley ± concentrate 	
Aerated, whole soaked barley + concentrate 	
Aerated, enzyme treated whole soaked barley +

Table 2. The effect of ration form and frequency of feeding upon feed waste.

Lot
no. Ration description

Times
fed daily Feeder type Waste

1 Ground barley ration 1 Trough 24.94
2 Soaked ground barley ration 1 Trough 1024
3 Ground barley ration 2 Trough 10.11
4 Soaked ground barley ration 2 Trough 9.28
5 Pelleted barley ration ad-lib. Self 3.08
6 Ground barley ration ad-lib. Self 3.94

7.85
11.11
14.71
14.10

concentrate 	 	 14.00

placed under and around them so as to
form a chamber into which waste feed
could be collected. Six pigs were as-
signed to each of six ration treatments
as shown in Table 2. The feeders used
for lots 1 through 4 were troughs
measuring 46 inches in length, 14
inches in width, and 71 inches in depth.
A 2 x 4-inch bar was nailed over the
center of the feeder to prevent the
pigs from getting into the feeder. Two-
hole self-feeders were used for feeding
lots 5 and 6. Two variables were stud-
ied: the differences in ration prepara-
tion and differences in number of
times of daily feeding. Results of this
experiment are presented in Table 2.

Feeding a barley ration as a dry
meal once daily resulted in an exces-
sive amount of wastage (24.9%). It
is interesting that in this experiment
the presentation of the same mix in
wet form reduced feed wastage consid-
erably. A similar reduction in wastage
could be brought about by increasing
the number of feeding times per day.

Provision of self-feeders, which al-
lowed the pigs to come and go at lei-
sure during the day, reduced wastage
to only 4%. However, pigs fed at the
trough were essentially self-fed since
they were fed slightly more than they
could clean up by the next feeding pe-
riod. Pigs wasted considerably more
feed when fed from troughs. Rooting
out of feed was a factor, but observa-
tion showed that some pigs raised
their heads out of the feeders during
which time considerable feed fell from
their mouths as they chewed. Pigs
using the self-feeders had to reach
back into the feed chamber of the
feeder, and since they had to open the
weather cover of the feeder they did
not pull back from the feeder to chew
or swallow the feed. After once open-
ing the cover, animals eating from
these self-feeders rarely, if ever, al-
lowed the lid to close before leaving
the feeder. It is believed that this was
primarily responsible for the marked
reduction of feed waste where self-
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feeders were used, since this behavior
did not allow either rooted or dropped
feed to fall elsewhere but in the feeder.
Twice daily feeding in troughs reduced
feed waste by lowering the feed level
in the feeder with consequent reduc-
tion in amount of feed rooted or
spilled out.

Behavioral studies in swine feeding
The fact that significant differences

in wastage could be effected by chang-
ing the number of feeding times, to-
gether with the observation that indi-
vidual pigs varied considerably in their
response to different treatments, sug-
gested that study of pigs' eating be-
havior might be useful.

It was decided to study behavior of
pigs fed the same ration mixture in
pelleted and in meal form. The inves-
tigation was carried out by use of the
"electric eye" principle. A photocell
was placed opposite a shielded light
source on one side of a feeder and con-
nected to an electric clock which ran
whenever a pig placed its head in the
feeder to eat.

Two photo electric relays were ob-
tained, and eight pigs averaging 50
pounds were placed in individual pens
and fed from self-feeders. Four pigs
were fed a ground barley ration and
four were fed the same ration in the
pelleted form. Time spent feeding was
recorded in two consecutive 24-hour
periods for each pig. Following com-
pletion of an initial series of record-
ings, the feed treatments were re-
versed and a second series of record-
ings was made.

These electronic measurements re-
vealed a very clear-cut difference in
the feeding habits of the animals. Pigs
fed pellets spent 7.34% of their day
consuming feed, while those fed the
same ration in meal spent 16.74% of

the day eating. During the experiment,
in no case did a pig fed pellets use
more than 127 minutes feeding, while
the least time one of the meal-fed pigs
spent in eating was 180 minutes. Av-
erage daily feed intake was 4.76 pounds
for pigs eating meal rations and 5.04
pounds for pigs consuming pellets.
Data from this experiment are in-
cluded in Table 3.

Table 3. Electronic measurement of
feeding time of pigs fed meal or pellets

Feeding time in minutes

Pig No. Pellets Meal

1 116 197
2 92 219
3 111 220
4 110 205
5 116 319
6 97 268
7 98 228
8 102 265

Close observation and a photographic
study showed that pigs fed meal did
an appreciable amount of sorting of
the feed mix. Material collected on the
floor close to the feeders showed a
much higher concentration of barley
hull than was present in the original
feed mixture. Chemical analysis
showed that the feed material collected
on the floor contained 2.5 times as
much crude fiber as the original ration.

SUMMARY
Studies of feed wastage revealed

losses of considerable economic sig-
nificance. Comparisons of wastage fig-
ures under varying conditions of feed
preparation, time of feeding, and
feeder construction showed consider-
able differences which may be ex-
ploited in future swine-feeding prac-
tices.
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Preweaning Growth Rates and Hemoglobin Values
of Pigs Given One or Two Iron Injections

DAVID C. ENGLAND, PAUL E. DAY, and ROY E. FANCHER

ry

The development of iron deficiency
anemia in suckling pigs and methods
of iron supplementation to prevent
such anemia have been well reviewed
by Oldfield (Feed Age, 12 (10) : 30-33,
Oct. 1962) and others. It is sufficient
here to state that use of injected iron
in the form of iron-dextran or iron-
dextrin has become a prominent
method of preventing anemia in suck-
ling pigs.

Scouring is one symptom of anemia
or borderline iron deficiency in pigs.
Because of the onset at about three
weeks of age of sporadic and some-
times persistent scouring in individual
pigs within litters (England and Chap-
man, Ore. Ag. Expt. Sta. Spec. Rept.
137), experiments were conducted with
spring-farrowed pigs in 1964 to de-
termine whether uniformly adequate
hemoglobin values were achieved with
a single injection of 100 mg. elemental
iron as iron dextrin at 2 days of age or
if a second injection at 14 days of age
was required.

Twenty-five pairs of pigs of the
same sex and of similar birth weights
for each of the two members of each
pair were allotted to the experiment.
Injections were made in the ham ; rou-
tine care was taken to prevent or mini-

DAVID C. ENGLAND is Associate Pro-
fessor of Animal Science, Oregon
State University; PAUL E. DAY is a
senior student of Animal Science, Ore-
gon State University; and ROY E.
FANCHER is Agricultural Technician,
Department of Animal Science, Ore-
gon State University.

mize loss of the injected material
through "run back" at the site of in-
jection. Weights were obtained weekly
through 28 days of age and again at
56 days of age. A blood sample from
the ear of each pig was obtained for
hemoglobin determination at 21 days
and at 28 days of age. Hemoglobin
determination was made with a Fisher
Hemophotometer. Averages of data for
each group are shown in Table 1.

By design, average birth weights
were equal in the two groups. No dif-
ferences existed in treatment before 14
days of age. Statistical analysis re-
vealed no significant differences in
weights at 21 or 28 days of age, but
the, pigs receiving the two injections
were significantly heavier (P < .05)
at 56 days of age than were the pigs
receiving only one injection. Hemo-
globin values were significantly higher
(P < .01) at both 21 and 28 days for
the group receiving two injections.

Illinois researchers (Harmon, et al.,
Ill. Swine Growers Day Report, March
1964) report that optimum growth of
suckling pigs in their experiments was
maintained at hemoglobin levels of
8.15 gm. percent. Table 2 shows the
number of pigs in each treatment
group in the present study with hemo-
globin values equal to or above 8.15
gm. % at 21 and 28 days of age and
the average weights of these pigs at 21,
28, and 56 days of age.

The data in Table 2 show a similar
number of pigs at 21 days of age in
the two treatment groups with hemo-
globin values below the level found to
maintain maximum weight gains in
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lbs.	 lbs.	 lbs.	 lbs.	 lbs.	 gm.%	 gm.%

8.04	 7.64
9.02	 8.48

2 days 3.14 9.0 12.9 16.4 31.5

2 and 14 days 3.13 9.5 13.2 17.2 36.1

Table 1. Average weights and hemoglobin (Hb) values at various ages for suck-
ling pigs injected with iron-dextrin at two days only or at two and 14 days of age

Injection
	

Birth
	

14-day 21-day 28-day	 56-day	 Hb	 Hb

group	 wt.	 wt.	 wt.	 wt.	 wt.	 21-days 28-days

Table 2. Average weights and hemoglobin (Hb) values for pigs below (<) and
above (>) 8.15 gm. % Hb at 21 and 28 days of age

No.	 Hb	 Wt.	 No.	 Hb	 Wt.	 Wt.

