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INTRODUCTI~ 

In recent years there has been increased concern over the loss of 

livestock, particularly beef cattle , from causes which are unknown but 

which appear to be associated with faulty nutrition. Examples of dis= 

orders 0 frequently reported by livestock producers in their requests 

fo r information about the underlying cause 0 are digestive distrubances 0 

reproductive troubles 0 unthriftiness and lowered milk production. In 

several instances, these disorders have been associated with cattle 

grazing pastures that were heavily fertilized. 

The prevailing tendency is to measure plant response to soil 

treatment in tenns of yield per acre , rather than in tenns of animal 

health ; and few investigators have thoroughly studied the possible modi= 

fications which may occur in the composition of the plant following heavy 

fertilization. 

The fact that the composition of the plant may be modified. by the 

use of fertilizer was apparent from the earliest soil fertility studies. 

Most workers have studied the effect of fertilizers on protein 0 dry mat= 

ter and the major elements in the plant. However, recent research indi= 

cates that heavy fertilization may lower some of the minor elements in 

the plant to a deficiency level 0 or may rai se others to a toxic level . 

The improvement of the soil has been 0 and will continue to be, of 

great importance in animal nutrition and health by providing higher 

yields of feed required for a more intensive type of livestock produc= 

tion and a growing livestock population. However, the quality of the 
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produc t produced by fertilization should also be considered. The qua li,= 

ty as well as the quantity of fot·age should be improved when fe r t ilizer s 

are applied to the soil. This possible change in quality of fo r age r ep

:resents a:n area deser ving of further research of a sound 0 long=, time 

nature. 



REVIEW OF LITERATURE 

Effects of Fertilization on Composition 

of the Plant 

As pointed out by Beeson (1946)v the mineral composition of plants 

is a function of many factorsv such as climate. rainfall and use of fer= 

tilizers. Plant composition is the end result of a number of pro©esses. 

many of which are controlled by environmental factors. 

Beeson (1945) stated that plant and animal diseases caused by min= 

eral deficiencies are more frequently associated with liming practices 

than with any other factoro 

Matrone et alo (1949) have reported that rations of raw soybeans 

and soybean hay produced on unfertilized land and on land fertilized 

with phosphate were equally digestible and produced similar gains in 

lambso However. when cerelose replaced the soybeans in the rat.ion, lambs 

fed the fertilized hay made significantly greater gains than those fed 

the unfertilized hay. Matrone and associates (1954) fed a diet contain= 

ing 76 percent fertilized or unfertilized soybean forage to :rabbits. The 

rabbits fed the undertilized forage made smaller weight gainso had a low= 

er level of inorganic phosphorus.in the blood serumv and their bones 

showed greater fragility than did :rabbi ts of the fertilized group. How= 

ever9 when monocalicum phosphate was added to both :rationso the unfe:r= 

tilized g·roup made the greater gainso 

Vandecaveye (1940) pointed out that certain soils produced forages 

of better feeding quality than othe:rs 0 and that livestock producers made 
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use of this knowledge long before much had been learned about the chem= 

ical composition of cropso or the nutritive elements responsible for su= 

perior feeding quality. Vardecaveye and Baker (1944) stated that certain 

forage crops were more responsive to fertilizers than others9 and that 

pasture herbage proved to be the most ·responsive. 

Blaser and Stokes (1942) and Blaser et al. (1942) in Florida show= 

ed that the addition of calcium0 phosphorus and potassium to soils defi= 

cient i:n these elements resulted in significant increases in cafoiumo 

phospho:rus 0 potassium and protein in the plantw and also in yield of the 

plant. Brown and Hollowell (1940) stated that superphosphate applied 

as a fertilizer usually increased the calcium content of grasses or leg= 

umes. 

Phosphate fertilizers become tied..,up in calcareous soil as insolu= 

ble tricalcium phosphate; howeverv it requires about ·3 years for 

this to take place.. Hinkle (1942) reported that fertilization of al= 

falfa and sweet colver with phosphates significantly increased the phos= 

phorus content of the hay 0 the fe:irtilized hay containillgo on ·an ave:rageo 

about one=third more phosphorus than the unfertilized hay. 

Fraps and co=wo:rkers (1943) :reported that superphosphate greatly 

increased the yeildo and the protein, phosphorus and caleium content of 

mixed forage consisting of Dallis grass 0 lespedezao white clover and 

black medic, and of carpet grass. Lime alone increased yields 45 to 53 

percent and also increased the protei:n 0 phosphorus and calcium content 

of the mixed forage and carpet grass. 

Working with Austrian winter peas and common veteh 0 Davis and Brewer 

(1940) have shown that liming low=calcium soils enables plants to utilize 

larger quantities of phosphorus supplied by application of superphosphate. 
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Lime alone produced an increase in the calcium content of the forage 

only o while lime applied with superphosphate produced an increase in 

calciumi phosphorus and protein of the forage. 

When dairy cows were fed rations grown entirely on depleted or 

heavily fertilized soils O Dexter et al~ (1950) and Duncan et al. (1952) 

could find no difference i~ amino acid content of colostrum or termi= 

nal milk of the cows. 

Many facto:rs such as soil typeo pfl and climatic eondi tiol!ls modify 

the effect that fertilize:rs may have on the plant. I!ll gene:ralo lim= 

ing the soil will result in a higher comcentration of calcium in the 

plant and will aid in the utilization of phosphoruso The application 

of phosphorus may or may not increase the phosphorus content of the 

forage 0 but when lime and phosphorus are applied togetherv the result 

is usually an increase in the calciumv phosphorus and protein content 

of the forage. 

Effect of Fertilization on Minor Mineral Elements 

in Plants and on the Health of 

Livestock Consuming the Plants 

Most of the experiments dealing with fertilization have been con= 

cerned with increasing the yield of forage per acre. Although yield 

per acre is of the utmost irnportanceo serious complications may de= 

velop if an intensive fertilization program is instituted without giv= 

i:ng suffident attention to its effe©t on the composition of the plant. 

To be of the most benefit 0 fertilizers should increase both the yield 

and the mit:ri tiolllal quality of the forage. 

