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INTRODUCTION

There have been reports of sub-normal performance of beef cattle
in southeastern Oklahome for a mumber of years previocus to 1950, Cows
of this area often had an unthrifty appearance, especially during the
winter, and the percentage calf crop and the weaning weight of calves
were low, A deficlency of phosphorus was thought to be one of the
causes of poor beef cattle performance in this area.

Experiments were set up at Wilburton and Stillwater in 1947 te
determine phosphorus requirements of range beef cattle in the two areas.
High, medium, and low levels of phosphorus supplementation were used in
each of these experiments. The cattle at Wilburton showed an improve-
ment in reproductive performance when fed the high levels of supple-
mental phosphorus, but their performsnce was still unsatisfactory,
compared to the cattle at the Stillwater station. The yearly gains of
the cows, percentage calf crops, and weaning weights of the calves were
notably smaller at the Wilburton stetion than at Stillwater, Death
losses of calves at calving time were also high,

Studies have also been conducted at Wilburton to determine the
velue of feeding trace minerals, It was concluded from data obtained,
that feeding a trace mineral mixture to weanling and yearling Herford
heifers was not bemeficial. DMore recent work at Wilburton has shown
that contimuous feeding of trace minerals tc cows has no apperent in-
fluence on the weight and appearance of either the cows or their calves.
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An anmalysis of the range grass and weeds showed that the forage
grown in the Wilburton area contained a much higher manganese content
than forage grown near Stilluater, Hay grown near Wilburton contained
from 150 to 270 ppm. of manganese, whereas some weeds contained as much
as 700 to 900 ppm, Hay grown near Stillwater contained 25 to 75 ppm.
of manganese, It has been shown by some workers that a high level of
manganese in the ration of beef cattle is detrimental, causing repro-
ductive difficulties and decreased gain,

An experiment was set up at the Stillwater station in 1950 to study
the effects of high levels of manganese on reproduction, weight gains,
and certain blood comstituents of range beef cows. Data reported in
this thesis sumarize the fourth and final year's work on this experi-
ment., Data on liver and bone of cows that were slaughtered are also
included.



REVIEW OF LITERATURE
MANGANESE

Manganese has been shown by many workers to be an essential con-
stituent of the animal's diet., Orent and MeCollum (1931) and Shils
and McCollum (1943) found that rats on a manganese deficient diet failed
to grow normally. The females gave birth to inferior young and in 97
per cent of the cases failed to suckle their young. Males developed
testioular degeneration and sterility. Abnormal bone formation in rats
on manganese d eficlent rations was noted by Amdur et gl. (1945), and in
rebbits by Smith et al. (1944). Peresis, an abnormal bone condition in
poultry, has been shown o result from the lack of manganese by Wilgus
et al. (1936), Wiese gt al. (1937), Gallup and Norris (1938), and others.
Miller et al. (1940) and Keith et al. (1942) found that manganese wae
effective in preventing lamemess in pigs, while Johnson (1940) showed
that a low level of manganese (10 ppm.) in a synthetic diet adversely
affected weight gained and milk production of ewes, as compared to a
ration containing 100 pmm, It wes reported by Lardy gt al. (1942) that
tull calves maintained on a ration containing 28 ppm. manganese pro-
duced poor quality semen, and Bentley and Phillips (1951) showed that
heifers on a ration with less than 10 ppm, menganese were slov to ex-
hibit estrus and required more services per conception than heifers on
higher levels of manganese (20 ppm.) Weak pasterns were noted on
ecalves from the low manganese cows,



Although manganese in small amounts 1s apperently an essential
constituent in the diet of livestock, it is thought that large amounts
may be detrimental. Nelson gh gl. (1929) observed e stimilation of
growth in rats when 100 ppm, of mangsnese sulfate was added to 2 basal
dlet of casein, dextrin, and salt; however, growth was retarded with the
addition of 600 ppm. Work by Becker and MeCollum (1938) showed that
rations containing from 0,005 to 0.05 per cent manganese chloride per-
mitted normal function in both male and female rats. No adverse effects
were noted at any level up to 3.6 per cent; at that level growth wms
depressed, tut reproduction was satisfactory at all levels. Chornock
gt gl. (1942) found that with incressing levels of manganese intake
there was an increase in calcium and phosphorus excretion resulting in
a depletion of the body stores of these elements, The growth of rats
fed & rachitogenic diet wae retarded in proportion to the mangenese con-
tent of the ration., These workers stated that mangsnese is stored,
primerily, in the liver.

Elumberg ¢t gl. (1938) produced a condition ecalled "Manganese
rickets” in rats by adding 2.5 per cent manganese carbomate to a high
celeium, low phosphorus ration, and by adding 2.9 per cent manganese
carbonate to a stock ration contalning adequate levels of calcium and
phosphorus.

