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Swine Reproduction in Relation 
to Nutrition 

A.G. HoGAN 

ABSTRACT.-vVhe11 brood sows were reared under rigid experim ent
al conditions thei r litter s did not attain norma l weaning weights. As an explana
tion it is suggested that the concentrates used arc inadequate for swine over long 
periods of time. 

During the course of some studies on the amount of calcium re
quired by brood sows it developed that the litters of animals receiving 
the control rations were subnormal in weight and condition. It seemed 
possible that the partial failures of the pigs were due to the experimental 
conditions, but it seemed more probable that the rations were at fault. 
The importance of nutrition as a factor in swine reproduction has long 
been appreciated, but because of the technical difficulties few attempts 
have been made to study the specific requirements of this species. In 
the first place considerable time is required to deplete heavy animals 
such as swine of their nutritional reserves. The use of vitamin supple
ments, or other accessories of that nature, seems impossible because of 
the amounts required. In many instances the nutritional properties of 
natural foodstuffs have been studied with a few animals, but when these 
same foods are supplied to other species the interpretation is sometimes 
ambiguous. The result is that though several studies have been reported 
on the relations between the food supply of sows and their ability to 
farrow and suckle their litters, the precise causes of reproductive failure 
are often obscure. 

Data obtained by Martin1 indicate that rations of white corn, 
tankage, a mineral mixture, and a liberal allowance of legume hay are 
not adequate for brood sows. The description indicates that the ex
perimental periods were limited to the stages of gestation and lactation. 
The group of pigs that was heaviest at weaning had an average weight 
of 19.6 lbs., presumably at 8 weeks of age. Martin concluded that in the 
nutrition of sows, legume hay is not a satisfactory substitute for a good 
pasture. 
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Aubel, Hughes, and Lienhardt2 maintained sows for long periods of 
time on rations of yellow corn, alfalfa meal, tankage, and steamed bone 
meal, but the mortality among the litters farrowed by these sows was 
very high. The substitution of wheat germ for 10 per cent of yellow corn 
probably improved the ration. These results, as do those of Martin, 
indicate that the concentrates commonly employed are inadequate 
for the normal nutrition of swine, even though supplemented by a 
legume hay. The sows described by Aubel and associates were kept on 
cement floors while those described by Martin had access to the soil. 
The most probable conclusion from their combined data is that access 
to the soil is of little significance, but the presence or absence of green 
vegetation is of decisive importance. This interpretation receives some 
support from an earlier report of Havner and Grimes.3 The experimental 
procedure, and the rations, were in most respects similar to those de
scribed by Martin. They do not state specifically, however, that the 
lots in which the animals were confined were free of vegetation, so one 
may reasonably infer that the sows did consume some green feed. At 
any rate the weaning weights of the pigs were satisfactory. 

In a report on the effects of a deficiency of calcium in the rations 
of brood sows, Davidson4 gave the weaning weights of pigs in the control 
group as 21 lbs. He apparently had some doubt of the adequacy of the 
ration, for he pointed out that the number of atrophic foetuses increased 
in succeeding generations. In addition there was a reduction in the 
average weight at 4 months, accompanied by a deterioration in general 
condition. 

According to Plimmer5 the pig may develop scurvy. Hughes, 
Aubel, and Lienhardt6, however, were unable to produce scorbutic 
symptoms in this species. 

McGowan and Crichton 7 were the first to show that the anemia of 
suckling pigs is due to a deficiency of iron. The sows were kept on 
pasture until about 2 weeks before they were expected to farrow, then 
confined to pens with cement floors. The pigs became anemic when 3 to 
4 weeks old, but recovered on being given ferric oxide. If the iron were 
given the sows before the litters were visibly affected, the pigs weighed 
approximately 37 pounds at 8 weeks. The ration of the sows while in the 
pens was maize, fishmeal, and distiller's "draff" (ma! ted barley after 
extraction with water). Apparently this was fed in the following manner 
as described in a later report 8, 2 lbs. maize, 1 lb. fishmeal daily, and 
draff ad lib. 

Doyle, Mathews, and Whiting9 have reported observations similar 
to those of McGowan and Crichton, but they were unable to relieve the 

NOTE.- Superscript numeral s refer to the Bibliography on page 24. 
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anemia of suckling pigs by adding ferric lactate to the ration of the sows. 
Hart, Elvehjem, Steenbock, Bohstedt, and Fargo10 state that the anemia 
of suckling pigs is not prevented by the administration of iron salts to 
the mothers, but is promptly relieved by supplying ferric sulphate to the 
pigs themselves. Ferric oxide was slightly effective. 

Weiser and Zaitschek11 noted an improvement in the lactation 
records of sows that were given potassium iodide, 125 mg. daily. The 
sows that did not receive supplements of iodine weaned 42.1 per cent, 
those that received iodine weaned 82.9 per cent of the pigs born. The 
weights of the pigs were in accord with the mortality records, 29 and 
41 lbs. respectively, at 10 weeks. However, there were differences 
in the treatment of the control and experimental groups that make the 
interpretation of the data uncertain. 

EXPERIMENTAL 
It is frequently observed that the mortality of suckling pigs is high, 

and that their weaning weights are subnormal. The primary object 
of the investigations described in this report was to determine whether 
these unsatisfactory conditions may properly be attributed to the rations 
of their mothers. The experimental procedure is described elsewhere.12 

The following breeds of swine have been used: 
1927-28 Hampshire 21 1928-29 Spotted Poland China 

Duroc Jersey 3 1929-30 Hampshire 

The Adequacy of Cereals, Mill By-Products, and the Common Protein 
Concentrates for Swine 

During the period 1928-30 the results obtained were quite consistent, 
and as the adequacy of the rations was the subject of greatest interest 
the data of those two years are presented first. In 1927-28 a comparison 
had been made of various sources of calcium, and it was concluded that 
there is little choice among the various sources of calcium examined. 
All the animals had done badly, and as the results were somewhat com
plicated their discussion is deferred to the following section . It seemed 
very probable, however, that the addition of ferric oxide to the calcium 
carbonate supplement had definitely improved the ration of that group, 
and it seemed possible that small quantities of some of the more obscure 
minerals might bring about further improvement. During 1928-29 
then, one group received calcium carbonate and ferric oxide, and the 
third received calcium carbonate, ferric oxide, and small quantities 
of a considerable number of minerals that might possibly have some 
physiological significance. The weaning weights of the- litters gave- some 
reason to believe the use of ferric oxide had been beneficial, but it is 
doubtful that the- addition of the more complex salt mixture had any 
effect. The rations are described in Table 1. 
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During the following year, 1929-30, an effort was made to improve 
the organic constituents of the rations. It had been suggested that a 
ration containing more protein would be desirable, at least during lacta
tion, so Ration 2 was formulated. In view of recent work on the vitamin 
content of maize, it also seemed possible that the deficiencies of our 
rations might be due to a deficient vitamin supply, and it was thought 
Ration 3 might be a better source of vitamins than those previously used. 
The basal ration, No. 1, was practically the same as had been used the 