According to Beeson (1941v 1946) l.iming practices and intems:ive 
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fertilization in most cases exert a depressing effect on the availabil= 

ity of micronutrients suth as borono manganese 0 iron and cobalto Beeson 

and co=workers (1944) state that greatly increasing yields through heavy 

fertilization. may rapidly deplete the soil of micronutrients when they 

are present in subnormal quantities. Improvement of the over-all nu= 

tritional quality of forage through fertilization may be limited under 

some conditions unless attention is given to micronutrients as well as 

to calciumo phosphorus and p:roteino 

Plumlee and associates (1953) in studies with identfoal twin calves 

have shown that the addition of a trace mineral supplement consisting 

of magnesium, mangamese 0 cobalto copper, iron,, and zinc to a :ration of 

corn cobs and Purdue Cattle Supplement A resulted in lower daily gains 

and feed consumpti<mo When magnesium alo:neo magnesium and iroxi9 or a 

combilmatio:n of magnesiumo i:ro:n and manganese were excluded from the , 

supplement the same results were obtained as when the complete trace 

mineral mix was fed. 

Keener et al. (1954) and Lyford (1945) o working in New Hampshire 

with dairy cattle 0 reported that the cobalt content of forage may be 

reduced to a deficiency level in heavy yields of forage resulting from 

the use of chemical fertilizerso as well as poultry manure. 

Keener and associates (1953) reported that dairy heifers fed tim= 

othy and ladin0=brome hays grown under intensive fertilization, and 

supplemented with a low=mineral grain mixture 0 developed marked cobalt 

deficiency symptoms in about 6 months. After this co:ndi tion was cor= 

rected by cobalt supplementation 0 symptoms of i:ron 0 copper and iodine 

deficiency appeared. Keener (1953) stated that excessive liming may 

reduce the amount of certain trace elements in forage crops. He also 
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reported that pulverized limestone (100 gm. per head per day) fed to 

dairy heifers as a supplement to grass silage depressed the digestibil= 

ity of both protein and energy. 

Blueker (1953) amd Swader (1955) could not show consistemt decreas= 

es in weight gains or weaning weight of calves from adding as much as 

500 ppm. manganese to the daily ration of beef cows. 

Working in Australia with sheepu Dick and Bull (1945) reported 

that the addition of 10 or 100 mg. of molybdenum per day to a ration 

containing equal parts of oat and alfalfa hay decreased the copper con= 

centration in the liver of ewes. Feeding a copper supplement failed 

to correct the condition. 

Dick (1952) fed rations tontaining varying amounts of alfalfa and 

oat hay to several groups of sheep. The copper intake was adjusted to 

15 mg. per day and the molybdenum intake was adjusted to 10.7 mg. per 

day for all groups. There was only a slight rise in the coppe:r coll'ltent 

of the livers in the group which consumed ody alfalfao but from group 

to group. there was a constantly greater amount of copper stored in the 

liver as the proportion of oat hay ill'!. the ration was increased. The 

author postulated that there was a fa©tor (s) present im alfalfa that 

dec.reased the storage of copper in the liver, and that molybdenum was 

not entirely responsible for the low liver stores. 

Bull (1953) worked wit~ sheep fed rations of alfalfa amd oat hay. 

A control lot received oat hay without the addition of copper or molyb= 

denum. The copper intake of these animals was 2.9 mg. pe:r day. an 

amount considered to be inadequate. However. there was a rise from 370 

ppm. to 417 ppmo in the mean copper concentration in the liver of the 

control lot during the experiment. The copper and molybdenum int:ake 
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of the other lots of sheep w:as adjusted to 10 mg. of each daily. In 

the lot receiving only alfalfa, the mean copper concentratiom in the 

liver fell from 374 ppm. to 260 ppm; whereas, in the lot :receiving oat 

hay~ there was a rise from 358 ppm. to 796 ppm. 

Russell (1944) i:n England pointed out that in ij0teartw pasture.s in 

that country, the forage contains an excess of molybdenum. The admin

istration of copper sulfate is a cure for the condition which develops 

in cattle on ~0teare0 pastures even though the copper eon.tent of the fo:r= 

age is well above the defi©iemcy level. Applicatio~s of sulfate of am~ 

monia increased the yield and reduced the molybdenum content of the 

forage in proportion to the increased yield. The total amount of mo= 

lybdenum absorbed from the soil was not decreased. 

McLeam and to=wo:rkers (1943), using Chinchilla rabbits as expe:ri= 

mental animals 0 found that alfalfa grown on soil with an excess of cal= 

cium or phosphorus, and soybeans grown on soil made deficient in potas= 

sium through excessive limimg, have a lower nutritive value than those 

grown on untreated soil. 

Price et al. (1951) at the Virginia station found that, in general, 

liming depressed the cobalt, copper, manganese and zinc contemt of for= 

age. A complete fertilizer increased the amoµnt of cobalt and manganese 

in forage. 

Barshad (1948) stated that molybdenum is highly soluble in alka= 

line soils and that legumes tend to absorb more molybdenum than non= 

legumes. Legumes grown on soils that contained from 1.5 to 5 ppm. mo= 

lybdenum may contai:n 10 ppm. o:r more of this element. The author be= 

lieved that :rations containing 10 ppm. molybdel!lum were toxic to cattle. 

Robinson and associates (1951) reported that the molybdenum content 
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of alfalfao crimson clover and Austrian winter peas grown on acid soils 

high in molybdenum may be increased by heavy limingo and on some soils 

to the point where crops are toxic to cattle. 

Bear et al. (1951) stated that liming an acid soil increased the 

supply of calcium and magnesium and increased the availability of soil 

phosphorus and molybdenum. 

As stated before 0 many factors act to modify the effect that fer= 

tilizers may have on the plant. However, in general 0 heavily limed 

soils usually result in depressed ©obalt, boron 0 irolll, manganese and 

zinc content of the plant. Heavily liming the soil will usually in= 
' 

crease the calcium0 magnesium and molybdenum content of the plant. 

Complete fertilizerso as a rule, do not have as great an altering ef= 

feet as lime on the micronutrient composition of plantso 

Studies with livestock have shown that the cobalt content of fio:r0 " 

age may be reduced to a deficiency level where high yields of forage 

result from the use of chemical fertilizers or poultry manure on certain 

soils.. Studies in Australia with sheepo indicate that molybdenum plus 

an unknown factor Cs) in alfalfa impairs the storage of copper in the 

liver. There is also evidente to indicate that heavily liming a~id 

soils of a high molybdenum content may lead to molybdenum toxicity in 

livestock. 



EXPERIMENTAL OBJECTIVES 

The purposes of this study were as follows: 

I To study the effect of heawy applications of chemical 

fertilizer on the health and :reproduction performance 

of beef cows. 