Group
	 pigs	 21-days 21-days	 pigs	 28-days 28-days 56-days

gm.%	 lbs.	 gm.%	 lbs.	 lbs.

2 days injected
<8.15 g.m. % Hb _. 9 7.16 13.3 14 6.88 16.5 29.8

>8.15 gm. % Hb _. 13 9.17 12.5 8 9.32 16.5 33.6

2 and 14 days injected
<8.15 gm. % Hb	 .. 9 7.16 14.5 9 6.94 18.3 37.6

>8.15 gm. % Hb	 .. 12 10.40 12.2 12 9.72 16.4 34.5

the Illinois report cited above. At 28
days of age, the number with hemo-
globin values below 8.15 gm. % had
increased by more than 50% in the
group injected only at 2 days of age,
whereas no increase in the number of
such pigs occurred in the group re-
ceiving iron injection at both 2 and 14
days of age. Average weights at 21
and 28 days show no pattern of weight
advantage for pigs with hemoglobin
values greater than 8.15 gm. % ;
weights at 56 days show three of the
four groups to have higher average
weights with increasing hemoglobin
values, but the fourth group (less than
8.15 gm. % in the group injected at 2
and 14 days of age) departs markedly
from the pattern and makes interpre-
tation of the relationships of weight
gains and hemoglobin values difficult.

Nevertheless, data in Tables 1 and 2
indicate an increase in 56-day weight
as a result of the two injections; differ-
ences shown in Table 1 are statistically
significant (P < .05).

The data in this experiment do not
provide an explanation for the varia-
tion in hemoglobin values for differ-
ent pigs injected with the same amount
of iron. A variable amount of loss of
the injected material through "run-
back" at the injection site is one feas-
ible explanation. It may well be also
that the ability to form hemoglobin
varies considerably from pig to pig.

Information on occurrence of scour-
ing by individual pigs was obtained on
only a few animals because of an ap-
parent lack of any association between
hemoglobin values and occurrence of
scours in this experimental group.
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Influence of Birth Weight on Preweaning Growth
Rate of Suckling and Early-Weaned Pigs

J. L. KEELER and D. C. ENGLAND

It is generally recognized by swine
producers and experimentally con-
firmed by many research workers that
pigs of low birth weight are smaller at
standard weaning ages than are their
littermates of heavier birth weight, and
that the smaller pigs at birth are slower
to reach market weight (Winters, et
al., J. Animal Sci., 6:228; Blunn, et al.,
J. Animal Sci., 13:383 ; Forshaw, et al.,
J. Animal Sci., 12:263 ; Godley and
Godbey, So. Carolina Ag. Expt. Sta.
Tech. Bull. 1012; Whatley, J. Ag.
Res., 65:249; and others). This rela-
tionship and the usually low survival
percentage of pigs that are small at
birth have led to a generally unfavor-
able opinion of the innate performance
ability of pigs of low birth weight. Re-
cent research in Great Britain and at
the Oregon Agricultural Experiment
Station has shown that the lighter pigs
within litters at standard weaning age
gain as rapidly and use their feed as
efficiently from 60 pounds to 200
pounds as do their heavier littermates.
Initial size itself rather than innate
ability thus appears to be responsible
for a major portion of the differences
in average rate of postweaning growth
of pigs of different size within litters.
(Boaz and Elsley, Animal Prod., 4:13;
England and Chapman, Proc. West.
Sec. Am. Soc. An. Sci., 13:LVIII;
Chapman and England, Proc. West.

J. L. KEELER is Research Assistant
in Animal Science, Oregon State Uni-
versity; and D. C. ENGLAND is Asso-
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Oregon State University.

Sec. Am. Soc. An. Sci., 14: VI ; Eng-
land and Rose, Oregon Ag. Expt. Sta.
Spec. Rept. 160).

To determine whether smaller ini-
tial size as such has an influence on av-
erage preweaning growth rate of suck-
ling pigs of different birth weights
once the smaller ones have reached a
weight as high as the birth weight of
the heavier pigs, three groups of 37
pigs each were weighed weekly from
birth to 6 weeks of age and again at
weaning at 56 days of age. The light
birth-weight group averaged 1.9 pounds
at birth and contained no pigs weighing
more than 2.0 pounds. The medium
birth weight group averaged 2.7 pounds
at birth and was composed of pigs that
weighed from 2.6 to 2.9 pounds at
birth. The heavy birth-weight group
averaged 3.7 pounds at birth and con-
tained no pigs of less than 3.5 pounds
at birth. The light, medium, and heavy
pigs of each group of three were
either from the same litter or were of
the same breeding and from litters
of the same number of pigs. Analysis
indicated that there was no statistically
significant effect of litter background
on growth pattern of the different
trios of pigs. All pigs were injected at
2 days and 14 days of age with 1 cc. of
an iron-dextrin compound containing
100 mg. elemental iron per cc.

The following measures of growth
were made : (1) weight at 56 days;
(2) average daily gain from birth to
25 pounds; (3) average daily gain
from 4 to 15 pounds; and (4) average
daily gain from 10 to 25 pounds. These
data are shown in Table 1.

27



0.37
0.39
0.42

0.42
0.44
0.47

0.45
0.46
0.47

0.50
0.49
0.48

Light 	
Medium
Heavy

1.9 26.8
2.7 29.2
3.7 33.5

Table 1. Average daily gains during preweaning by pigs of light, medium and
heavy birth weight groups

Birth	 56 day	 ADG	 ADG
	

ADG	 ADG
Group	 weight	 weight	 Birth-25 lbs.	 4-15 lbs.	 10-25 lbs.	 4-25 lbs.

lbs.	 lbs.	 lbs. lbs.	 lbs.	 lbs.

Table 2. Means of average daily gain, milk consumption and feed efficiency of
two birth weight groups of pigs raised under a laboratory environment

Birth weight group	 Moderate	 Light

Birth weight 	
	

2.74 	1.63
Average daily gain (lbs.) 	

	
0.68 	0.66

Milk consumption (quarts/day) 	
	

2.78 	2.69
Feed efficiency (quarts/lb. gain) 	

	
4.09 	4.08

Analysis showed statistically signifi-
cant differences in (1) average daily
gains from 4 to 15 pounds between the
light birth-weight group and the heavy
birth-weight group, (2) average daily
gain from birth to 25 pounds between
the light and heavy birth-weight groups,
and (3) 56-day weight of the light and
heavy birth-weight groups. None of
the other differences in average daily
gain were statistically significant. These
findings indicate that when they have
reached 4 pounds weight, pigs weigh-
ing 2 pounds or less at birth are still
handicapped in their ability to grow
when compared on a size-constant
basis with their littermates that
weighed 3.5 pounds or more at birth.
This growth handicap is of great
enough magnitude to adversely influ-
ence the average rate of growth be-
tween the weights of 4 and 15 pounds,
but it is overcome sufficiently with
added size to have a nonsignificant ef-
fect on average growth rate from a
weight of 10 pounds to 25 pounds or
even from a weight of 4 pounds to 25
pounds. Under the conditions of this

experiment, low birth weight is a
growth handicap until the pig reaches
a weight beyond 4 pounds, but ceases
to be a handicap by the time the pig
reaches 10 pounds weight.

When average daily gains from 4
pounds to 25 pounds for the three
birth-weight groups is compared with
the average daily gains from birth to
25 pounds for the three groups, it is
evident that differences in gains from
birth to weaning between pigs of light
and heavy birth weights are due largely
to the fact that small pigs are being
compared with relatively much larger
pigs. When the difference in size is
removed by comparing them on a
weight-constant basis, differences in
average daily gains become nonsignifi-
cant.

To determine whether very young
pigs of different birth weights have the
appetite and ability to consume the
same amounts of milk and to use their
feed with similar efficiency when they
are of the same size, 13 pairs of pigs
were removed from their dams at an
average weight of 8.5 pounds each.
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One group had an average birth weight
of 2.74 pounds and the other 1.63
pounds. Each pig was housed individ-
ually in a wire-mesh cage and full-
fed measured amounts of sow milk re-
placer for 17 days. Performance data
are shown in Table 2.

No significant differences were found
between the two groups for average
daily f,eed intake, average daily gains,
or efficiency of feed utilization. These
data indicate that no innate differences
exist between pigs of different birth
weights in their appetite or capacity
for feed intake, or their ability to
utilize feed efficiently when they are of
the same body weights.