TABLE l .- COMPOSITION 1 OF RATIO NS USED IN 1928-29 

Ration X' Xl3 XII4 XIII' 

Corn _____ _______________________ 75 72 74 69 
Linseed Oil Me aL ________ ______ __ 8 10 10 10 
Liver Meal ______ __________ ______ 8 
Dried Buttermilk _________________ 4 2 2 
Wheat Bran _____ ________ _____ __ _ 5 5 10 
Alfalfa M eaL __ __ ________________ 5 5 5 5 
Cod Liver Oil_ ___ ___________ __ ___ 2 2 2 2 
Mineral M " 6 1xture ___________ ______ 2 ± 2 ± 2 ± 2 ± 

I. Parts by weight. 
2. Beginning July 4, 1928. 
3. Beginning Sept. 6, 1928. 
4. Beginning Oct. 27, 1928. 
5. During lactation. 
6. The mineral supplements were made up as follows. All animals received a 

mixture of precipitated calcium carbonate and common salt, in the ratio of 3 parts 
of the carbonate to 1 of common salt, and one group received this mixture only. 
In addition to this a second group received 1000 grams of ferr ic oxide for each 1000 
pounds of feed, and a third group received wi th each 1000 pounds of feed the fo llowing 
amounts of the obscure minerals: 

N a,SiO 3, 6H2O 45.4 grams 
MnSO,, 4H 2O 45.4 grams 
ZnSO,, 2H2O 45.4 grams 
CuSO,, 5H 2O 45.4 grams 

Na2B4O,, 10H 2O 
Nal 
NaF 

45.4 grams 
22.7 grams 
4.5 grams 

TABLE 2.- COMPOSITION1 OF RATION S USED rn 1929-30 

Ration 

Yell ow Corn ______________ __ ______________ _ 
Shorts ____ ________________ ____ ____________ _ 
Bran _______________ __________ ____________ _ 
Linseed Oil Meal_ ____ __ ___________________ _ 
Tankage __ ________ _____ ____________ ___ ___ _ _ 
Dried Buttermilk _________________________ _ _ 
Alfalfa MeaL ___ _________ _______ __ _____ ___ _ 
Mineral Mixture3 _____________ _ ______ ______ _ 

I. Parts by weight . 

75 

5 
10 

2 
5 
24 

2 

65 

5 
10 
10 
2 
5 
25 

32 

45 
25 

4 
8 

15 
2 

2. In addition to the mi xed ration, the sows were gi ven all the cabbage they 
would eat. The average consumption was about 1 lb. daily. 

3. Equal parts of common salt, ground lim estone, steamed bone meal. 
4. To each 100 parts of the ration, 1.6 parts steamed bone meal were added 

so the calcium and phosphorus content of the ration would be the same as in 3. 
5. To each 100 parts of the ration, 0.6 parts of steamed bone meal were added so 

the calcium and phosphorus content of the ration would be the same as in 3. 
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year before. In order to obtain more definite data as to the effects of the 
experimental conditions, half of the animals on the basal ration were 
moved to a small bluegrass plot shortly before they were expected to 
farrow. The three rations are described in Table 2. 

During these two years the animals were quite uniform in their 
response to the rations and up to the time of farrowing there are few 
points that seem worthy of comment. A summary of the weights of the 
animals, and of the feed consumed, is given in Table 3. Each group 
is presented separately in this table, in order to show the calcium :phos
phorus ratio, and to show the amounts of those elements consumed. 

TABLE 3.- AVERAGE WEIGHTS OF ANIMALS AND OF FEED CON SU MED, 1928-30 

Initial Final Daily Daily P 
of of Period Weight Weight Ration Intake Intake I No. I Length I 

_Group ~ows days lbs. I lbs. I lbs. 

Daily Ca I 
gms. gms. 

Growing Stage 
1 6 170 67 247 5.0 18.5 9.4 
2 4 158 67 246 5.8 14.5 13.4 
3 4 158 69 247 5 . 8 18.8 15. 7 
4 4 157 77 233 5.8 22.3 16.6 
5 5 169 68 248 5 . 1 20.3 8.9 
6 4 156 64 242 5.7 14.4 13 .2 
7 4 178 65 256 5.1 20.9 10.3 

Gestation Stage 
1 6 116 247 313 5.8 16.4 10.6 
2 4 115 246 359 7 .0 31.3 21.0 
3 4 115 247 374 8.0 50. 7 31.3 
4 4 115 233 351 8.0 38.9 24.4 
5 5 116 248 394 5.9 20.6 10.9 
6 4 115 247 374 8.0 50.7 31.3 
7 4 116 .5 256 409 6 .0 22.0 11.0 

Lactation Stage 
6 55 324 3 5 7 4 4 21 8 19 l 

2 4 53 334 256 7.5 35 .0 23 . 8 
31 3 56 379 319 7 .4 41.3 26.0 
4 56 351 281 7.8 37. 9 24.1 
51 4 56 363 365 7.0 26. 7 15 .2 
6 4 56 368 284 6.2 27.6 18.8 
7 4 56 383 356 7 .6 26.5 16.9 

1. One sow lost her litter through starvation (no milk) within a week, and is not 
included. 

As will be brought out elsewhere, however, wide variations in the pro
portions in which these elements are consumed may be of no consequence. 
Needless to say it was impossible to determine how much calcium or 
phosphorus was obtained from the vegetation by the group turned out 
on pasture after farrowing, so the data reported here apply only to the 
calcium and phosphorus in the concentrates. For convenience, the 
various groups are given the following numbers. 

1. Basal ration, 1928-29. Received calcium carbonate and sodium 
chloride as a mineral supplement. 
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2. Basal ration, 1929-30. Received same mineral supplement 
as Group l. 