II To study the effeiet of heavy applications of chemi.ir:al 

fertilizer on the chemical composition of the forage 

produced. 

III To study the effect of forageo produced on heavily 

fertilized lando om the growth response of rabbits~ 

10 



PROCEDURE 

An experiment was initiated at the Fort Reno Experiment station 

to test the effect of increased amounts of fertilizer on pastures as 

they effect the health and reproductive performance of beef cows sub= 

sisting on forage grown on the area. 

Two 0 comparablea 57-acre plots of land were selected in the fall 

of 1950 for this experiment. During the summer of 1950, a crop of corn 

was produced _ on this land. It was plowed in September0 1950, and a 

seed bed prepared. Six soil samples were taken for analysis from each 

plot. In brief9 the analysis showed that the soil was basic~ had a 

high phosphorus content and contained a medium amount of potassium. 

Fertilizer was applied to one plot at a· rate commensurate with the re= 

commendations of the soils department of Oklahoma Agricultural and Me= 

chanical College. This plot received 100 lb. of superphosphate (analy= 

sis 0=33=0) per acre and was designated the 00co!ltroP0 plot. Limestone 

and .superphosphate were applied to the other plot, designated the 00fer= 

tilized00 plot, at a rate fiver, t.ime.s that :rec.ommeeded by the. soils. depart= 

ment. This plot -received 5 tons of agricultural limestone and 500 lb. 

of superphosphate per acre. In Februaryo 19530 another 1000 lb. of 
,, 

supei,pbosphate was applied to the fertilized plot 0 making a total of 

1500 Ibo per acre during the experiment. 

A seeding of alfalfa and brome grass was. made in late September. 

1950. The fall and winter season of 1950=51 proved to be very unfavJr= 

able for fall seeding. and a stand was not obtainedo Both areas were 

summer=fallowed in 19510 and a seeding was made in early September on 

11 
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approximately 35 acres of the fertilized plot with seed that remained 

from the previous seedingo The remaining 22 acres of this plot and the 

57 acres of the control plot were not seeded until late in September 

because of lack of seed. 

The early seeding on the fertilized plot was highly successful. 

However, the late seeding was not well established before an early freeze 

and cold weather in November ando as a result 0 was not as successful as 

the early seeding. Further seedings were made 0 but a stand sufficient 

to permit grazing was not established on the control plot until the 

summer of 1954. In both plots 0 the forage was predominantly alfalfa. 

On October 310 19510 20 two=year=old Hereford heifers were deliv= 

ered to Fort Reno from the Wilburton station in southeastern Oklahoma. 

They had previously been used in nutritional tests at Wilburton. All 

of the heifers had been fed the same basal winter ration and half of 

them received a trace mineral mix consisting of irono copper and co= 

halt. The other half had been fed only salt and bone meal as their 

mineral supplement. 

Upon arrival at Fort Renoo all heifers were wintered on wheat pas= 

ture and native grasso On April 70 1952 0 they were divided into two 

equal lots on the basis of body weight and calving record and were as= 

signed to their respective treatments at random. Four heifers that 

received trace minerals at Wilburton were assigned to Lot l, and the 

other six were assigned to Lot 2. 

According to the original plan, one lot of heifers was to graze 

the control pasture and the other lot the fertilized pasture during 

the grazing season. Sufficient hay was to be cut and baled during the 

summer from both pastures to provide winter feed for the heifers. The 



heifers were to be wintered in traps and fed the hay cut from their 

respective pastures 0 free choice. Salt was to be fed free choice with 

no other mineral supplemento 

Because of unfavorable weather conditions 0 sufficient forage was 

not available on the control pasture during the summers of 1952 and 

1953 to permit grazing; hence 0 the control lot (Lot 1) was summered on 

native grass. However, the control pasture did produce enough hay each 

year for the winter period. The fertilized lot (Lot 2) grazed their 

assigned pasture each summer from 1952 through 19540 

In the fall of 19520 six additional three=year=old heifers from 

the Lake Cafl Blackwell experimental range were added to Lot 2 to pro= 

vide a larger number of animals for observation. '!'hey were handled in 

.the same manner as the cows in Lot 2. In Julyo 19520 one cow in Lot 2 

died of bloat. In September0 19530 another cow in Lot 2 died of bloato 

and in the fall of 1954 a third cow was removed from this lot because 

of a pleural abscesso leaving a total of 13 cows in the fertilized 

lot. 

In Deeembero 19530 four cows with known production records in Lot 

1 were exchanged with a like number from Lot 2. Each cow (with one 

exception) had previously produced two calveso and the switch was made 

to compare their past performance with their performance on the oppo= 

site treatmento From May 1 to September lo of each year the cows of 

each lot were exposed to purebred Hereford bulls. 

All calves were weighed and tattooed at birth. They were castrat= 

ed and dehorned at about 6 weeks of age. The cattle were provided with 

rubbin~ posts and sprayed from two to four times a year to control 

horn flies 0 and were sprayed once a year for lice and two to four times 
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duriITTg the winter for grubs. 

Samples of forage from both pastures were collected for chemical 

analysis in April 0 1953; Aprilo 1954,and Julye 1954. Chemical deter= 

minations of major constituents were made in the Department of Agri= 

cultural Chemistry Research. Minor elements were determined by spec= 

trographic methods at the Ul!liversity of Florida. 

Growth studies with New Zealand white rabbits fed forage cut from 

both pastures at Fort Reno have been conducted at Stillwater., The 

second of two tests is in progress. 



RESULTS AND DISCUSSION 

Reproductive Perfo:rmance of the Cows 

The :results obtained on cow and calf performance 0 by years, are 

given in appendix Tables XI (1952) 0. XII (1953) and XIII (1954). A 

summary covering the essential data from each of these tables, is pre= 

sented im this discussion. 

Because of unfmrorable ~veathe:r con di timns at time of seedil!lg, the 

control pasture px'oduced no grazing and only emough forage for hay dux'b 

ing the will'lte:r period .for the first two years of the te$t. Therefore, 

the cows of Lot l were grazed on native grass pastures during the sum= 

mers 1952 and 1953. Sufficient forage was produced on the fertilized 

pasture to permit grazing during each summer, and furnished enough hay 

for the winter period each year. Both lots of cows were wintered each 

year in small traps and fed hay 0 f:ree=choice, cut from their respective 

pastures. Salt was available at all times, but no other supplement ir»r 

minerals we:re fed. A summary of the perfonnance of the cows in the 

summer of 1952 is given in Table I. 