Taken together, the two experiments
indicate that size per se rather than
innate ability is primarily responsible
for differences in preweaning perform-
ance levels by pigs of different birth
weights. These findings suggest the
need for development of husbandry

techniques adapted to the needs of the
smaller pigs in the litter, and refute
the once prevalent opinion that "once
a runt always a runt" with consequent
poor growth and feed efficiency. These
findings are of special importance in
view of development at this Station of
husbandry techniques that permit the
rearing of more than 90% of the low
birth-weight pigs (England and Chap-
man, Ore. Ag. Expt. Sta. Spec. Rept.
137; England and Rose, Ore. Ag.
Expt. Sta. Spec. Rept. 160). The pres-
ent study indicates that pigs of low
birth weight have innate ability for
performance similar to that of their
heavier littermates and that this ability
is expressed to a similar degree after
the pigs of light birth weight recover
from the initial effects of adverse en-
vironmental conditions to which they
are more susceptible simply because of
their light birth weight.
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Factors Affecting the Profitability of Oregon Pork Production*
EMERY N. CASTLE

In an effort to improve the income
situation of Oregon farmers, some in-
dividuals are looking toward increased
production of meat animals. In the
past 20 years, feed-grain production
has approximately doubled in this
state. At the same time that this in-
crease in feed grain production has
been taking place, rapid growth of
population in the West has occurred.
Demand for meat created by increased
population has outstripped production
of meat animals in the West because
high-grade, slaughter-livestock produc-
tion has not moved extensively into
western feed-grain producing areas.

Thus, increased feed-grain produc-
tion, together with rapidly increasing
population, indicates that the Pacific
Northwest may be an area of consid-
erable potential in the development of
slaughter livestock. Livestock may rep-
resent a method by which grain can be
marketed with an economic advantage
and a means by which farm resources
can be more efficiently employed.

The rapidity with which hog pro-
duction can be increased, the relatively
low investment required to undertake
the enterprise, and the variety of con-
ditions under which hogs can be pro-
duced suggest that this enterprise may
be a profitable livestock alternative for
western farmers. At the present time
the corn-belt region is the only major

* This paper is a condensation of Oregon
Agricultural Experiment Station Technical
Bulletin 76 entitled An Analysis of the Com-
petitive Position of Oregon Pork Producers
by Virgil Norton and Emery Castle.

EMERY N. CASTLE is Professor of
Agricultural Economics, Oregon State
University.

surplus pork-producing area in the
United States. The fact that the Corn
Belt is located a great distance from
the Pacific coast states, along with the
feed and population situation, seems
to indicate that Oregon is in an ex-
cellent location for increasing pork
production. Not only does California
represent a potential market for Ore-
gon-produced pork, but it would take
approximately twice the present pork
production in Oregon to simply fill the
present Oregon pork deficit.

Trends in Oregon hog production

Hog numbers in Oregon have fluc-
tuated greatly over the past 30 years,
reaching a peak of 360,000 hogs in
1944. The low came only 10 years
later, when hog numbers dropped to
less than 100,000 hogs. At present,
hog numbers are considerably below
the past 30-year average.

Not only has income from hogs de-
clined in absolute terms, but it has
also declined relative to total income
from livestock in Oregon. In 1940,
hogs accounted for about 8% of total
income from livestock. Since that time,
however, this has been cut approxi-
mately by one-half. During the past 20
years, only three counties had an in-
crease in hog numbers : Clackamas in-
creased from 19,200 to 19,500; Marion
from 25,000 to 25,500 head; and Jose-
phine from 3,100 to 3,700 head. On
the other hand, certain eastern counties
such as Wallowa and Malheur have
experienced considerable decreases.

Consumption analysis

In an attempt to discover the im-
portant factors affecting the consump-
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tion of pork, an extensive statistical
analysis was undertaken.

The following factors were found to
be important : (1) Retail price of pork,
(2) retail price of beef, (3) retail
price of chicken, and (4) per capita
income.

It was not surprising to find that
pork price is an important factor in
determining pork consumption. Also
important, however, are prices of com-
peting meats—beef and chicken. If the
price of either or both of these com-
modities declines relative to the price
of pork, pork consumption also de-
clines. Finally it is worth noting that
there is some evidence that pork con-
sumption tends to decline as income
increases. Future developments in this
connection will be of considerable im-
portance to hog producers.

Production response

Hog production in Oregon was
found. to be most influenced by the fol-
lowing factors : (1) Cattle prices rela-
tive to hog prices, (2) barley prices
relative to hog prices, and (3) hog-
corn price ratio.

As the price of beef goes up rela-
tive to the price of hogs, some re-
sources tend to move from the produc-
tion of hogs to the production of beef.
It is not surprising that the price of
barley is important in the production
of hogs in Oregon. There was a posi-
tive relationship between the national
hog-corn price ratio and Oregon hog
production. This suggests that the
profitability of Oregon hog production
tends to be associated with the profita-
bility of hog production nationally.

Transportation problem analysis

The primary purpose of using the
transportation model was to determine
which states would tend to offer the
greatest degree of , competition with

Oregon hog producers. Hence, it was
necessary to analyze a number of dif
ferent assumed situations. Each situa-
tion will be discussed in detail.

The initial step was to divide the
United States into various regions.1
Vermont, Maine, New Hampshire,
Massachusetts, Rhode Island, and Con-
necticut were combined for one region ;
and New Jersey, Delaware, and Mary-
land made up another. All other states
were considered individually. Thus, the
analysis was based on 41 separate re-
gions.

This method requires that a single
shipping or receiving point be selected
for each region. Cities representing
these points were selected so as to be
centrally located with respect to popu-
lation concentration in each area. It is
recognized that the selected cities do
not necessarily reflect points of great-
est volume shipping. However, it was
deemed more important to select points
centralized with respect to population
than it was to determine actual cities
from which the greatest volume was
shipped.

State pork-consumption predictions
for 1961 were compared with 1961
hog-production data from each state in
order to ascertain which regions were
surplus producers of pork and which
states were deficit. Eleven regions
were surplus and 30 were deficit. The
surplus states are contiguous and are
located in or around the Corn Belt.

Implications of this series of trans-
portation models are that the northwest
corn-belt states probably will be the
main future competitors with Oregon
in swine production. This is true
whether Oregon farmers are compet-
ing for the deficit market in Oregon
or for markets in other states. It is ob-

Only the continental United States was
included.
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vious that Oregon holds a freight-rate
advantage over these corn-belt states
for the Oregon deficit. This amounts to
about $2.25 per hundred pounds for
dressed pork and approximately $1.85
per hundred for live hogs. The basic
question that must be answered is
whether the midwestern states hold a
cost-of-production advantage large
enough to offset their freight-rate dis-
advantage.

Cost of production analysis
An attempt was made to compare

cost of production in Oregon with mid-
west costs. It was found that reliable
cost information is difficult or, in many
cases, impossible to obtain. However,
a study by Purdue University did shed
light on this question. 2 Results of the
Purdue study were compared with
data derived from the Oregon survey
described in the previous section. As-
suming that the Purdue study is rep-
resentative of the Midwest, the analy-
sis indicated that the average capital
requirements, labor inputs, and feed
inputs for hog production are slightly
higher in Oregon than in the Midwest
(Table 1). When the larger, more
efficient producers in Oregon were
compared with farmers in the Mid-
west, it was apparent that physical
input requirements of feed, labor, and
capital were almost identical.'

2 Ronald H. Bauman, et al., Economies of
Size and Economic Efficiency in the Hog
Enterprise, Ind. Agric. Exp. Sta. Res. Bull.
699, 1961.

The reader may wish to compare the in-
put requirements for Oregon and Indiana
with those reported from an earlier study in
Oregon. See Grant E. Blanch, Economics of
Hog Production in Oregon, Oreg. Agric.
Exp. Sta. Bull. 561, 1957. Although the
Blanch Study was conducted approximately a
decade earlier than the one being reported
on here and the method of analysis is some-
what different, there is considerable simi-
larity both in the data developed and in the
conclusions reached.

Although physical requirements are
similar, there is a significant variation
in feed costs per, unit of feed between
areas. These feed cost differentials
vary considerably from year to year.
The average difference and range in
differences for two periods between
Portland and certain midwestern points
are given in Table 2. These differen-
tials are expressed in terms of per ton
cost in corn-equivalent feeding value
for hog production.

Table 3 gives freight rates per hun-
dredweight on fresh dressed pork and
live hogs from certain midwest points
to Portland. Also listed are cost-of-
production differentials per hundred-
weight arising from the average feed-
cost differences during the years 1954-
1961.

These data show that, using 1954-
1961 average feed-cost differentials
(which are lower than 1946-1961 aver-
ages), Oregon would have been at a
disadvantage if dressed meat had been
shipped. Further, Oregon is at a dis-
advantage with Nebraska if Nebraska
ships either live hogs or dressed meat.
Even more important, in only two
years (1955 and 1956) during the 17-
year period (1945-1961) could Ore-
gon compete favorably with Nebraska.
That is, considering the feed-cost dif-
ferentials that existed during each year
and the present freight-rate structure.
Nebraska farmers could put pork into
Portland at less cost than Oregon
farmers in 15 of the last 17 years.