3. High protein ration, 1929-30. 
4. High protein and "high vitamin" ration, 1929-30. 
5. Complex salt mixture in the mineral supplement, 1928-29. 
6. Basal ration, and access to pasture during lactation, 1929-30. 
7. Basal ration, 1928-29. Received calcium carbonate, sodium 

chloride, and ferric oxide as a mineral supplement. 
A summary of the litter records is given in Table 4. T he average 

weights of some of the groups were almost identical, and as they were 
otherwise indistinguishable they were all included toge ther. 

TABLE 4.- RECORD OF Pres AT FARROWING AND AT WEANING (8 \NEEK s) 
HIGH CALCIUM RATION, 1928-30 

Pigs farrowed Pigs weaned 

Avg. No. Avg. Weights Avg. 
per litter (in pounds) Weight 

No. of No. of Avg. No. per pig 
Group Ii tters Alive Dead Alive Dead litters per Ii tter lbs. 

1, 2, 3, 
and 4 18 9.5 0.4 2.6 2 .6 16 8.6 21.1 

5 5 8.0 0.0 2.9 - - - 3 5.7 24.7 
6 4 9.0 0.25 2.4 2.4 4 7 . 5 24.6 
7 4 7 . 8 0.0 3.0 - - - 4 6 .75 26.3 

I Basal, I 928-29 
Sow 55. Farrowed 4-1-29. Off feed from the beginning. One pig only survived, 

it was weaned 5-14-29. 
Sow 7. Farrowed 5-9-29. On 5-19-29 a brown exudate was noted behind the 

ears, on face, and in flanks. 
Sow 58. Farrowed 5-23-29. Sow lame, unable to rise without help, moved to a 

grass plot before farrowing. At 8 weeks the sow was thin, but walked normally. Her 
udder was large and she was apparently secreting considerable milk. The pigs were of 
only average size, but they were thrifty and had clean skins. 

2 Basal, 1929-30 
Sow 4. :Farrowed 4-1-30. By 4-16-30 was secreting very little milk. Separated 

from litter on 5- 16-30, died 5-19-30. Inflamed liver and kidneys. 
Sow 39. Farrowed 4-10-30. On 4-13-30, pigs were squealing more than is normal. 

On 4-21-30, four of the pigs seemed to lack complete control of hind legs, but had 
recovered completely on 5-8-30. 

3 Basal+ Protein, 1929-30 
Sow 36. Farrowed 3-26-30. Pigs squeal more than normal. 
Sow 83. Farrowed 4-1-30. Unable to rise without help. Pigs squeal more than 

normal. All dead 4-6-30. 
4 Complex Salts, 1928-29 

Sow 5. Farrowed 4-3-29. Three pigs did poorly, and were killed for autopsy, 
one on 5-10, one on 5- 17, and a third on 5-28. The post mortem description was 
Anemic, inguinal lymph glands enlarged and slightly hemorrhagic. Crural lymph 
glands enlarged. Mealy granular deposit in medullary portion of kidney. Heart 
flaccid. 

6 Basal + Pasture, 1929-30 
Sow 5. Farrowed 3-21-31. Moved to pasture 4-12-31. 
Sow 38. Farrowed 3-24-31. One pig squealed more than normal, died within 2 

days. Same condition noted in another pig 3-29, dead next day. Moved to pasture 
4-12-31. 

Sow 13. Farrowed 4-15-31. Moved to pasture 4-12-31. 
Sow 34. Farrowed 4-24-31. Moved to pasture 4-12-31. 
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The response of four of the groups to be considered, Nos. 1, 2, 3, and 
4, was remarkably uniform, especially in the average weights of the 
litters, so they are combined in Table 4. The two basal groups gave 
almost identical results, and the increase in the amount of protein was 
apparently of no significance. One group received a ration which we 
thought might contain more of certain vitamins, or other unrecognized 
nutrients, but the effect, if any, was inconsequential. In addition to 
these Group 7 received ferric oxide, Group 5 received ferric oxide and 
small quantities of some of the obscure minerals, and Group 6 was placed 
on pasture at farrowing time. The weaning weights of the pigs in these 
three groups are higher than in the others, but even ifit should be firmly 
established that the ration described had been improved by the use of 
minerals, the practical significance is probably negligible. As has been 
mentioned before, the animals had not had access to the soil for nearly a 
year. The force of this comment is emphasized by a comparison with the 
group that had access to pasture. These animals also produced pigs 
that were heavier at weaning time than those on the basal rations alone. 
and in addition they were the thriftiest in appearance of all. 

Studies somewhat similar to ours have been reported by Evans13, 

and a table, No. 5, prepared from his data has been included to facilitate 
a comparison of his results with ours. 

TABLE 5.-LITTER RECORDS OF HIGH CALCIUM Sows (EvANs) 

(Weaned at 7 weeks) 

No. of pigs No. born Birth Wt. No. Weaning 
in litter alive lbs. Weaned Wt. lbs. 

Sow 8 N 2 13 13 2. 13 9 14.75 
2nd litter 6 4 2.12 
3rd litter 8 8 2.4 6 30.1 
4th Litter 4 4 2.95 4 22 . 1 

Sow 7 S I 11 10 2.84 7 22 .91 
2nd litter 15 15 2 . 7 

Sow 10 S 2 4 (one fetus ) 4 2.82 4 22.35 
2nd litter 10 10 2.6 ? 

It is evident that the weaning weights obtained by Evans are 
practically the same as those reported by Martin1 and by ourselves, 
and our tentative hypothesis is that these subnormal weights are due 
to some deficiency in the ration. We do not at present have data to 
decide the point definitely but this view is supported somewhat by post
mortem observations on some of the pigs that died shortly after they 
were farrowed. It frequently happened that a litter would be normal in 
appearance at birth, but a considerable number of the pigs would grad
ually become weaker, and die with no apparent cause. With almost no 
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exceptions the stomachs were well filled with milk, so it seemed possible 
that the pigs were dying because their food was qualitatively inadequate. 