It must be :remembered whem making comparisons of lots in Table I, 

that the cows in Lot l we:re summe:red on :native grass. The cows ht 

Lot l gained more du:rill1g the year: but failed to wean as heavy calves 

as those ill1 Lot 2. The average birth weight of the calves in both lots 

were the same, but the Lot 2 cows weaned calves that were, on an ave:r,= 

age O 15 lb. heaviel' tham the calves weaned by the cows in Lot l. In 

1952 the cows in Lot l weaned five calves. Two cows aborted, one cow 

15 
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Table I Summary of Performance of Cows and.Calv:es in 1952 

Items Compared 

No. of Cows Per Lot 

Av. Wt. -Of Cows (lb.) 
Initial 4=7=52 
At Weaning 10-17=52 
Av. Gain 

No. of Calves Born 

No. of Calves Weaned 

Av. Corr. Birth Wto 
of Calves llb.).4/ 

Av. Corr. Weaning Wt.~ 1 
of Calves Clb.) .JU 

Lot l 
Control 

10 

940, 
11.92 ·:. 
252 

6y 
Jl 

78 

476 

Lot 2 
Fertilized 

1o!I 

927 
1123 

196 

6 

6 

78 

491 

ll One cowdied of bloat· in July o 1952. 
2/ 
- For detailed results of performance· of ·~ows and calve so see 

appendix tables. 
3/ 
- Weaning weight_ of calf could not be found. ii - - .. 
. Corrected for sex by adding 5 lb. ·to the actual birth weight 

of each heifer.· 

S/ Corrected for age by adjusting all calves to a standard age 
of 210 days and for sex-by adding 25 lb. to the age=corrected weight 
of each heifer. 

did not breedo one cow calved late and one calf=weight could not be 

found. The cows in Lot 2 weaned six calves. One cow in this lot died 

of bloat 0 one cow was open and two cows calved late. Calves from cows 

calving late were not included in the summary tables. 

Sixo bredo three-year=old heifers were added to Lot 2 ih November 0 

1952 0 to increase the number of animals on which observations could be 

made. These heifers were subjected to the same management system as 



the other cows in Lot 2. A sufficient stand of forage had not been 

established on the control pasture by the summer of 1953 to permit 
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grazing 0 hence the cows in Lot 1 were again summered on native grass. 

The wintering procedure for 1953=54 was the same as previously prac

ticed. 

The nine cows from the previous year and the six cows from the 

Lake Carl Blackwell experimental herd made a total of 15 cows in Lot 2 

during the spring and summer of 195~. All of the original cows in 

Lot 1 were retained in Lot 1. A summary of the performance of the 

two lots of cows in 1952=53 is given in Table II. 

Table II Summary of Performance of Cows and Calves in 1953 

Lot 1 Lot 2 
I terns Compared Fertilized l/ 

No. 

Av. 

No. 

No. 

Av. 

Av. 

Control Original Blackwell-

of Cows Per Lot 10 9 tfal 

Wt. of Cows (lb.) 
Initial 10-17-52 1192 1123 998 
At Weaning 10-2=53 1262 1324 1213 
Av. Gain 70 201 215 

of Calves Born 7~/ 7i/ 5 

of Calves Weaned 6 5 5 

Corr. Birth Wt. 
of Calves (lb.) 68 75 71 

Corr. Weaning Wt. 
of Calves {lb.) 493 500 467 

ll Heifers added from Lake Carl Blackwell herd in fall of 1952. 
2/ 
- One cow died of bloat in September 0 1953. 
!/ One calf died of a broken neck while a blood sample was being 

taken; weights not included in table •. 
4/ 
- Includes two fall calves whose weights are not included in 

the averages. 
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Cows of Lot 1 (again on native grass during the summer) as compar= 

ed to those of Lot 2 made smaller yearly gains and their calves were 

lighter at birth, although they weaned calves of about the same weight 

as did the original cows in Lot 2. At weaning 9 their calves were 26 

lb. heavier, on an averageq than the calves from the Blackwell cows 

grazing the fertilized plot. 

A sufficient stand of forage had been established on the control 

pasture to permit grazing of this area during the summer of 1954. Both 

lots of cows were wintered in the manner previously described (1952=53) 

and grazed their assigned pastures during the summer of 1954. However 0 

there was a severe drought during the summer of 1954 and neither pasture 

produced sufficient forage for grazing after July. Baled hay 0 cut the 

preceding year from their respective pastures 0 was fed both lots of 

cows during this dry period. A summary of the performance of the cows 

in 1953=54 is given in Table III. 

The calves weaned by both groups of cows in 1954 were 0 on an av= 

erage 0 the lightest ones weaned in this experiment. The drought and 

hot weather was probably responsible 0 in part 0 for the low weaning 

weights. 

The original cows in Lot 2 weaned the heaviest calveso but· they 

lost more of their calves. Autopsy of two calves from Lot 2 showed 

that one calf died of uremic poisoning and another died of an acute 

bacterial infection. The Blackwell cows had the heaviest calves at 

birth, but they were the lightest at weaning. During the winter sev= 

eral sick calves in both lots were treated with injections of anti

biotics. In most cases there was a response to this treatment, in~ 

dicating the presence of bacterial infection. 
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Table III Summary of Performance of Cows and Calves in 1954 

Lot 1 Lot 2 
Items Compared Fertilized 

Control Original Blackwell 

No. of Cows Per Lot 10 c;Y 5 

Av. Wt. of Cows (lb.) 
Initial 10=2=53 1310 1278 1178 
At Weaning 10=1=54 1282 1253 1238 
Av. Gain =28 =25 60 

No. of Calves Bo:rITT 10 9 5 

No. of Calves Weaned 9 5 4 

Av. Co:rr. Birth Wt. 
of Calves {lb.) 71 72 79 

Av. Corr. Weaning Wt. 
· of Calves (lb.) 447 464 445 

y 
One cow :removed from experiment h1 October. 0 1954 because of 

pleural abscess and telang liver. 

In Decembero 1953Q four ©ows with known production :records in 

Lot l we:re exchanged with a like number from Lot 2. Each cow (with 

one exception) had previously produced two calveso and the switch was 

made to compare their past pe:rfo:rmance with their performance on the 

opposite t:re:atment. A summa:ry of the perfo:rmance of these cows is 

given im Table IV. 

The p:roductiom of Group l (switched from fertilized to comtron 

im 1954 dropped considerably as compared to p:revious performance. 