Data in Table 3 are made more sig-
nificant in view of the results of the
transportation analysis. Based on
freight rates, Minnesota and Nebraska
were shown to be major competitors
with Oregon. Historically, these same
two states have held feed-cost advan-
tages over Oregon.
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Table 1. Inputs per hundredweight of hogs produced in Oregon and Indiana, a by
different sized enterprises

Size of sow herd
Average
(all sizes)Input Under 10 10-19 20-39 40-59 60 or more

Indiana
Feed (pounds) b.. 426 417 406 392 396 408
Labor (hours) .. 1.3 1.1 .95 .75 .60 1.0
Capital ($) e 	 11.70 9.07 9.00 8.57 9.03 9.23

Oregon
Feed	 (pounds)b._ 437 439 414 426 434 430
Labor (hours) 1.63 1.00 1.03 .87 .67 1.0
Capital ($)e 	 12.23 10.57 9.80 9.53 9.10 9.93

a Source of Indiana data:
Economies of Size and Economic Efficiency in the Hog Enterprise, Purdue University Research Bulle-

tin No. 699, September 1961. Sample survey of hog producers in 12 Oregon counties.
b Corn equivalent.
c Excluding investments in feed, hogs, and land.

Table 2. Feed costs differentials between Portland and four midwest points (Per
ton in corn equivalent)

Kansas City	 Minneapolis	 Chicago	 Omaha

Average 1946-1953 	 	 10.66	 10.84	 13.58 13.47
Average 1954-1961 	 	 9.49	 10.18	 10.32 10.81

Range 1946-1953 	 	 7.32-14.30	 3.21-19.69	 8.08-20.19 8.08-20.19
Range 1954-1961 	 	 5.04-13.05	 6.37-13.74	 3.99-17.65 3.99-20.55

Highest three-year average	 1949-51	 1951-53	 1950-52 1950-52
Lowest three-year average ..	 1954-56	 1946-48	 1954-56 1954-56

Table 3. Freight rates for 1961 per hundredweight and per hundredweight cost of
production differential based upon 1954-1961 feed costs in Portland and

selected areas

Freight rate	 (live)	 	 	 $2.17 $2.21 $2.63	 $2.03
Cost-of-production differential (live) a 	 	 2.03 2.20 2.25	 2.33
Net Oregon advantage' 	 	 +.14 +.01 +.38	 -.30
Freight rate (dressed) 	 	 2.40 2.31 2.70	 2.31
Cost of production differential

(dressed) a	 	 	 3.56 3.85 3.95	 4.09
Net Oregon advantage' 	 	 -1.16 -1.54 -L25	 -1.78

a Production costs in Oregon minus production costs in each of the three midwest regions.
b Oregon freight rate advantage minus Oregon cost-of-production disadvantage.

Omaha

Policy implication
When the implications of the analy-

sis presented in this bulletin up to this
point are examined, the wisdom of
greatly increasing hog production in
Oregon must be questioned. That is,

care must be taken that long-run as
well as present or short-run consider-
ations are taken into account. If his
torical feed-grain cost relationships
continue into the future, Oregon farm-
ers must exercise superior management
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or realize some other efficiency to off-
set the historical disadvantage which
has existed.

Many suggestions have been made
concerning the improvements of the
competitive position of Oregon pro-
ducers. One proposal is that large
amounts of government surplus grain
be released in the Northwest. This
would supposedly bring the price of
feed grain in Oregon down to a point
where Oregon farmers could compete.
Another suggestion has been that the
government impose a two-price plan
for wheat in Oregon that would allow
wheat to compete with feed grain in
price. In order to compete with $45
barley, wheat would have to be in the
neighborhood of $1.50 per bushel.

Oregon's competitive position would
also improve if there should be a
marked improvement in the per acre
yield of feed grains in the Pacific
Northwest (wheat and/or barley) rel-
ative to feed-grain yields in competing
areas. Information is not presently
available to permit such a prediction,
although some believe it may be a
possibility.

SUMMARY AND CONCLUSIONS
Feed grain production in Oregon

has increased considerably during the
past decade. Likewise, during the same
period, increasing population has cre-
ated a growing market for virtually all
commodities, including pork. This has
resulted in a substantial deficit of pork
in this area and appears to represent a
large potential market for Oregon-
produced pork. Further, the geograph-
ical location of Oregon with respect
to the large deficit area in California
and the surplus states in the Midwest
seems to put Oregon in an advanta-
geous position for increased hog pro-
duction. The purpose of this study

was to examine the economic feasibil-
ity of increasing hog production in
Oregon.

The following conclusions were
reached on the basis of the analysis :

1. Production response of Oregon
swine producers is conditioned by
both hog-feed price relationships
and hog-cattle price relationships.

2. Pork consumption is a function of
the price of pork, beef, and chicken
and of the level of income.

3. Northwest corn-belt states are the
principal competitors for the Ore-
gon pork deficit.

4. Physical requirements for pork
production in Oregon are quite sim-
ilar to those in the Midwest. His-
torically, feed prices have been
higher in Oregon than in the com-
peting states of the Corn Belt. This
feed cost disadvantage has been
partially, but not completely, offset
by transportation costs on pork
from the Midwest to Oregon.

Few people are interested in the
past as such. What are the prospects
for a reversal of Oregon's historical
disadvantage in the future? To under-
stand this question it is necessary to
keep the following facts in mind:
1. Some Oregon producers have made

profits through much of the period
analyzed. Some are excellent mana-
gers, others had particular advan-
tages relating to the availability and
cost of feed, labor, or housing. Such
producers, undoubtedly, will fare
well in the future.

2. Feed costs, transportation rates, and
hog prices are such that currently
(1964) the average Oregon pro-
ducer has very little advantage or
disadvantage relative to the average
Minnesota producer in competing
for the Oregon deficit in pork con-
sumption.
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We must now judge whether the
situation is likely to become more or
less favorable to the Oregon producer.
In this connection, the following fac-
tors seem important :
1. Government policies and programs.
2. Per acre production of feed grains

in the Pacific Northwest and other
parts of the nation.

3. Transportation rates both on prod-
ucts coming into the Northwest and
on "back-hauls."
It appears unlikely that the above

factors will change in such a way as

to make the relative position of Ore-
gon producers worse in the future than
it has been during the past 17 years,
It also appears doubtful that the situa-
tion will change enough to make hog
production in Oregon highly profitable
to large numbers of producers. If Or-
egon is to expand hog production, it
must do so in the face of stiff competi-
tion. It is dangerous to assume that
competing areas will remain static in
their hog-production techniques and
erroneous to believe that they have
been static in this respect in the past.

Tylosin as an Antibiotic for Controlling Scours
in Older Suckling and Recently Weaned Pigs

DAVID C. ENGLAND and ROY E. FANCHER

A so-called late-developing type of
scouring has occurred with variable
frequency and severity in the Oregon
State University swine herd for sev-
eral farrowing seasons. Characteris-
tics, effects on growth, and response to
some therapeutics have been reported
previously (England and Chapman,
Ore. Ag. Expt. Sta. Spec. Rept. 137).
The present report is of a study made
to determine the effectiveness of tylo-
sin in preventing or reducing the per-
sistence and severity of such scouring.

Pigs used in these experiments were
maintained under routine production

DAVID C. ENGLAND is Associate Pro-

f essor of Animal Science, Oregon
State University; and ROY E. -FAN-
CHER is Agricultural Technician, De-
partment of Animal Science, Oregon
State University.

conditions normally followed in the
OSU swine herds except for the in-
clusion of tylosin as indicated in each
evaluation as described below.

Trial 1. The pigs in this trial were
weaned during the period of April 5
to 13 inclusive. Scouring occurred with
variable frequency and intensity, but
of generally increasing severity, as
assessed by visual appraisal, from a
few days before weaning until treat-
ment with sodium arsanilate from
April 13 to 17 inclusive for all pens
and through April 19 for pens receiv-
ing the control ration. An April 17, 6
of the 10 pens in this group were
switched from the regular pelleted ra-
tion to the same ration to which 100
gm. tylosin per ton had been added.
Presence of any scouring in the pens
was checked daily before pen cleaning
and recorded as shown in Table 1.

IL
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On April 28, pen 9 was allotted to
another experimental use. Table 2
shows the scouring record for the re-
mainder of the pens during the period
of April 4 to May 5 inclusive. During
this time, the pens on rations contain-
ing tylosin received no additional anti-
biotic, whereas those receiving the con-
trol ration received a single treatment
of Tylocine With Vitamins (Corvel
Laboratories) in the drinking water in
such concentration as to provide 250
mg. tylosin per gallon of water for
two to three days.

On May 5 the pens involved as
shown in Tables 1 and 2 were placed
on performance test rations that did

not contain tylosin and none was ad-
ministered through the water. These
pens remained free of scouring there-
after except for one pig in pen 4 that
scoured on May 15 and May 16. Tylo-
cine With Vitamins was added to the
water on May 16; no further scouring
occurred until May 25 after which this
pig was recorded as scouring daily
until a similar treatment was made on
May 30. Scouring ceased on May 31
and June 1 but reoccurred in very
mild degree until June 9.