Additional support may be found in the recent experience of Prof. 
L.A. Weaver14, who has charge of the Station herd. These animals have 
limited range during the winter, and as it is over-stocked it is of rather 
poor quality. During the period included in Table 15 approximately 
three-fourths of the sows had produced one or more .litters. The 
others were farrowing their first litters. As a protection from intestinal 
parasites the sows are brought to a central swine barn about a week 
before they are expected to farrow. The barn has a cement floor, and the 
pens are connected with outside lots paved with cement. During the 
w'inter of 1930-31, while the sows were still out on pasture, they received 
a ration consisting of 12 parts corn, 6 of shorts, 1.5 of tankage, and 0.5 
of linseed oil meal. To each 100 parts of this mixture, 5 of alfalfa meal 
and 1.5 of a mineral mixture were added. After farrowing, the ration 
was changed slightly by substituting 2 or 3 parts of bran for an equal 
amount of shorts. Other changes were made for short periods of time 
but will not be described here. 

The pigs were creep-fed from the time they were 3 weeks old, and 
in addition they were given a liberal allowance of skim milk. There was 
no provision for iron-containing supplements, and no special precautions 
to prevent anemia were taken. They were entirely normal in appearance 
and their weights, when weaned at 8 weeks, were the heaviest we have 
seen reported, when the exact age was stated. 

Professor Weaver's animals and ours received what seems to be practi
cally the same treatment during the stage of lactation, and this is re
garded as strong evidence that the experimental conditions were not 
primarily responsible for the unfavorable results we observed. Several 
explanations suggest themselves, but we are now acting on the hypothesis 
that the swine rations commonly used are inadequate in some respect. 
This deficiency is overcome if the animals have access to green vegeta
tion, and reserves are accumulated which may tide them over a period of 
several weeks. 

Are the Injurious Effects of the Experimental Rations Cumulative in 
Succeeding Generations? 

At the end of the year 1926-27 we had come to the conclusion that 
it is possible to rear pigs under the experimental conditions imposed, 
with some degree of success. Gilts weighing approximately 70 pounds 
had been placed in small pens with board floors, and kept there contin
uously until their litters were weaned. In the year 1926-27 a low calcium 
ration had proven fairly successful12 though the high calcium ration 
had been a practically complete failure. In view of this unexpected 
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result it seemed very desirable to determine whether one source of calcium 
might be better than others, so the primary object for the year 1927-28 
was a comparison of various sources of calcium. The animals were 
divided into 5 groups. One received the "adequate" ration, and the 
other four received rations that were identical except for the added 
mineral mixture. One mineral mixture was deficient in calcium, while the 
other three were well supplied with this element, in each case from 
a different source. We still wished to consider the adequacy of the 
organic constituents of the ration, so after the animals were well grown 
liver meal was introduced into the ration. Our brief experience the 
preceding summer had not been encouraging, but as it had worked well 
with laboratory animals we wished to give it a longer trial with swine. 
As this material is somewhat more expensive than the common protein 
concentrates it was not used until approximately the beginning of the 
stage of gestation, February 27, 1928. In our experience the liver meal 
again proved of no especial value, so late in lactation it was replaced 
with linseed meal in order to reduce the cost. 

There is one additional change in the ration that deserves some 
mention. The group receiving precipitated calcium carbonate as a source 
of calcium began reducing its feed consumption, and so its daily gains, 
about the first of March, 1928. It was also observed that the animals 
were almost constantly chewing on the iron wire of the pen. Beginning 
March 21 ferric oxide, one gram per pound of feed, was included in the 
ration of this group only. Following this the feed consumption and gains 
in weight of the group began to increase. No other group gave any 
evidence of an iron deficiency, and this is the only indication of the kind 
we have ever observed. However, Bohstedt and collaborators15 assert 
that under similar experimental conditions the rations of growing 
pigs were consistently improved by the inclusion of additional iron. 
During · the year 1928-29 the rations were analyzed for this element, 
and sows that received from 0.5 to 0.7 grams daily did as well as those 
that received 6 times that amount. 

Probably the most important sing.le factor which affected this 
year's results was the choice of animals. It proved difficult to secure 
pigs of suitable age and weight at the time they were wanted, so the 
most suitable gilts that had been reared in the series of 1926-27, were 
retained for use in 1927-28. This meant that the experimental conditions 
were imposed on a second generation, or on a third, if their offspring 
should survive, and it is believed that this fact partly accounts for the 
uniformly unfavorable results obtained with these animals. The more 
important data are presented in Tables 6, 7, and 8. 
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TABLE 6.- COMPOSITION 1 OF RATIONS USED IN 1927-28 

Ration AD2 

Corn __ _________ _________ 80 
Tankage __ ___ ___________ 10 
Linseed Oil MeaL ________ 3 
Liver MeaL _____________ 
Dried Buttermilk ___ __ ____ 
Alfalfa Meal__ ___________ 5 
Cod Liver Oil__ __________ 
Mineral Mixture5 ___ ____ __ 2 

1. Parts by weight. 
2. Beginning Oct. 5. 
5. In Ration AD this consisted of 

CaL and CaH 

l2 l!3 

76 75 

15 8 
8 

2 
3 5 
2 2 
2+ 2 + 

3. Beginning Feb. 27. 
4. Beginning July 12, 1928 

/ NaCl 1 
l CaCO 3 1 

III ' 

75 

16 

5 
2 
2 ± 

In Ration CaL this consisted of { NaCl 1.00 
Na2HPO,, 12H2O 0.35 
KH 2PO 4 0.35 
CaCO 3 (CaLA) Two sows received 

sufficient to make th~ total cal
cium of the ration 0. 18 percent. 
(CaL B) Two sows received 
sufficient to make the total cal
cium of the ration 0.27 per cent . 

The CaH sows were divided into three lots, according to the mineral mixture they 
received. In each mixture there was 0.5 lbs. of NaCl for each 98 lbs. of the organic 
constituents. Calcium compounds were then added to bring the total calcium 
content of the ration up to 0.75 per cent. The calcium supplements were CaCO 3, 
Caa(PO,l,, and bone ash. 

TABLE 7.- AVERAGE WEIGHTS OF ANIMALS AND OF FEED CONSUMED 1927-28 

I No. I Length I Initial I Final 

I 

Daily Daily Ca Dai~y P 
of of Period Weight Weight Ration Intake Intake 

Ration Sows days lbs. lbs. lbs. gms. gms. 