Their calves ave:rag.ed 9 lbo lighter than their previous calves at 

birth and averaged 61 lb. lighter at weaning. The production of 
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Table IV Comparison of Performance of 4 Cows Taken from Each Lot and 
Reversed on Treatment in the Sµmmer of 1954 (Wto in lbo~ 

Cow Wt. 
Cow Initial Final 
No. 10=2=53 10=1-54 

Av. of 1952 and 
1953 Production on 

Initial Pasture 
Corr. Corr. 

Birth Wt. Weaning Wt. 
of Calves of Calves 

Av. of 1954 
Production o?I 

Ope_osite Pasture 
Corr. Corr. 

Birth Wt. Weaning Wt. 
of Calves of Calves 

Group 1 Switched from Fertilized to Control Pasture 

6 1650 1575 85 533 63 450 
14 1125 1125 71 490 67 420 
21 1275 1280 89 548 83 430 1/ 
22 1175 1260 71 485 68 die~ 

Av. 
Wt. 1306 1310 79 494 70 433 

G:roup 2 Switched from Control to Fertilized Pasture 

7 1240 1195 12 ,515 70 505 
10 1130 1165 79 465 76 A55 
15 1125 970 67 4502/ 72 455 
19 1250 1245 73 495= 73 475 

Av. 
Wto 1186 1144 73 481 73 473 

l/ Cause of death was undetermined. 

Y Based on Olllly one calf. 

Group 2 (switched from control to fertilized lot) also droppedo but 

not as much as Group l. The unfavorable weather in the summer of 1954 

is believed to be at least partially responsible for the drop in pro= 

ductivity of the tows. Although the production of the cows in Group 1 

declined the most 0 there was no indication that this decline was due 

to experimental treatment. 

Because of abortions and cows failing to breed 0 both lots of 
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cows were tested :tor contagious abortion in Januaryo 1952., All cows 

gave a negative test. There were several unexplained abortions in 

both lots again in 1953 and due to these losseso the cows were again 

tested for contagious abortion and for leptospirosis in Aprilo 19540 

Nine cows gave suspicious· tests for contagious abortion and three gave 

positive tests for leptospirosiso However, the tests could not be 

correlated with calf losseso It is believed that most calf losses re= 

sulted from intestinal and respiratory infectionso possibly associated 

with low milk production of the cowso 

The cows in this experiment do not appear to be heavy milkerso 

They have consistantly weaned lighter calves than cows of comparable 

ages at Fort Reno., Their udders are small and flabby even during the 

peak of milk flow 0 and their calves attempt to nurse more often than 

normal. 

According to Swanson and Spann (1954)0 dairy heifers that were 

fed fattening rations failed to give as much milk 0 or to milk as long 

during the first and second lactationso as heifers fed normal rations. 

Pratt (1954) pointed out that the performance of dairy cows in their 

first lactation period was about the same whether they were fed a lib= 

eral grain ration or a limited grain rationo Howevero the second yearo 

the limited=fed cows out produced the liberal=fed cowso and this same 

trend held true through the third yearo Cows in the experiment re= 

ported herein appeared to decline in productivity as measured by wean= 

ing weights of their calves. This might be explainedo at least in 

parto by Pratt's observations; 

In the spring of 19540 a sample of milk was taken from a cow in 

Lot 2 that had just lost her calf. The milk was brought to Stillwater 
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and,fed to two weanlilng white rats for 2 weeks. The rats made gains 

considered normal on milk alone, and showed no ill effects. Blood 

samples taken from two calves of eateh lot iin the spring of 1954 con= 

tained normal amounts of both carotene and vitamin A. 

Six heifers produced by cows in Lot 2 in 1953 were added to Lot 2 

in April, 1954. These heifers will make it possible to study the re= 

productive perfo:rmance of second generation animals continuously fed 

the fertilized fo:r:age. The growth of these heifers is presented in 

Table V. They were exposed to a purebred Hereford bull in the summe:r 

of 1954, and will talve as two=year-olds in the spring of 1955. 

Table V Growth Record of Second Gene:rati.on Heife:rs Added to Lot 2 

in 1954 (Wt. in lb.) 

Heifer Corro Con'. T= i4a:s,r·- Y.J~lg~L.5~~T]'.:I9:5J No. Birth Wt. Weaning Wt. 

~~~~,a'°""'"'~ ........... c,mc~ ...... '"*l'.'OCCI~~ 

013.!I 63 460 645 825 890 
033 70 460 595 730 825 
103 75 490 605 830 810 
123 72 490 600 755 870 
163 69 4652/ 525 675 735 
172 63 370- 630 820 885 

Av. Wt. 69 456 600 773 836 

~~~ .. ,.. . ~~.cw ~~ 

1/ 
- Last digit indicates the year the calf was born. 

]/ Borm in November, 1952. 

The heifers have made above=ave:rage weight gains on the fertilized 

forage and appear to be in good health at this time. 
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Chemical Composition of the Forage 

Several forage samples were collected for chemical analysis. Sam= 

ples of 1952 forage were not abailable. The major constituents of the 

forages are shown in Table Vlo and the mineral composition is given 

in detail in Table VII. 

Table VI Chemical Composition of the Forage 
~::w:.wcw-....w ..-or : • -..W:,..a-<m 

Forage Per~ent _J~rJ:~ntaJm,_Comeositio,u_~f Dr·:t; Matter_ 
Treatment Dry Matter Ash Protein Ether Crude N.F.E. 

(Nx6~ 25) Extract Fiber 

Alfalfa ha# 90 .. 50 9.06 16 .. 35 2.21 3L93 40.44 

ControiY 2 94 .. 02 10069 18 .. 46 2., 77 29.95 44 .. 49 
Fe:rti lizeci=/ 94.,60 13.24 20.04 2.,27 29.00 41.16. 

Con tro 1~/ tP' 94.96 6068 11.54 2.25 43.17 41.67 
Fertilize · 95.23 7.61 13.65 2 .. 00 39.24 42.51 

Controi.1/ 41 9Ll4 9.44 17.16 2.46 38.48 42.13 
Fertilize~ 91.12 11.34 20.22 2.45 35017 40 .. 57 

ll Composition of alfalfa (all analyses) as reported by Morrison 
(1951). 

]I Sample colletted im April 0 1953. 