Trial 2. Suckling pigs were used in
the beginning phase of Trial 2 and
were continued into the postweaning
period. Trial 2 was intended as a fur-

Table 1. Occurrence and severity of scouring by recently weaned pigs on each of
two rations

Pen	 Ration 4/20 4/21 4/22 4/23 4/24 4/25 4/26 4/27 4/28

1 Tylosin N.S.. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
2 Control Slight Slight Slight Slight Slight Slight Slight Slight Slight"
3 Tylosin N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
5 Control N.S. Slight Slight Slight Slight' Slight Slight Slight Slight"
6 Tylosin N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
8 Tylosin N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
9 Control Slight Slight Slight Mod. Mod. Slight N.S. N.S. N.S.

10 Control N.S. Slight Slight Slight Slight Slight Slight Mod. Mod.
11 Tylosin N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.
12 Tylosin N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S. N.S.

a N.S. indicates not scouring.
b On this date, pen was treated with Tylocine With Vitamins in drinking water to determine whether

a change in scouring pattern would occur. See Table 2 for results for pens 2, 5, and 10.

Table 2. Occurrence and severity of scouring by recently weaned pigs on each of
two rations

Pen Ration' 4/29 4/30 5/1 5/2 5/3 5/4 5/5

1 T N.S. N.S. N.S. N.S. N.S. Slight N.S.
2 C ± TV Slight N.S. N.S. N.S. N.S. N.S. N.S.
3 T N.S. N.S. Slight Slight N.S. N.S. N.S.
5 C + TV Slight N.S. N.S. N.S. N.S. N.S. N.S.
6 T N.S. N.S. N.S. N.S. N.S. N.S. N.S.
8 T N.S. N.S. N.S. N.S. N.S. N.S. N.S.

10 C d- TV N.S. N.S. N.S. N.S. N.S. N.S. N.S.
11 T N.S. N.S. N.S. N.S. N.S. N.S. N.S.
12 T N.S. N.S. N.S. N.S. Slight Slight N.S.

a T = Tylosin, in ration at 100 gm./ton; C + TV	 Control ration and Tylocine With Vitamins (see
text) in drinking water to provide 250 mg. tylosin/gallon of water for two to three days.
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ther test of the efficacy of Tylocine
With Vitamins in drinking water as a
means of stopping scours after their
occurrence. Scouring was permitted to
become established for varying peri-
ods of time before treatment. Treat-
ment consisted of adding Tylocine
With Vitamins to the water barrels
every third day to provide 250 mg.
tylosin per gallon of water until con-
trol was achieved. Results are shown
in Table 3.

Trial 3. Trial 3 was conducted to
determine whether a ration containing
67 gm. tylosin per ton would prevent
development of scouring during the
first week after weaning. Four newly

weaned litters were fed a control ra-
tion and four were fed the same ration
except that 67 gms. tylosin per ton
was added. Table 4 shows the results.

The above trials are admittedly lack-
ing in the precision and completeness
desired in experimental work. The
character of the trials was dictated by
the practical necessities of maintaining
a routine compatible with other pro-
duction and experimental requirements.
Even so, the results are consistent
enough to warrant interpretation.

In Trial 1, the effective control of
scouring by the inclusion of tylosin in
the ration at 100 gm. per ton of feed is
evident (Table 1). Likewise in Table

Table 3. Days required to achieve control of scouring and days to reoccurrence,
after treatment with Tylocine With Vitamins in drinking water, for suckling and

weaned pigs

Pen

Degree of
scouring

when treated

Days
scouring
before
treated

Days to
improvement

after
treatment

Days to
complete
control

Days to
reoccurrence
of scouring

10 Moderate 7 1 1 no reoccurrence
7 Slight 3 1 1 19

15 Slight 3 1 2 20
20 Severe 3 2 7 7
21 Moderate 3 2 7 no reoccurrence
22 Moderate 3 3 5 21
18 Moderate 3 1 3 no reoccurrence
17 Moderate 3 2 2 no reoccurrence
20 Moderate 4 2 3 no reoccurrence

4 Moderate 2 1 1 7
4 Moderate 4 1 1 3

Table 4. Frequency and severity of scouring by newly weaned pigs with and
without tylosin in the ration

Ration	 Total
pen days 

Total days scouring"

Slight Moderate	 Severe

Control 	 	 28
	

6
	

8
	

5
Tylosin at 67 mg./ton 	 	 28

	
11
	 1

a Any scouring in pen. No record was kept of number of pigs scouring in each pen except for one pen
on ration containing tylosin (see text below).
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2, the efficacy of Tylocine With Vita-
mins in the drinking water at 250 mg.
tylosin per gallon is evident.

In Trial 2, the pigs were younger
and the results less dramatic but such
as can be considered effective control
(Table 3).

In Trial 3 (Table 4) both the inci-
dence and severity of scouring appear
to have been reduced by inclusion of
67 gm. tylosin per ton of ration. (It
should be noted that manufacturer's
recommendations are for 100 gm. ty-
losin per ton of ration for pigs of this

age and size.) On the ration contain-
ing tylosin, 5 of the 11 cases of slight
scouring and all of the moderate and
severe scouring were due to an indi-
vidual pig in one of the pens. This pig
appeared to eat little and responded
readily to treatment with tylosin in the
form of Tylocine With Vitamins after
Trial 3 was concluded.

No growth or feed efficiency data
were collected as a part of the above
trials. Such information will be ob-
tained in additional experiments to be
conducted with fall 1964 litters.

Development of Replacement Stock and the
Feeding of the Brood Sow

R. J. MEADE

Feed costs represent approximately
70% of the cost of maintaining the
breeding herd which represents about
30% of the total costs in the swine
operation. The importance of sound
feeding and management programs be-
comes obvious if it is assumed that
diseases which interfere with reproduc-
tion are controlled and that the sow
herd has the inherent capacity to pro-
duce large litters of strong vigorous
pigs. The following concepts have
been established through results of ex-
perimentation; they appear sound and
are the basis on which this presenta-
tion is developed :
1. Overfeeding of sows immediately

following breeding increases em-
bryonic mortality, resulting in a
reduction in "potential" litter size.

R. J. MEADE is Professor of Animal
Husbandry, Institute of Agriculture,
University of Minnesota.

2. The greater the gain of the sow or
gilt during the gestation period, the
greater her weight loss during the
subsequent lactation and post-wean-
ing periods.

3. Overfeeding of sows and gilts dur-
ing gestation not only contributes to
the above undesirable results, but
also increases total feed costs
chargeable to the swine operation.

4. Nutrient needs of the sow and gilt
over those required for mainten-
ance, particularly those for protein
and energy, are very small during
the first 10 weeks of pregnancy and
increase at a very rapid rate during
the terminal 4 to 6 weeks of the
gestation period.

5. Many producers do not select their
replacement gilts until they have
reached weights of at least 200
pounds and do not restrict the feed
intake of the gilts after selection.

4
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Gilts will often weigh 275 to 300
pounds at the time they are first
bred, with the result that they at-
tain quite heavy weights by farrow-
ing time. Such a practice may in-
crease feed costs, result in the unde-
sirable effects set forth above, and
cause gilts to be awkward in the
farrowing and nursing pen.

Much of the work conducted at the
University of Minnesota during the
past several years has been planned
with the above considerations in mind.
The possibility that sows might have a
longer period of usefulness in the herd
if they did not gain excessive weight
during any gestation period, and as a
result become very large and awkward,
has also been considered but not ac-
tively investigated by carrying sows
through several successive reproduc-
tive cycles.

Restriction of energy intake using
n-•	 bulky rations

A long-time concept has been that
sows and gilts could be self-fed "bulky"
rations during gestation with the addi-
tional feed consumed being "ex-
changed" for labor otherwise required
for hand-feeding and with weight gains
being satisfactorily controlled. Gener-

ally, it has been observed that mature
sows in the University of Minnesota
herd tended to eat more feed than nec-
essary when they were self-fed during
gestation. Average daily feed intakes
of 10 to 12 pounds per mature sow
are not uncommon when rations are
bulked with such diluents as ground
alfalfa, ground corn cobs, and ground
oat hulls, and the diluents are not
equally effective in reducing accepta-
bility of the rations.