Growing Stage 
·CaL A 2 151 39 201 5.1 4.2 11. 8 
CaL B 2 160 47 224 4.2 5.6 11. 6 
AD 4 166 41 220 5.3 22.8 11.4 
·CaCO3 ___ 4 165 41 180 5.0 15. 1 8 .4 
Ca3(PO,l, 3 144 43 209 5. 1 16.6 15.8 
Bone Ash 4 149 44 204 5.1 18.5 16 .9 

Gestation Stage 
CaL A 2 113 201 . 306 6.0 5.4 15.9 
CaL B 2 115 224 353 6 .0 7.7 14 .1 
AD 4 113 220 347 5.8 28.7 15.8 
CaCO3 4 114 180 343 5.6 21.3 14.0 
Caa(PO,)2 3 113 209 385 6 .1 20.5 21.4 
Bone Ash 4 114 204 363 6. 1 23.6 20.5 

Lactation Stage 
CaL A 1 42 310 219 2.7 2.2 6.9 
CaL B 1 56 283 214 3.7 Ration cha nged, not 

calcu lated 
AD 4 56 319 272 4.5 18.9 10.8 
CaCO3 4 47 306 247 Ration cha nged, not calculated 
Ca 3(PO,l, 3 51 344 289 4.1 19.9 11. 9 
Bone Ash 3 40 327 210 3.8 18.3 12.8 
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TABLE 8.- RECORD OF Pws AT FARROWING AND AT WEANING 1927-28 

' Pigs farrowed Pigs weaned 

Avg. No. Avg. Weights Avg. 
per litter (in pounds) Weight 

No. of No. of Avg. No. per pig 
Ration litters Alive Dead Ali ve Dead Ii tters per Ii tter lbs. 

CaLA 2 4 3 . 5 2 .4 I. 9 1 3 12.2 
CaLB' 2 5 6 2.9 2.5 1 7 10.5 
AD 4 6.2 1 3 .0 1.9 4 3 .75 15 .0 
CaCO, 4 8ds 0.25 2 . 5 1.0 4 6. 75 12. 1 
Ca,(PO,)2 3 7 . 6 0 .66 3.1 2.2 3 5.0 15.0 
Bone Ash 4 8. 7 0.25 2.7 2 . 3 3 7 .3 12. 7 

CaLA 
Sow 57H . Farrowed 6-10-28, sow si ck at the time. All pigs dead on the following 

day, except one. It was transferred to another sow and survived. Sow improving 
7-12-28, still in bad condition. 

Sow SH. Farrowed 7-8-28. Sow secreted insufficient milk, litter weaned 8-1 8-28 

CaLB 
Sow 73H. Farrowed 7-4-28. Sow expelled 4 pigs without assistance. The 

veterinarian removed 8 more. All dead. Placenta dark in color, offensive odor. 

Adequate 
Sow 18H. Farrowed 7-10-28. Near end of lactation sow chews on boards of her 

pen. 
CaCO3 

Sow 64D. F arrowed 7-14-28. Placed in a small bluegrass plot 7-30-28. Practi
cally all grass gone in 2 weeks. Rooted up the ground badly. Average weight of 
litter at weaning, 19.8 lbs. 

Sow 34H. Farrowed 8-28-29. Litter weaned 10-8-28. Sow eats poorly, spends 
much time chewing boards of pen. 

Ca, (PO,h 
Sow 24H. Farrowed 6-10-28. Secreted little milk, litter weaned 7-21. Sow in 

good condition. 
Bone Ash 

Sow 83D. Farrowed 6-10-28 . Secreted little milk, litter weaned 7-21. 
Sow 44H. Farrowed 7-1-28 . On 7-7-28 pigs sick, very thirsty. When about 10 

days old, 4 pigs became blind, their noses were hot and encrusted. By 7-14-28, the 
entire litter had died. 

Sow 54H. Farrowed 7-13-28. Litter weaned 8-18-28. Sow still secreted some 
milk, but udder badly caked. 

The results this year were in many respects the most disappointing 
we have observed at any time, and are interpretated as an indication that 
the ration was inadequate. This interpretation is supported by the 
reports of Martin1 and of Davidson4• Most of the pigs grew fairly well 
for about two weeks, and after that time they grew more and more 
slowly, with every evidence of lack of thrift. The milk secreted by the 
mothers may possibly have been unsuitable in some respect, but there 
seemed no doubt that it was deficient in quantity. Within 3 or 4 weeks 
after farrowing the sow's udder had decreased greatly in size, and the 
behavior of the pigs indica ted that they were constantly hungry. The 
lack of food is of course reflected in the low weaning weights. 
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There were four sows on a ration deficient in calcium. The ration 
of two of these contained almost exactly 0.18 per cent calcium, while 
the ration of the other two contained almost exactly 50 per cent more, 
0.27 per cent. The behavior of the two groups was almost identical. 
·The animals were never noticeably lame, and except for brief periods 
they were entirely normal in appearance. With such a small group the 
significance of the farrowing records is somewhat reduced. However, 
one animal on the ration CaLA was quite sick at; farrowing time, and 
of the 11 pigs 7 were dead at birth. Three of the others died within a 
day or two and the fourth was transferred to another sow because of the 
mother's condition. 

One sow on the CaLB ration produced a litter of 12 dead pigs. 
She was able to expel only four of these, and the others were removed 
with instruments. The sow died a few minutes after the operation. 
The other two sows brought their litters to weights not much inferior 
to those that received more calcium. 

There were some differences in the weaning weights of the pigs 
receiving different calcium supplements, but there were also differences 
in the average number of pigs per litter. In view of the small number of 
sows in a group there is little evidence to indicate any great difference 
in the value of the calcium supplements. It would seem then that this 
year's work leaves unanswered the question as to why the high calcium 
rations of the two previous years12 had been so unsatisfactory. The high 
calcium rations of subsequent years gave no indication of being injurious 
so it is assumed that the earlier mineral mixtures were improperly con
stituted, or contained some injurious impurity. It seems clear it was not 
due to the quantity of calcium consumed, or to the Ca:P ratio. 

Aside from the weaning weights of the pigs there were other indi
cations of failure. Possibly the most important of these was the failure 
of the mothers to consume sufficient feed during the stage of lactation, 
as shown in Table 7. As a matter of fact the situation was somewhat 
more serious than the average consumption would indicate, as the 
diminished feed intake was progressive. The weights of the pigs are, 
of course, closely correlated with the amount of feed consumed by the 
mother. As an average example we are giving below some of the in
dividual data applying to Sow 83, receiving bone ash as a calcium sup
plement, and to Sow 24, receiving calcium phosphate. These animals 
farrowed on the same day, June 10, and both litters were weaned at 6 
weeks because the flow of milk was negligible. 