:}./ Sample collected in Aprilo 1954. 

ii Sample collected in Julyo 1954~ 

The analyti©al results in Table VI show that the fertilized 

forage contained a larger percentage of ash and protein than the m1=, 

. fertilized forage.. Similar results have been reported by Blazer and 

Stokes (1942). The control forage ~omtained the larger percentage of 



ethel' extract and c:rude fiber 0 while ©rude protein favo:red the ferti= 

lized forage. In general 0 however. differences between the forages in 

these values cannot be considered very significant in view of the range 

of values reported by Morrison (1951) and Glendening et al. (1952) for 

alfalfa hay. 

As shown by the analysis in Table VII 0 the fertilized forage was 

consistantly highe:r in caldum 0 phosphorus. potassium 0 coppero mange.= 

:neseo zinc and iron than the control fo:rage. According to Blazer and 

Stokes (1942). Blazer~~. (1942) and Davis and Brewer (1940). a rise 

in the c:altiumo phosphorus and protein of the plant is to be expetted 

when lime and supe:rphosphate are applied to the soil. However. Beeson 

(1941 0 1946). Keener (1953) and Price ,£J: al_ (1~51) have reported that 

liming soils may reduce the content of the minor mineral elements in 

the forage. However. illl the present comparisons o the milllo:r eleme111ts 

were consistently higher in the fertilized forage, except in the tase 

of molybdenum. The soil on which this forage was produced had not 

been badly cropped or erodedo It was bottom land and possibly it was 

higher in trace mineral content thalll the soils fertilized by Keener 

(1953). Keener was able to produce trace mineral deficiencies in dairy 

cattle subsisting on forages produced from heavily fertilized soils in 

New Hampshire~ 

In terms of the recommended daily allowances of minerals for live,, 

stock. :as given by ~~orrison (1951) and Maynard (1947) o the mineral 

eleme1nts in both the control and fertilized forages appear to be presemt 

in adequate amounts for nonnal growth and :reproduction 0 so far as :re= 

quirements are known. None of the minerals appear to be present ifil 

such large amounts as to cause toxicityo 



Table VII Mineral Composition of the Forage 

Forage Percent Parts Pe:r Million 
~ -- Cu~• Jl.qo* Mn* Zn* treatment £a p Mg Na K 

Alfalfa ha;; 1 .. 45 Oo47 0.49 9.22 248 28.00 .90 48.00 = 

Controi.Y 2 1.06 0.21 0.46 10.42 202 11.83 2.09 31.42 3.75 
Ferti lized=f' l.23 0.30 0.,25 4.86 314 14. 63 2.05 37.34 6.09 

Cont:ro1Y 0.,85 0.22 0.19 9.90 191 llc72 2.66 4.43 4.42 
Fertilizei:2/ 0.,88 0.25 -o .. 19- 5.25 261 12.24 2.62 17.25 5.79 

Cont :roli/ 1 1.38 0.2s o. 14 9.44 196 10.40 2.49 22.39 6.64 
Fe:rti lize© 1.66 0.35 0.15 5.93 238 12.19 2.77 23.14 12.28 

* Analysis by spect:rog:raphic methods conducted at the University of Florida by Dr. George K. Davis. 

y-Average_ mineral composition of alfalfa hay as reported by Glendening et aL (1953). 

Ji Sample ~ollected in Apriln 1953, and probably ground in a hammer mill before analysis. 

Y Sample collected in AprilQ 1954. 

~ Sample- collected in July, 1954. 

Fe* 

23.07 

15.19 
15.95 

7.31 
12.35 

11.27 
12.62 

N) 
Ul 
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A comparison of the average mineral composition of the alfalfa 

reported by Glendening et al. (1952) with that of farages in this 

experiment shows that the experimental forages produced at Fort Reno 

are higher in molybdenumo but lower in all other minerals with the 

exception of potassium. According to the results obtained by Sw~der 

(1955) and Blucker (1953) with forced feeding of manganese to beef 

cows, the manganese content of the experimental forages is not high 

enough to be toxic. 

Growth Studies with Rabbits 

Two growth studies with New Zealand white rabbits have been con= 

ducted at Stillwater in conjunction with the experiment at Fort Reno6 

During the first trial 0 the rabbits were fed ground hay, produced 

~ither on the control or fertilized plotso with the addition of a 

small amount of yellow corn later in the trial. During the second 

trialo the rabbi ts were fed a pellet containing .g'rcmnd hay from the 

two areas 0 and ground yellow corn. Salt was available, free=choice, 

but no additional minerals were fed. 

Twenty New Zealand white rabbits were obtained near Stillwater 

for the first trial. They were divided into two lots on the basis 

of body weight and were assigned to treatment at random. They were 

housed, two to a peno in upright chicken brooders and weighed at 2= 

week intervals throughout the trialo Eleven New Zealand white rabbits 

were obtained from a tommercial breeder near Ponca City for the second 

trial. They were handled in the same manner as the rabbits in Trial lo 

except that they were housed in individual pens of rabbit hutches. 

The first trial was started in December, 1953. A total of 10 
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rabbits per treatment were fed only ground hay until about the middle 

of January. At this time, three rabbits had died of undetermined 

causes. The slow weight gains of the rabbits seemed to indicate a 

lack of energy in the ration. From this point onw 70 gm. of corn was 

added daily to the ration of each rabbit. A summary of the weight 

gains during the first trial is given in Table VIII. 

Table VIII Summary of Weight Gains of Rabbits in Trial I 

Rabbit 
No. 

356 
364 
366 
370 
360 
252 
363 
367 
352 
358 

Initial 
12=19=53 

1367 
1693 
1507 
1607 
1422 
1436 
1592 
1655 
1319 
135,4 

Av. Wt., (gm.) 1495 

Av. Gain 

353 1686 
351 1628 
361 1310 
369 1360 
359 1779 
368 1896 
354 1684 
355 1579 
357 1474 
365 1415 .... 

Av. Wt. (gm.) 1581 

Av. Gain 

Weig__hJ.~.of R?bJlits by Per~ods (gramsl. 

Control 

1312 1805 
1926 2345 
1709 2205 
1896 2/ 2680 

died 1=15=54= 
1668 2355 
1742 2225 
2013 2405 
1591 2205 
].397 1560 

1695 2198 

200 703 

Fertilized .............. .... 
died 12=29=5~/ 

2196 
2486 
2177 
3000 

2700 
2547 
2642 
2428 
1988 

2463 

968 

1744 
1208 
1201 
2011 
2048 
2053 
1727 
1797 
1192 

2380 26'71 
died 1=18-54.Y 

1665 

84 

1390 1520 
2355 2682 
2530 2772 
2565 3005 
2445 2762 

died 2=19-54Y 
1855 2364 

2231 

650 

2540 

959 

2373 
2666 
2173 
3125 

2849 
2705 
2695 
2694 
1820 

2567 

1072 

2897 

1657 
2838 
2882 
3115 
2893 

2604 

2698 

1117 

Jj Corn was added to the ration of each rabbit for the remainder 
of the trial. 