In one of the first experiments con-
ducted in the current series, an attempt
was made to control weight gains of
pregnant gilts by using high levels of
alfalfa meal in rations and by replac-
ing ground yellow corn with ground
oats. Basically, the rations contained
46% of either ground corn or oats,
45% of ground alfalfa hay, and sup-
plemental protein and minerals. The
brief summary presented in Table 1
illustrates that substituting ground
oats for ground corn to provide a ra-
tion of greater fiber content did not
severely reduce gains or greatly re-
strict feed intake. Increased weight
gain of the gilts was not necessarily
associated with increased birth weights
of the pigs or with increased litter
size. Average daily feed intakes (pound
of air-dry feed) were also in excess of

Table 1. Influence of bulking the gestation ration on reproductive performance of
gilts—Hanson et al. (1955)

Trial I	 Trial II

Grain used Oats Corn Oats Corn

No. gilts 	 26 25 32 34
Av. initial wt., lb. 	 315 305 244 243
Av. wt. at farrowing, lb. 	 430 449 392 412
Av. daily gain, lb. 	 0.94 1.14 0.91 1.04
Av. daily feed, gestation, lb. 	 8.0 9.3 8.0 8.2
Av. no. live pigs per litter 	 8.3 8.2 8.2 8.0
Av. birth wt., lb. 	 2.44 2.49 2.4 2.3
Av. no. pigs weaned/sow farrowed 6.3 7.0 7.3 7.1
Percent of live pigs weaned 	 76 86 89 89
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that which can be hand-fed to restrict
gains to the desired amount.

Two trials were conducted at the Uni-
versity of Minnesota (Hanson et al.,
1956) in which gilts were fed either
a "normal" ration starting at weights
of 123 to 129 pounds or were fed ra-
tions containing 26 to 29% and 30%
of ground corn cobs during the grow-
ing and gestation periods. A brief sum-

mary of these trials is presented in
Table 2. As would have been expected,
the gilts fed the "bulky" rations gained
much less weight during the growing
and gestation periods and averaged ap-
proximately 100 pounds less at far-
rowing time. Restriction of feed in-
take did not appear to interfere with
litter size or survival. Only in Trial
II was there a suggestion that restric-

Table 2. The effect of limited feeding on growth and reproduction in gilts—Han-
son et. al. (1956)

Trial I	 Trial II

Ground corn cobs in ration No Yes No Yes

No. gilts farrowing' 	 16 17 16 17
Av. initial wt.,	 lb. 	 123 123 129 129
Av. wt. at farrowing, lb. 	 425 322 422 318
Av. wt. at weaning, lb. 	 340 268 352 259
Wt. loss due to farrowing and

lactation, lb. 	 85 54 70 59
Gain, weaning to market, lb. 	 24 31 26 30
Av. no. live pigs farrowed 	 8.4 7.6 8.2 8.9
Av. birth wt., lb. 	 2.35 2.31 2.52 2.30
Av. no. pigs weaned/sow farrowed 6.7 6.7 6.4 7.8

a 20 gilts started in each lot.

Table 3. Influence of level of feeding, and protein content of the ration, on repro-
ductive performance of gilts fed on pasture for 75 days—Meade et. al. (1963)

Treatment number

1 2 3

Feed intake first 23 days, drylot, lb 	 5 6 4
Protein content of ration, % 	 15 12 12
Feed intake first 23 days, pasture, lb. 4 5 3
Protein content of ration, % 	 15 12 12
Feed intake last 52 days, pasture, lb 	 4 5 5
Protein content of ration, % 	 15 12 15
No.	 gilts	 	 15 15 15
Av. initial wt., lb. 	 321 313 304
Av. final wt., lb. 	 404 423 405
Av. da. gain, lb. 	 0.87 1.14 1.03
Av. da. feed, lb. 	 4.3 5.3 4.4
Av. no. live pigs farrowed/litter 	 9.1 10.5 10.9
Av. birth wt., lb. 	 2.98 2.97 2.87
Av. no. pigs weaned/litter, 56 days' 9.2(12) 9.4(14) 10.4(14)
Av. wt. loss/sow during lactation, lb.' 43 74 62

a Numbers in parentheses indicate number of gilts weaning litters.
b Includes weight loss at farrowing.
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tion of feed intake might have caused
some decrease in birth weights of the
pigs. However, in Trial II survival
rate was excellent where the gilts had
been restricted and they weaned 1.4
more pigs per litter than did the gilts
self-fed the "normal" ration during
growth and gestation. It did not appear
that restricted gilts that attained •final
weights of 300 pounds, or more, were
penalized in performance due to re-
striction. However, gilts that attained
final weights of substantially less than
300 pounds due to restriction showed
impaired performance. Restricted gilts
were less awkward in the farrowing
and nursing pens, and they lost less
weight during the farrowing and lacta-
tion periods. Gilts which had been re-
stricted also recovered weight loss
more rapidly during the post-weaning
period than did gilts fed at a higher
level of energy intake during the
growing and gestation periods.

Feed intakes of gifts on pasture
Information presented in Table 3

shows the feeding levels and protein
contents of rations fed to bred gilts
in drylot for 23 days prior to being
fed on good bromegrass pasture (lur-
ing the last 75 days of the gestation
period (Meade et al., 1963). The gilts
fed at the highest level (treatment 2)
gained more rapidly than did those fed
at the lowest level (treatment 1). Feed
intake of the third group (treatment
3) was increased during the last 52
days of gestation to provide a total
feed intake equivalent to that of the
group of gilts fed continuously at the
lowest level. This feeding practice re-
sulted in gains which were intermediate
between those obtained with the high-
est and lowest feeding levels. Birth
weights of pigs were not affected by
level of feed intake. Those gilts that
gained the most weight during gesta-

tion (treatment 2) lost the largest
amounts of weight during lactation
with the result that net weight gains
of the gilts from breeding to weaning
were nearly equal, regardless of feed-
ing level during gestation.

Reduced feed intake for sows and
gilts in dirt drylot

Gilts and sows were hand-fed 5 or 6
pounds of feed per head daily during
approximately the last 95 days of ges-
tation in another experiment. As
shown in Table 4, gains of both sows
and gilts were depressed by restricting
the feed intake to 5 pounds per head
daily. Litter size did not appear to be
affected by level of feeding, although
sows did farrow larger litters than
gilts. Feeding level did not affect birth
weights of pigs from sows, but pigs
from gilts fed at the lower rate were
approximately 10% lighter in weight
at birth. A higher percentage of the
pigs from the sows and gilts fed at
the lower level was classified as me-
dium or weak in strength at birth.
Feeding level during gestation did not
appear to influence the capacity of the
sows or gilts to nurse their litters, nor
did it appear to affect adversely the
number of pigs weaned or weights of
pigs when weaned at approximately 21
days of age.

It was observed that some of the
gilts fed at the lower level of feed in-
take may not have been supplied with
adequate energy to support both main-
tenance and development of, the litter
during the terminal stages of preg-
nancy. This situation may have been
aggravated by extremely cold weather
encountered during the latter stages of
the experiment. Therefore; the gilts
fed at the rate of 5 pounds per head
daily in the experiment summarized
in Table 5 were fed an additional
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Table 4. Influence of level of feed intake on reproductive performance of sows
and gilts-Meade et al. (1963)

Treatment 	
	

1
	

2

Av. daily feed, lb. 	
	

6	 5
Protein content of ration, %

	
15	 18

Daily protein intake, lb. 	
	

0.9	 0.9

Sows	 Gilts
No. farrowing 	 	 6	 22
Av. initial wt., lb. 	  433	 310
Av. final wt., lb. 	  572	 411
Days on test prior to farrowing 98 	 92
Av. daily gain, lb. 	 	 1.46	 1.10
Av. no. live pigs farrowed/litter	 13.7	 10.4
Av. birth wt. of pigs, lb. 	 	 2.48	 2.33
Av. age of pigs at weaning, days 20.3	 22.1
Av. no. pigs weaned/litter' 	  10.3	 82
Av. wt. of pigs at weaning, lb 	 _	 13.3	 11.7

	

All	 Sows

	28 	 7

	

337	 445

	

445	 543

	

93	 93

	

1.18	 1.06

	

11.1	 13.7

	

2.37	 2.44

	

21.7	 20.7

	

8.9	 10.4

	

12.1	 13.4

	

Gilts	 All

21
	

28
311
	

344
393
	

430
93
	

93

	

0.89
	

0.93

	

11.0
	

11.7

	

2.13
	

2.22

	

22.3
	

21.8

	

8.6
	

9.1

	

11.3
	

11.9

Condition of pigs at birth
Strong, % 	
Medium, % 	
Weak, % 	
Dead, % 	

Death losses and causes, birth to weaning

Total losses, % of pigs born
alive 	

Causes, % of those born alive
Weak and died, starvation
Weak and destroyed 	
Injury 	
Overlain 	
Scours 	

Av. feed intake per sow daily
during gestation, lb. 	