In regard to Sow 83, one of the most striking points is the rapid and 
extreme loss in weight, accompanied by a greatly diminished feed 
consumption. As a matter of fact the sow actually consumed much less 
than the table indicates, for during the last two or three weeks most of 
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the ration was eaten by the pigs. During the last week the sow ate 
practically nothing, and the flow of milk must have been very scanty. 

The response of Sow 24, Ca3(P04)2 which also farrowed on June 
10, under similar circumstances, was different in one respect, she con
tinuously consumed her feed readily, and lost practically no weight. 
It may be significant, in regard to the adequacy of the diet, that the 
flow of milk was still scanty, and the litter was weaned at 41 days, in a 
very unthrifty condition. Individual records of these two animals are 
given in Table 9. 

TABLE 9.-TYPICAL INDIVIDUAL FEED AND WEIGHT RECORDS (1927-28) 

Time after farrowing, days 0 9 16 23 30 37 41 
- - ----------- -

Weight of 1 No. 83 360 328 287 253 237 201 202 
Sow, lbs. No. 24 379 357 340 340 352 355 355 

------------
Avg. Daily Ration i No. 83 6 .0 6.0 5.0 4.8 3.7 3 . 5 
Preceding week lbs. No. 24 6 .0 6 .0 5.4 5.0 5.3 7 .0 

------------
Age of pigs days ___ _______ ____ 0 7 14 21 28 35 41 

------- - - - - -
Avg. Weight of pigs, JNo. 83" 2.3 5 .1 7 .5 9.9 11.4 12.4 14.0 
lbs. No. 24b 2.7 4.5 6 .0 5.6 5.8 5.5 5.3 

a. Average of 10 pigs. 
b. Average of 7 pigs. 

In addition to the general unthrifty appearance previously noted, 
some of the pigs gave evidence of a more specific ailment. Roughened 
skins were frequently observed, but were not regarded as significant 
apart from general lack of thrift. In a few instances there were mild 
lesions of the skin, at first ascribed to parasites, but the crude oil treat
ment commonly applied in such cases was ineffective. The most serious 
cases were in litters of Sow 5, Ration CaLA, and of Sow 54 which re
ceived bone ash. No. 5 farrowed July 8, and No. 54 farrowed July 13. 
On August 12, 1928, it was noticed that spots were appearing on the 
legs, especially on the less exposed skin on the inside of the thighs. These 
first appeared as reddish spots, .and later turned to a scab like formation, 
usually with cracks that exposed a raw surface beneath. By August 17 
the area had spread until practically the whole body was covered. The 
members of the Veterinary Department were unable to find parasites 
that could account for the skin condition, and reported that it was new 
in their experience. Treatment with crude oil was ineffective, and it 
seemed possible the lesions were due to some deficiency in the diet. 
Photographs of two affected animals are shown in Figs. 1 and 2. 
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Figs. 1 and 2.-Typica l examples of the lesions that appeared on aome 
of the pigs. These cases were especially numerous in the year 1927-28. 
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Do Brood Sows Require Exercise? 
During the years 1924-2612 none of the pigs at weaning time had 

reached what are commonly regarded as normal weaning weights and 
since it is commonly believed that breeding animals should be allowed 
abundant exercise it was decided to make a study of that factor. In 
the year 1926-27 the animals were divided into two groups, one of which 
was forced to walk up and down a long hallway each day. As the sows 
became heavier, and some of them were well advanced in gestation, the 
distance was reduced. As is shown in Table 10, the sows that received the 
forced exercise did not have appreciably better farrowing or weaning 
records than the others. There is no intention of disparaging the bene
ficial effects of exercise, but it does not seem that lack of exercise can 
account for any of the unfavorable results obtained. 

TABLE 10.-ExERCISE1 FOR BROOD Sows 

Pigs farrowed Pigs weaned 

No. of Alive Dead No. of No. pigs Wt. per Total Wt. 
Ii tters per litter per litter Ii tters per litter pig, lbs. lbs. 

Exercise 6 8 0.33 6 5.5 20.2 665.7 
No Exercise 7 8 1. 14 7 5.7 18.8 752.7 

1. Beginning September JO, 1926, walked a mile each day. This was decreased 
to ¾ mile on March 26, 1927, to ¾ mile on Apri l 26, and discontinued entirely on 
June 30. The first litter was farrowed April 26, 1927, and the last on August 4. 

The Relation of Anemia to Failures During Lactation 
It has been pointed out7 10 that if suckling pigs do not have access 

to the soil they will develop anemia. The milk of sows as of other ani
mals is deficient in iron and unless this element is provided from some 
supplementary source the iron reserves are depleted and there is failure 
in the manufacture of hemoglobin. Most of our animals have been 
maintained continuously on wooden or cement floors, and under such 
housing conditions the blood of all pigs probably becomes deficient in 
hemoglobin. In the year 1927-28 ferric oxide had been fed to some of the 
sows, and in the following year the same material was administered to 
some of the pigs, but the results were not encouraging. In the meantime 
Hart and coworkers10 had shown that ferric oxide is less effective than 
soluble compounds in preventing anemia. In the year 1929-30 therefore, 
a more intensive effort was made to determine whether anemia was 
responsible for the poor growth rate, and the other unfavorable symptoms 
of the pigs. Some of the individuals in various litters received daily 5 cc. 
of a 1.5 per cent solution of ferrous sulphate, while their littermates, as 
controls, received none. Hemoglobin was estimated with a Dare hemo
globinometer, and readings were taken at intervals of one or two weeks. 
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A summary of our observations on growth and on hemoglobin forma tion 
is shown in Table 11 and Fig. 3. 
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F ig. 3.-lf the pi gs have free access to solid foo d they recover sponta neously from anemi a between 
the 4t h and 6th wee k. M ode rate anemi a during a short period had lit tle or no effec t on t he rate of growth . 
Th e group numbers corres pond with the ra t ion numbers , T able 2. Excep t for t he gree n food co nsumed, 
Gro up IV rec eived the sam e ratio n as Group I. 

Although the anemia was promptly relieved by administering the 
iron salt no positive evidence was obtained that this affected the rate 
of growth. Unques tionably severe anemia should be prevented, but the 
data indicate that this precaution alone will not make it possible to rear 
normal pigs in confinement . 