J:./ Undetermined cause of death. 
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On an ave:rage 0 :rabbits fed the control forage made greater weight 

gains than those fed the fertilized forage 0 until the final weigh 

period. The control lot developed a severe infection of ear canker 

late in the trial. The fertilized lot was also infected 0 but the in= 

fection was not so severe as in the control lot and it may have had 

less effect on gains during the last weigh period. 

A. second trial was started i!fJ. Novembero 1954, with 11 New Zea= 

land white :rabbits. These :rabbits were fed a pellet containing 75 

pe:rcent ground hay a111d 25 percent g:romnd yellow corn. Chemical anal=, 

ysis of the pellets is presented in Table X. Corn was added to foll'.',= 

tify the energy content of the ration. The forage used in formulating 

the pellets was cut in the pre-bloom stage and was of high quality. 

It was necessary to prepare a second batch of pellets from ground 

baled hay, cut the previous sumrne:r, and ground corn. Thirty percent 

~o:rn was used to supply additional energy in formulating the second 

batch of pellets since the hay was coarse and stemmy. A summary of 

the weight gains of tbe rabbits during the second t:rial is given ifil 

Table IX. 

Feed coinsumptfo:n data were :recorded iin the second trial. How= 

ever 0 the tendency of the second batch of pellets to crumble prevented 

an accurate measu:re of feed hltake. Feed consumption records fo:r the 

first batch of pellets showed that up to the middle of Jamua:ry, the 

control lot consumed an average of 227 gm. less feed but made greater 

weight gains than the fe:rtilized lot. As indicated in Table Xo the 

\Control pellets were considerably higher in p:rotein than the fe:rt:l~~ 

lized pellets. This difference was p:rob:ably :responsible fo:r most of 

the difference in weight gains when the first batch of pellets was 

being fed. 



Table IX Summary of Weight Gains of Rabbits in Trial II 

Rabbit 
No. 

501 
504 
505 
510 
512 

Av. Wt. 

Av. G:aill1 

502 
503 
506 
508 

(gm.) 

..._, Weight of R2bbi ts bl'. Periods (grams) 
Initial / 
11-14=54 12=14-54 I-9-5s1 

2528 
2828 
2663 
2448 
2995 

2692 

2866 
2909 
2065 
2774 

££:ntrol 

3333 
3557 
3710 
3772 
3798 

3634 

942 

Fertilized 

3466 
3960 
3930 
4120 
3870 

3869 

1177 

3642 
4225 
4062 
4170 
3152 

3970 

1278 

4310 
3665 
3195 
4017 

509 
511 

2987 
2704 

3665 
3573 
2913 
3609 
3708 
3260 

3845 
3490 
2890 
3946 
4168 
3368 

4155 . 2/ 
died 1=24=55°-

Av. 

Av. 

WL (gm.) 2718 

Gain 

3455 

737 

3618 

900 

3868 

1150 

ll Second batch of pellets was fed for the remainder of the trial. 

l/ Cause of death was undetermined. 

These growth studies with rabbi ts failed to indicate any marked 
difference in forages produced from the control or the fertilized plots. 

Table X Chemical Composition of Pellets Fed in Trial II 

Percent Percentage ComQosition of Orr Matte.r 
Dry Protein Ether Crude 

Forage Treatment Matter, Ash (Nx6. 25) Extract Fiber N.F.E. Ca p 

Control I 94.14 5.40 19.32 5.40 22.25 53.99 1.08 .15 
Fertilized I 94.15 6.33 15.67 3.10 27.83 52.84 1.13 .12 

Control ull 94.45 5.94 18.40 5.20 22.94 53.04 1. 56 .14 
Fertilized n.!I 93.88 7.37 20.36 3.04 23.37 51. 91 1. 26 017 

.!/ Second batch of pellets fed from the middle of January to the end of 
the trial. 

Mg 

• 23 
.15 

• 20 
.19 



sm·:MARY 

An expe:riment was initiated at the Fort Reno station in the spring 

of 1952 to study the effects of increased amounts of fertilizer on the 

heal th and :reproductive performance of beef cows. 

Two, comparable, 57=ac:re plots of land were selected for this study 

and seeded to an alfalfa and brome=grass mixture in the fall of 1951. 

One plot was fertilized as recommended by the soils department of Olda,~, 

homa Agricultural and ~echanical College, and received 100 lb. of supe~

phosphate (analysis 0-33-0) per sere. The other plot was fertilized &t 

five times the :recommended :rate, and received 5 tons of lime and 500 lb. 

of superphosphate per acre. This plot also received a fu:rthe:r applfoa= 

tion of superphosphate (1000 lb. pet' acre) in the winter of 1953. Dul.', 

to unfavorable weather conditions 0 a seeding was not established on the 

control plot sufficient to permit grazing until the summer of 1954, al~" 

though hay was cut from this area in 1952 and 1953. 

Twenty, th:ree=year,. old grade Hereford heifers were divided into two 

equal lots and started on test in April, 1952. Six additional heHe:rs 

we:re added to the fertilized lot :in the fall of 1952. Duri:ng the summer, 

the cows grazed their assigned pastures except for the control lot in the 

summe:rs of 1952 and 1953. Each w:iinte:r, the cows were fed hay , free 

choice, cut from their respective pastures. Salt was available, f:ree 

thoice, but no other mineral or supplement was fed. 

Low reproductive pe:rfo:rma:mce and a decline in weaning weights w:::· ·re 

observed Lo this study. Tlrnt'e wern only slight differences :1 :n the pe :r,c, 

formance of tl1e cows between the cont:tol a:nd fertilized lots. Calf fos~, 

ses and poo~ production could not be associated with either a mineral 

30 
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deficiency, or excess, as indicated by the chemical composition of forage 

samples. It is possible that poo1t milk flow of the cows :resulted firom :cm 

abno:rmally fat condition, and exposure of the calves to disease while ill'l 

winter quarters, were at least partially :responsible for the poor pe:r= 

formance observed. Six heifers, produced by cows in the fertilized lot, 

were added to this lot in 1953 and made normal growth to 18 months of 

age. In December, 1953, four cows with known production ln the control 

lot were exchanged with :a like number from the fertilized lot, and there 

was no indication of an ill'labi li ty to pe:do:rm as well as could be expected 

on the opposite forage. 