	

70.8
	

61.3

	

13.0
	

14.4

	

9.9
	

18.8

	

6.3
	

5.5

	

18.6	 18.7

	

6.1
	

8.8

	

5.1
	

3.0

	

1.3
	

0.6

	

1.9
	

2.7

	

4.2
	

3.6

	

6.1	 5.2

a Based on number of sows and gilts weaning litters. One gilt, treatment 1; 2 gilts, treatment 2, did
not nurse litters. Sows and gilts on treatment 1 nursed 22 "transferred" pigs; those on treatment 2 nursed
18 "transferred" pigs; these pigs not included in average number of pigs weaned per litter.

pound of ground yellow corn per head
daily during approximately the last 21
days of the gestation period. As shown
in Table 5, the gilts fed at this rate
did not gain as rapidly, but their pigs
were of nearly the same weight at
birth as were the pigs from gilts fed
at the rate of 6 pounds per head daily
throughout gestation. Litter size, num-
ber of pigs weaned per litter, and
weaning weights of the pigs did not
appear to be affected adversely by
feeding less feed during the first 80

days of pregnancy. It may be that the
gilts could have been fed for even
lesser gains during early gestation and
for less total gain, but at a rate to
meet the needs of the developing lit-
ter, with equally good results. Data for
feed requirement per 100 pounds of
pork produced, and per pig weaned,
have been included to illustrate the
impact of poor conception rate upon
feed costs since those costs must be
borne largely by pigs reared from
sows that do conceive and rear litters.
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Table 5. Influence of level of feed intake on reproductive performance of gilts—
Meade et al. (1963)

Treatment No. 	 2

Daily feed per gilt, lb. 	 6 5
Protein content of ration, % 	 15 18
Daily protein intake from mixed ration, lb. 	 0.9 0.9
Corn per gilt daily last 21 days of gestation, lb. 	 1

No. gilts started 	 17 17
Av.	 initial wt., lb.	 	 283 289
No. gilts farrowing 	 10' 14
Av.	 initial wt., lb.	 	 284 290
Av. wt. at farrowing, lb. 	 411 399
Days on test 	 108 108
Av. daily gain, lb. 	 1.18 1.01
Av. wt. after farrowing, lb. 	 376 367
Av. wt. loss at farrowing, lb. 	 35 32
Av. wt. loss, farrowing to weaning, lb. 	 —3.7 (gain) 0.6
Av. no. pigs/litter 	 10.0 102
Av. no. live pigs/litter 	 10.0 9.9
Av. no. pigs weaned/litter 	 8,91, 9.1'
Av. birth wt. pigs, lb. 	 2.49 2.46
Av. weaning wt. of pigs, lb. 	 12.8 12.4
Av. age of pigs at weaning, days 	 22.9 22.6
Feed intake/100 lb. pork produced, lb.' 	 487 427
Sow feed/pig weaned, lb. 	 132 91

a Includes one gilt unable to deliver litter; not included in calculation of pigs farrowed per litter.
b Does not include 6 additional pigs nursed by sows, treatment 1.
a Based on 13 litters; does not include 12 additional pigs nursed by sows, treatment 2.
d Based on estimated feed consumption of 10 lb. per sow daily during farrowing and lactation periods;

estimate based on results of other studies.

Feed intakes for sows on pasture

Mature sows maintained on pasture
may be able to obtain a high percent-
age of their nutrients from the forage,
thus reducing greatly the amount of
feed which must be carried to them.
The information presented in Table 6
is a summary of two trials in which
sows maintained on high quality pas-
ture were hand-fed either 3 or 4
pounds of feed daily during early ges-
tation and with the amount of feed
being increased by one pound per head
daily during approximately the last 30
days of gestation when the nutrient de-
mands of the developing litter would
have been at a maximum. As the data
indicate, sows fed at the lower level
gained more weight during pregnancy

than the amount represented by weight
loss at farrowing time (litter plus
products of conception), and the sows
fed at the higher rate gained approxi-
mately an additional 20 pounds per
head. Litter size at birth and at wean-
ing did not appear to be affected ad-
versely by feeding the sows at the
lower level. The average birth weights
of pigs from sows fed at the lower
level tended to be lower, but this was
not reflected in weaning weights of
the pigs at approximately 3 weeks of
age. The increase in body weight of
the sows did not parallel the increase
which would have resulted from de-
velopment of the litter, and it is possi-
ble that further alteration of the feed-
ing program to supply less feed early
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Table 6. Influence of level of feed intake on reproductive performance of sows
fed on pasture-Meade et al. (1963)

Group A Group B

Daily feed intake, early gestation, lb. 	
Daily feed intake, last 30 days of gestation,

lb.	 	
Protein content of ration, % 	

3

4
15

4

5
12

3

4
15

4

5
12

No. sows started 	 9 9 9 9
No. sows farrowing 	 7 6 6 8
Av. initial wt., lb. 	 468 441 442 472
Av. wt. at farrowing, lb. 	 541 533 505 555
Days on test 	 85 84 89 92
Av. daily gain, lb. 	 0.87 1.09 0.71 0.90
Av. feed/sow daily, lb. 	 3.3 4.3 3.4 4.4
Av. wt. loss at farrowing, lb. 	 44 40 46 45
Av. wt. loss during suckling period, lb. 	 14 12 4 8
Av. feed/sow daily during farrowing and

nursing period 	 9.6 9.0 9.3 9.1
Days in farrowing and nursing period 	 27 25 30 29

Pig data :
Av. no. pigs farrowed/litter 	 12.1 11.2 11.7 12.4
Av. no. live pigs/litter 	 11.7 10.8 11.7 11.2
Av. birth wt., live pigs, lb. 	 2.85 2.96 2.68 2.87
Av. no. pigs weaned/litter a 	 10.0 9.0 9.2 9.5
Av. no. of pigs at weaning, days 	 19.8 19.9 21.0 19.6
Av. wt. of pigs at weaning, lb. 	 12.7 12.7 12.1 11.7

Feed required/100 lb. pork produced, lb.' 380 391 557 457

Pounds sow feed/pig weaned, lb.' 	 52 64 72 70

a Does not include foster pigs nursed; 3, low level sows, 3, high level sows, Group A; 2, low level
sows, 4, high level sows, Group B.

b (Total feed consumed by all sows during gestation + total feed consumed during lactation)

(Net gain of sows not pregnant + total wt. of all pigs weaned - wt. loss of sows)
c Total feed consumed by sows, gestation and lactation

Total number of pigs weaned

in gestation and larger amounts dur-
ing the terminal stages of pregnancy
could have resulted in equally satisfac-
tory results with even less total weight
gain by the sows. As previously shown
in Table 5, the data for pounds of feed
required per 100 pounds of pork pro-
duced again reflect the impact of poor
conception rate on feed costs to be
borne by the swine enterprise.

Reduced feed intakes for gilts fed in
dirt drylot

Data in Table 7 show the results
of an experiment in which gilts were

fed at a level to support nominal gains
(approximately 1.25 pounds per head
daily) during a 3-week period preced-
ing breeding. The gilts were then fed
lesser amounts of feed after breeding
and received increased energy from
yellow corn during approximately the
last 3 weeks of pregnancy as shown in
Table 7. Those gilts fed at the higher
of the two levels gained only slightly
more weight during the total period
than did those fed at the lower level.
Number of live pigs born, birth
weights of the pigs, survival rate of
the pigs, and weights of the pigs at 22
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Table 7.	 Influence of level of feed intake on reproductive performance of gilts
Meade et al. (1963)

Treatment No. 	

Feed/gilt/day, lb.
Prebreeding and breeding, 35 days 	 6(16)a 6(16)°
14-65 days 	 5(15.6) 4(20.2)
Last 40 to 48 days 	   6(15.4) 5(19.0)
Last 17-25 days only, corn 	 1 1

No. gilts bred 	 13 13
No. gilts farrowing 	 8 9
Av. initial wt., lb.' 	 318 308
Av. wt. at farrowing, lb.' 453 425
Days to farrowing' 	 129 130
Av. daily gain, lb.' 	 1.05 0.90
Wt. loss at farrowing, lb. 	 36 31
Wt. loss, farrowing to 22 days, lb. 	 12 12
Net gain to weaning of litter, lb.' 	 90 80
No. pigs farrowed/litter 	 9.6 9.4
No. live pigs/litter 	 9.0 9.1
Av. birth wt., live pigs, lb. 	 2.75 2.70
Av. strength score' 	 1.10 1.22
No. pigs/litter at 22 days' 	 9.0 10.1
Av. wt. of pigs at 22 days 	 13.2 12.8

Lb. feed/100 lb. pork produced, lb.° 	 516 488

a Values in parentheses indicate protein content of rations as determined by chemical analysis.
b For gilts that farrowed litters.
e Days from start of prebreeding period to farrowing.
a From start to prebreeding period until 22 days after farrowing.
e 1 = strong; 2 = medium; 3 = weak.