TAB LE 11.- LIVE WEIGHT AND ANEMIA OF Pros As AFFECTED BY THE ADMINISTRATION OF IRON 

Sow No., and Group 4 (I) 39 (I) 6 (2) 36 (2) 44 (3) 14 (3) 
----------------------

No No No No No No 
Iron Iron Iron Iro n Iron Iron Iron Iron Iron Iron Iron Iron 

No. of pigs 5 4 4 5 4 4 4 3 5 5 5 5 
--- - ----------- - -------r •·,. 18 9 13 24 14 14 
--- - - ----- - ------------

Init ial Avg. Wt. lbs . 7. 8 7 . 7 5 . 1 5 . 4 5. 3 6.9 7 .0 8.0 4 .9 5. 3 5.8 7. 4 
-------------- - - ------------

Avg. per cent 
hemoglobin 65 75 65 40 60 54 56 62 41 51 58 49 

---------- ---- ---------r •·,. 51 49 53 50 54 54 
-------- - - - ----- - ----

Final Avg. Wt. lbs. 12 . 3 I I. I 27 .6 23' . 2 23. 5 29.4 23 .4 26 .0 17 .5 18 . 1 16 .6 24 . 8 
- - --- - --· ----------------L Avg. per cent 

hemoglobi n 93 84 85 110 90 101 86 93 73 95 93 94 
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The Calcium : Phosphorus Ratio 
In view of the very great importance that has been attached in 

recent years to the calcium:phosphorus ratio, it seemed desirable to 
determine whether our data contained any evidence bearing on the 
significance of this relationship. Accordingly the ratio of calcium to 
phosphorus in the rations of various groups, including those described 
in another publication12, has been calculated and compared with the 
lactation records. It seemed that the stage of gestation would be most 
important for our purpose, and the ratios were calculated from the miner
al analyses of that period. As a matter of fact, however, the ratios of 
other periods would be very similar to those calculated. The more 
significant data are summarized in Table 12. 

TABLE 12.- RELATION OF CALCIUM: PHOS PHORUS RATIO TO SUCCESS IN 

LACTATION 

Daily Ca Weaning 
Ca-P Intake Weight 

Ration Year Ratio gms. lbs. 

1924-25 1 :0.44 60.1 24.1 
AD 1925-26 1 :0.56 37.9 19.8 

1926-27 1 :2.57 8.6 20.3 
CaL 1928-29 1 :3.23 4.8 20.4 

1925-26 1 :1.34 11. 5 None survi ved 
CaH 1926-27 1 :0.60 36 .8 16 .41 

CaLA 1 :2.94 5.4 12.2 
CaLB 1: I. 83 7 .7 10.5 
AD 1927-28 1 :0.55 28.7 15.0 
CaCO3 1 :0.66 21.3 12.1 
Ca3PO, 1:1.04 20.5 15.0 
Bone Ash 1 :0.87 23.6 12.7 

I. Basal 1 :0.65 16.4 17.6 
5. Fe+Complex Salts _ 1928-29 1 :0.53 20.6 24.7 
7. Fe 1 :0.50 22.0 26.3 

2. Basal 1 :0.67 31.3 20.8 
3. Basal+P 1929-30 1 :0.62 50.7 22.5 
4. Basal+P+V 1:0.68 38 .9 21. 7 

I. Of the 4 sows that reared litters, 3 were changed to the low calcium ration 
early in lactation. 

No evidence was obtained that the response of the sows during 
lactation was affected by the Ca:P ratio, so extended discussion is 
unnecessary. In some cases the quantity of phosphorus consumed was 
approximately half that of the calcium intake. In others the intake of 
phosphorus was three times that of calcium, but there was no indication 
that one ratio is more desirable than another. According to Bethke 
and coworkers16 the most favorable Ca:P ratio is beteen 1 :1 and 2:1. 
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The quantity of calcium consumed daily is also of some interest, 
so is reproduced in Table 12. The amount varied from about 5 to 60 
grams, and except in the lower ranges, no special significance is attached 
to these variations. 

Are Swine Subject to Scurvy? 
It is commonly stated that pigs do not require the antiscorbutic 

vitamin, though there is little published evidence to support such a belief. 
It seemed desirable, therejore, to re-examine this possibility, especially 
since Plimmer's5 observations indicated that pigs develop symptoms 
of scurvy. 

During the year 1926-2712 the sows were divided into two groups, 
one receiving a high the other a low calcium ration. The fact was not 
mentioned in the description but each of these groups was divided into 
two sub-groups, and one sub-group on each ration was given a vitamin C 
carrier. This consisted of the juice of one orange for each sow daily, 
beginning Sept. 19, 1926, and was administered until the sows had 
weaned their litters or had lost them. In Table 13 the farrowing records 
are summarized so as to show what affect, if any, the orange juice may 
have had. 

TABLE 13.- LITTER RECORDS AS AFFECTED BY THE FEEDING OF ORANGE JUICE 

Pigs farrowed Pigs weaned 

Alive Dead 
No. of 
Sows Weight Weight Weight 
and No. per per pig No. per per pig No. of Pigs per per pig 

Group Ii tter lbs. litter lbs. litters Ii tter lbs. 

Orange Juice 
5 CaL I 8 .4 2.7 0.6 2 . 4 5 5.8 23.0 
8 CaH 6.6 2.5 1.0 I. 7 31, 4. 7 16.8 

No Orange Juice 
4 CaL I 6.0 2.7 1. 8 

I 
2 . 1 4 5.0 24.5 

6 CaH 8.0 2.3 2.5 2.2 l2 2.0 15.2 

I. Of the three sows that weaned their Ii tters, two were transferred to the low 
calcium ration immediately after farrowing (see Table 14). 

2. The sow that weaned this litter was transferred to the low calcium ration 
on the 4th day after farrowing (see Table 14). 