Forage samples were collected three times during the study and 

tailed chemical analyses were made. No marked differences iin composi m-1. 

were observed although the fertilized forage was higher in 

c:akium, phospho:rvs 0 copper, ir1::n1, potassium, manganese m1d z:Lnc. 

Two growth studies with New Ze:ala:nd white :rabbi ts were co11ducted at 

Stillwater. 1be rabbits were fed forage from the control and fertilized 

pastures with small additions of yellow corn. No detrimental effects on 

weight gains could be shown from feeding either forage. 
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Cow 
No. 

7 
10 
11 
13 
15 
18 
19 
20 
24 
25 

Av. 

6 
8 

12 
14 
21 
22 
23 
26 
28 
32 

Av. 

Wt. 
Ub.) 

WL 
(lb.) 

Table XI Performance of Cows and Calves in 1952 

Cow Weights 
Initial Final 
4-7=52 10--17-52 

1065 1185 
825 1135 
810 1200 
970 1320 
825 1015 
815 1220 
940 1225 

1010 1265 
1225 1310 
910 1040 

940 1192 

1120 1430 
940 1170 

1080 1245 
800 1085 
900 1215 
820 1125 
885 Cow died 
945 1355 
950 1075 
830 1305 

927 1123 

Calf Production Data 
Corr. Birth 

Date Sex Birth 
Wt. 

Control 

4-30 M 70 
2-26 F 90 
Calved late 
Aborted 1=7=52 
2-11 F 73 
Open 

7;µ/ 2=24 F 
Aborted 
5-16 M 95 
6-12 F 69 

78 

Fertilized 

5=15 F 90 
Open 
4-3 M 80 
2-10 F 73 
2-24 M 92 
3-1 F 71 

of bloat in July 
Calved late 
4-5 M 60 
Calved late 

78 

ll No record of calf at weaning. 
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Co:rr. 
Weaning 

Wt. 

490 
440 

455 

525 
470 

476 

555 

420 
515 
520 
510 

425 

491 



Table XII Performance of Cows and Calves in 1953 

Cow Weights Calf Production Data 
Cow Initial Final Birth Corr. 
Noo 10-17-52 10-2-53 Date Sex Birth 

Wt. 

.f.Q.ntrol 

7 1185 1240 4-6 M 73 
10 1135 1130 2-21 F 68 
11 1200 1150 Calf died of broken neck 
13 1320 1300 3-20 F 57 
15 1015 1125 2-28 F 60 
18 1220 1245 2=27 F 79 
19 1225 1250 2-17 F 73 
20 1265 1455 Aborted 
24 1310 1500 Calf born dead 
25 1040 1220 Aborted 

Av. Wt. 1192 1262 68 
(lb.) 

Fertilized 

Original Cows 
6 1430 1605 4-4 M 80 
8 1170 1455 Open 

12 1245 1285 3=12 F 72 
14 1085 1125 4-5 F 69 
21 1215 1275 2-24 M 85 
22 1125 1175 2=20 F 70 
26 1355 1380 10-2-52 M 51 
28 1075 1285 Aborted 
32 1305 1330 11-11-52 F 63 

Av. Wt. 1123 1324 75 
(lb.) 

Bla§~well Cow~/ 11-21=52 
6 _ 1050 1385 Calf born dead 

10 
13 
30 
32 
59 

Av. 

970 1335 3-1 F 75 
955 1095 4-3 M 63 

1025 llOO 3-=8 M 78 
1025 1180 2-10 F 63 
940 1180 2-20 M 74 

WL 998 1213 71 
(lb.) 

l/ Fall calves. weights not included in the averages. 
:?:/ Bred heifers from Lake Carl Blackwell experimental herd. 
~/ Cow died of bloat in September. 1953 .• 
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Corr 
Weaning 

Wt • 

540 
490 

445 
445 
545 
495 

493 

510 

490 
465 
575 
4601/ 
35()*, 

37oll 

500 

490 
485 
490 
460 
410 

467 



Table XIII Performance of Cows and Calves in 1954 

Cow Weights 
Initial Final Cow 

No. 10-2-53 10-1-54 

1650 
1150 
1300 
1125 
1245 
1455 
1275 
1175 
1500 
1220 

Av. Wt. 1310 
(lb.) 

Ori' ginal Cows 
7.J 1240 
~1 / 1455 

lu:r 1130 

f k111IY ii~~ 
19.:!:: 1250 
26 1380 
28 1285 
32 1330 

Av. Wt. 1278 
(lb.) 

Blackwe 11 Cows 
10 1335 
13 1095 
30 1100 
32 1180 
59 1180 

Av. Wt. 1178 

1/ 

1575 
1180 
1265 
1125 
1245 
1420 
1280 
1260 
1330 
1140 

1282 

1195 
1435 
1165 
1260 
970 

1245 
1455 
1255 
1295 

1253 

1385 
1200 
1110 
1190 
1305 

1238 

Birth 
Date 

Control 

3=16 
3-3 
2=15 
4-2 
2=20 
3-4 
4=28 
1=21 
3=17 
2=12 

Fertilized 

3=6 
10-24-53 
4=12 
1-31 
2-14 
2=14 
12=10-.53 
12=8-53 
12-3-53 

3-7 
3=30 
2=2 
6-2 
1-7 

Calf Production Data 
Corro 

Sex Birth 

F 
M 
M 
F 
M 
M 
F 
F 
M 
F 

M 
M 
M 
M 
F 
F 
M 
F 
F 

F 
M 
M 
M 
F 

Wt .. 

63 
60 
88 
67 
72 
60 
83 
68 
84 
65 

71 

70 
94 
76 
78 
72 
73 
51 
67 
69 

72 · 

89 
64 
75 
86 
83 

79 

- Cows that were switched in Decembero 1953. 
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Corr. 
Weaning 

Wt. 

450 
450 
405 
420 
485 
410 
430 

died 3=11=54 
495 
420 

447 

505 
died l=l=,54 

455 
430 
455 
475 

died 4=19=54 
died 4=16-54 31 
died 11=10-5~ 

464 

500 
420 
440 
420 

died 3=12=53 

445 

2/ 
- Cow removed from experiment in Oetobero 1954 because of a pleural 

abscess. 
~/ Calf had prolonged sickness 0 weaning weight not included in average. 
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