Includes pigs transferred to sows nursing litters; 5 pigs transferred to 7 sows from treatment 1; 7
pigs transferred to 8 sows from treatment 2.

g Total feed eaten by sows divided by (net gain of sows plus total weight of pigs at 22 days).

days of age did not appear to be af-
fected by feeding - level sequence.
Strength scores suggest that there
were more pigs classified as medium
and weak at birth when their dams
had been fed at the lower level follow-
ing breeding, but this was not re-
flected in survival rate.

In Table 8, results are shown from
one experiment in which gifts were fed
at the commonly recommended level
(treatment 1, experiment 1), or 6
pounds per head daily of a 15% pro-
tein ration, throughout gestation in
dirt drylot. Other groups of gilts were
fed lesser amounts of feed, as shown,
with feed intakes being increased as

pregnancy progressed. The intent was
that of avoiding excessive weight gain
of the gilts during early gestation and
of attempting to feed to meet the needs
of the developing litter during late ges-
tation. Comparisons should be made
within and not between experiments.
It is interesting that in both experi-
ments those gilts on the lowest level of
feed intake (treatment 3) actually lost
weight, or only maintained their
weight, during the period from about
the 16th to the 43rd days of preg-
nancy. Yet these gilts farrowed nearly
as many live pigs per litter with birth
weights equivalent to those pigs from
gilts fed at the higher levels during
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Table 8. Influence of level of feed intake on reproductive performance of gilts-
Meade et al. (1963)

Experiment No. 	 1 2

Treatment 	 1 2 3 2

Feed/gilt/day, lb.
First 27 days 	 6(15) a 4(18) a 3(20)' 4(18)" 3(20)"
Next 28 days' 	 6(15) 5(18) 4(18) 5(18) 4(18)
Remainder of gestation 	 6(15) 6(15) 5(15) 6(15) 5(15)

No. gilts started 	 17 17 17 14 14
No. gilts farrowing 	 14 15 14 11 10
Av. initial wt., lb.' 	 318 325 326 338 324
Av. wt. gain, first 27 days, lb. 	 31 16 0 0 -12
Av. final wt., lb.' 	 440 429 400 409 379
Av. days on test" 	 96 95 96 90 92
Av. daily gain, lb.' 	 1.26 1.09 0.76 0.77 0.61
Av. wt. loss at farrowing, lb. 	 46 46 42 16" 10"

Av. wt. loss to 21 days, lb." 	 13(13) 22(11) 9(13) 27 17
Av. wt. at 21 days, lb.' 	 383 360 354 366 352
No. pigs farrowed/litter 	 10.1 9.6 9.5 10.5 10.0
No. live pigs/litter 	 9.9 9.3 9.4 10.3 9.6
Av. birth wt., live pigs, lb. 	 3.11 2.95 3.02 2.67 2.77
Av. strength score, live pigs 	 1.16 1.18 1.20 1.03 1.07
Av. No. pigs/litter at 21 days' 	 10.7 9.4 10.0 8.7' 7.5'
Av. wt. of pigs at 21 days, lb. 	 9.5 10.6 10.6 12.1 12.8
Peed/100 lb. pork produced, lb. g 	 486 506 459

a Figures in parentheses indicate calculated protein content of rations fed during these periods.
h This period of 35 days duration in experiment 2.
e For gilts that farrowed litters.
d Bays fed gestation ration prior to being taken into farrowing barn.
e For gilts that nursed litters; 1 gilt, treatment 1; 4 gilts, treatment 2; and 1 gilt, treatment 3; experi-

ment 1, refused to nurse litters or partially destroyed litters at farrowing time.
Includes pigs transferred to gilts nursing litters; 15 pigs transferred to gilts from treatment 1; 12

pigs transferred to gilts from treatment 2; and 22 pigs transferred to gilts from treatment 3.
g See footnote g, table 7; age of pigs 21 days; value for treatment 2, experiment 1, biased because of

unequal number of pigs nursed/litter.
h Based on wt. of gilts into barn at 109 days of gestation.

Includes one sow saving only 4 of 8 pigs born alive and one sow saving only 5 of 10 pigs born alive.
Includes one sow saving only 3 of 8 pigs born alive and one sow saving only 7 of 13 pigs born alive.

gestation. The gilts fed at the lowest
level of feed intake also appeared to
have been able to adjust to the lacta-
tion ration and to have done an ex-
cellent job of nursing their litters to 3
weeks of age. The major differences
are those of weight changes of the
sows as affected by level of feed in-
take during pregnancy.

The results of the three experiments
summarized in Tables 6, 7, and 8 in-
volve 81 gilts. These results indicate
that energy intakes well below those

commonly recommended will support
satisfactory reproductive performance.
Also, the data suggest that the timing
of feeding adequate amounts of en-
ergy and protein is important as it in-
fluences birth weights of the pigs, par-
ticularly when the net gain in body
weight of the sow is minimal. In some
treatments excellent reproductive per-
formance resulted when the gilts re-
ceived as little as 0.6 to 0.75 pound of
protein daily as contrasted to the rec-
ommended amount of 0.9 pound.
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Characteristics of rations

The rations used in the experiments
where ground corn cobs were used as
a "diluent" contained approximately
15% of protein and were formulated
to be adequate in calcium, phosphorus,
other minerals, and vitamins. In those
instances where the sows and gilts
were hand-fed, the rations were more
concentrated in nature, contained 10%
dehydrated alfalfa meal only when fed
in drylot, supplied the amounts of pro-
tein indicated in the tables pertinent to
the separate experiments, and were
formulated to contain approximately
0.8% of calcium, 0.6% of phosphorus,
and to be adequate in other minerals
and in vitamins. Generally, supple-
mental protein was supplied by soy-
bean meal (44%) and either tankage
or meat and bone scraps in a 2:1 ratio.

Effects of protein level

Protein is of major importance in
the rations of pregnant sows and gilts.
Some of the research which has been
reported recently indicated that p reg-
nant sows and gilts reproduced satis-
factorily on less than the commonly
recommended 0.9 pound of protein per
sow daily. Results of research con-
ducted at the University of Minnesota
over a 2-year period indicated that pigs
from gilts self-fed rations containing
about 14.5% of protein throughout
gestation were either better able to
survive when natural outbreaks of a
severe diarrhea occurred or they were
less susceptible to the infection than
were pigs from gilts self-fed rations
containing approximately 10.5% of

>" protein. It would appear that, under
conditions of excellent management
and freedom from enteric disorders in
the young pig, producers should be
able to obtain satisfactory reproductive
performance when bred sows and gilts

are fed less than 0.9 pound of high
quality protein per head daily. In fact,
it has been shown that gilts fed 0.3
pound protein per head daily per-
formed as well as did those fed 1.2
pounds per head daily. However, addi-
tional research is also in order to define
more precisely the minimum practical
levels of protein for sows and gilts
fed in drylot or on pasture during ges-
tation, and also to show more clearly
those conditions which may contribute
to a need for additional protein in ra-
tions of pregnant sows and gilts.

SUMMARY

In summary, the data which have
been presented do not permit the es-
tablishment of feeding programs based
on meeting the maintenance needs of
the pregnant sow or gilt and the needs
of the developing litter, but these data
and those of other researchers do per-
mit the following statements :

1. Supplying the sow or gilt with more
energy, and protein, during gesta-
tion than is required to support
nominal gain does not consistently
result in larger litters, heavier pigs
at birth, improved survival rate, and
heavier pigs at weaning.

2. Feeding sows and gilts too low a
level of energy during the terminal
stages of pregnancy may result in
decreased birth weights of pigs as
well as an increased percentage of
pigs which are weak or medium in
strength at birth. Feeding levels
may need to be adjusted on the basis
of environmental temperature, par-
ticularly during winter months,
when some additional energy may
need to be provided just to keep
the sow warm.

3. Feeding pregnant sows and gilts at
a level to support minimum gains
during early gestation followed by
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increased amounts of energy and
protein during the terminal one-half
to one-third of pregnancy may sup-
ply nutrients more in accordance
with the maintenance needs of the
sow or gilt and the needs, of the de-
veloping litter. This may avoid ex-
cessive total weight gain of sows or
gilts during gestation. There ap-
pears to be excellent potential for
developing feeding programs of
this nature as a result of which the
sows will not become exceedingly
large but through which they may
remain as highly useful productive
units through several reproductive
cycles.

4. Second to fourth litter sows being
maintained on excellent pasture can
be fed as little as 3 pounds per head
daily of a 15% protein ration, per-
haps less, during the first 80 days of
pregnancy, and 4 pounds per head
daily during the last 30 days, with
excellent results.

5. Sows and gilts making the greatest
gains during gestation also suffer
the greatest weight losses during
farrowing and lactation. This ap-
plies particularly where sows make
excessive weight gains during preg-
nancy.

6. Feeding more total feed than is re-
quired to support nominal gains
may contribute not only to reduced
embryo survival when practiced
during early pregnancy, but also
contributes to increased production
costs when practiced throughout the
entire gestation period.
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