The objection might be raised that the amount of orange juice 
supplied was insufficient, and possibly it is valid. The pulp and juice 
were removed quite thoroughly, and the total volume of one orange 
amounted to between 60 and 75 cc. per orange. Wiltshire17 reported that 
in a group of men suffering from scurvy, 53 per cent of them had re
covered in 4 weeks, when they received 4 ounces of lemon juice daily. 
According to Harden and Zilva18 the minimum protective dose of orange 
juice for monkeys is between 1 and 2 cc. per day. One might estimate 
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from their data that for each three pounds of live weight the monkey 
requires 1 cc. of orange juice daily. These reports suggest that if the sows 
were affected by scurvy, and if their requirement for the antiscorbutic 
is as high as that of the monkey or man, still the juice of one orange daily 
should have afforded· some relief. As a matter of fact it seems certain 
that if swine require vitamin C at all the requirement must be of a low 
order. In some cases sows have been maintained in a reasonable state of 
health for approximately one year on rations that quickly produce 
scurvy in guinea pigs. They have also reared litters on these rations 
and the young never exhibited distinct scorbutic symptoms, though in 
many instances they did develop symptoms which may be due to a 
deficiency disease. Inasmuch as the term, vitamin B, as formerly used 
probably includes 3 or more distinct vitamins, it may be that one of these 
was responsible for the remarkable improvement observed by Plimmer'' 
when pigs were given the juice of swedes (rutabagas). 

It will also be recalled that in the year 1929-30, a group of sows 
was fed cabbage for a considerable period, approximately 1 pound daily 
for each animal. This supplement also was of negligible value. Our data 
may not provide conclusive evidence that swine are insusceptible to 
scurvy, but it was concluded that under our experimental conditions 
this disease is of Ji ttle or no significance. 

Sunlight in Relation to Swine Production 

When our investigations on brood sows were first started all animals 
were quartered until farrowing time in cots, connected with pens which 
were exposed to direct sunlight. In December, 1928, however, space 
became available in a barn and the old quarters were abandoned. The 
results obtained that year compared very favorably with those obtained 
earlier, and this seemed to indicate that the animals were not adversely 
affected by indoor confinement. 

This point had been considered previously in connection with 
the response of the pigs during lactation. At various times when litters 
were doing badly, some had been removed from the farrowing barn 
to the outdoor pens, and allowed to remain until weaned. In no case 
had there been any indication that direct sunlight had brought about 
any improvement, and it seemed improbable that the indoor quarters 
were a factor of any consequence under our experimental conditions. It 
seemed desirable, however, to study this problem more closely, so in the 
year 1929-30 the animals on each ration were divided into two groups. 
One was kept constantly inside the barn, with practically no exposure 
to direct sunlight, and the other was given access to small outside run
ways with a southern exposure. As explained previously these animals 
were subdivided so as to compare the effect of rations on reproduction. 
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Three different rations were used, and on each one there were four 
animals, two of which were freely exposed to sunlight, and two of which 
were deprived of direct sunlight. The averages of the two groups are 
given in Table 14. It was concluded that the differences were too slight 
to be significant. Mathews, Doyle, and Whiting19 have reported that 
exposure to ultraviolet rays has no marked effect on the percentage of 
hemoglobin in the blood of pigs. 

TABLE 14.-SWINE PRODUCTION AS AFFECTED BY SUNLIGHT 

Pigs farrowe d Pigs weaned 

Alive Dead 

Weig~t Weight Weight 
No. per per pig No. per per pig No. of Pigs per per pig 
Ii tter lbs. Ii tter lbs. Ii tters Ii tter lbs. 

Sunlight 8.7 2.6 0.7 2.4 5 7 23.8 
No sun-

light 10.0 2.6 0.7 2.8 6 8 20.1 

Comparative Weaning Weights of Pigs 
Standards of growth for swine are far from complete, so we have 

had some doubt as to what are optimum, or even normal weaning 
weights of pigs. It seemed necessary to have more definite information, 
so such data on this point as were available have been summarized in 
Table 15. It should be mentioned that the table is not strictly accurate 
in all respects. For example in computing the number of pigs born per 

TABLE 15.-CoLLECTED DATA ON WEANING WEIGHTS OF Prns 

No. of pigs per litter 
Age at Weight per pig 

At birth At weaning weaning, days at weaning, lbs. Source of data 

10.1 6. 1 56 23.2 H 9.5 4.8 56 26.3 (21) 
9 .4 6.5 49 20. 9 control 

group (10) 
8.0 5.0 49 14 .2 CaL ~ 
7.8 6.0 49 22.4 CaH (9) 
8 .7 8.0 

15 '} 8.7 7.0 19.6 (2) 
7 .3 0.0 
9.3 9.9 14.0 
6 .5 6.2 71 35. 7 self fed ~ (22) 
7.1 6.9 76.2 32. 6 hand fed 
8.8 6.2 56 29.5 1930~ 

10.4 7 .5 56 32.6 1931 (16) 
8.9 6.4 70 29.0 No. I~ 
9 .1 7.6 70 40.8 No. I (23) 
7.4 4.7 38 .7 

~I 1 7.8 4.3 56-63 33.0 ( 4) 
10.2 5.2 29.7 III r 7.6 2.9 34.8 IV 
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litter, it was not possible in all cases to determine whether pigs dead at 
birth were included in the original report. A similar difficulty was met 
when a sow lost all her pigs during lactation, and this made it difficult to 
estimate the true mortality. 

The propriety of using some of the data for the establishment of 
normal weaning weights is also questionable. In some cases the original 
object was to compare rations, or make some other experimental study, 
thus introducing restrictions that prevented optimum results. Differ
ences due to breed or type have been neglected entirely, but it seems 
that under favorable conditions pigs should weigh 30 pounds or more at 
8 weeks. 

SUMMARY 

1. Female pigs were placed on floors of wood or cement at weights of 50 
to 100 lbs., and kept there continuously until they had weaned or 
lost their first litters. Their rations consisted for the greater part 
of the commonly used feedstuffs, but included no green forage. 
Their litters were not thrifty in appearance when weaned, and the 
weaning weigh ts were subnormal. 

2. The subnormal condition of the pigs at weaning is interpreted as an 
indication that the concentrates commonly employed in swine 
rations even if supplemented with small quantities (5 per cent) of 
alfalfa meal, are inadequate for swine over long periods of time. 

3. In one instance some of the pigs weaned were used for study the 
following year, so if their progeny are included 3 generations were 
subjected to experimental conditions. This 3rd generation was very 
inferior, and indicates that the unfavorable effects of the experi
mental procedure are cumulative. 

4. No evidence was obtained that the unfavorable effects observed 
were due to a lack of exercise, sunlight, or vitamin C. 

5. Special precautions to prevent anemia had no apparent effect on 
the rate of growth or the appearance of the pigs. 

6. The failure in lactation could not be attributed to the Ca:P ratio. 

7. Under favorable conditions pigs will weigh 30 lbs. or more at 8 
weeks. 
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