Skimmer ¢t gl. (1971) observed the effects of various levels of
manganese on rets, Mother rats on & manganese inteke of 5 mg. per rat
per dey were umable, after rearing several litters, to properly nourish
their young. later, Skimmer (1931) showed that female rats fed 10 ng.
mangenese per rat per day, in addition to a stock ration, were as sue-
gessful in rearing their young as femsles fed the stock ration alone,



He also showed that growth was not retarded when weanling rats were
fed a ration containing as much as 2,000 ppm, manganese sulfate for a
twelve-week perioed.

In an experiment designed to determine the effect of high menganese
intake on growth and reproduction of rabbits, Nance (1952) found that
the addition of 1,000 ppm, mangenese to a basal ration of prairie hay,
corn gluten meal, ground wheat, ground cats, alfalfe meal, Delsteral,
and salt resulted in an apparent impairment of repreduction and lacta~
tion of the does. In growth studies, the addition of 2,000 ppm. manga-
nese retarded growth in every trial, The addition of bome meal partielly
counteracted this retardation of growth. These results, however, require
confirmation,

Work with high levels of manganese for poultry has been contradic-
tory, Gallup and Nerris (1939) maintained chickens for 20 weeks on &
ration eontaining 1,000 ppm, of manganese, They observed no toxic
effects, Likewise, Insko gf al. (1938) found that levels as high as
640 ppm, of manganese were not toxiec to poultry. On the othar hand,
Van der Hoorn g al. (193€) reported some retardation of growth with
levels of mangenese sbove 300 ppm, Levels above 600 ppm, adversely
affected normel berring and growth of feathers, BRatlions containing
approximately 4800 ppm, mangsnese were found by Heller and Penguite
(1937) to be extremely toxic to growing chicks. Slinger gt al. (1951),
in a trial designed to determine the effects of manganese and salt on
bone abnormelities in turkey poults, found that at a manganese level of
approximately 71 ppm. growth wes retarded and bone ash was lowered.
von Oettingen (1935), (quoted from Haymack), found that oral adminis-
tration of manganese sulfate in large doses to dogs ceused vomiting,



gastritis, and paralysis, McCollum and Day (1947) stated that toxie
effects of manganese are cbserved in animals only when the dose is so
large that it causes gastric disturbences. These effects included

degenerative changes in the central nervous system, the liver, and

other organs,

Perla and Sandberg (1939) reperted a metabolic interrelatiomship
between manganese and vitamin B, . They found that the addition of 2 mg.
of manganese to a stock ration caused a disturbance in the lactation of
female rats, end that this condition was alleviated by feeding thiamine,
It was also shown that manganese minimized the effect of a toxic dose
of vitamin By. In another trial, Perla gt gl. (1939) found that rats
vhich received rations containing additionsl vitamin By were able to
consume larger amounts of manganese without adverse effects, HNance
(1952) reported that the growth retarding effect of 2000 ppm. menganese
in a ration for rabbits wes counteracted by the addition of brewers
yeast.

An experiment was conducted by Grummer et gl. (1950) to determine
the possible harmful effects of feeding high levels of manganese to
pigs. The pige on a ration containing no added mangansse gained 1.2
pounds per day as compared to 0,97 pounds per day for the pigs receiv-
ing an additional 500 ppm, of manganese, Growth and appetite were
affected by this level of manganese and these pigs exhibited a stiffness
and a stilted gait during the latter pert of the trial,

Reid gt al. (1947) studied the effect of manganese and other trace
elements upon ealeium snd phosphorus metabolism of dairy cows during
lactation, Supplementation with manganese sulfate in additiom to cal-
cium carbonate resulted in a negative calcium balance in every case.



It was thought that the depression of calcium metabolism was due to the
manganese sulfate, No appreciable effect on the phosphorus metabolism
was noted,

An experiment was set up by Nelson g} al. (1952) to determine the
effects of high levels of mangenese on beef catile, Four lots of 16
cows each were used., Lot 1 served as control; Lot 2 wes supplemented
with enough manganese sulfate to supply a total of 250 ppm, of manganese;
Lot 3 received a total of 500 ppm, of manganeses; and Lot 4 received a
total of 500 ppm, of manganese plus iron and copper. The first year,
the feeding of high levels of manganese sulfate resulted in decreased
yearly geins of the cows, The weaning weights of the calves were not
affected. The second year, Blucker (1953) found that the cows receiv-
ing 500 ppm, menganese (Lot 3) had lower plasma phosphorus levels and
made considerably smaller gains during the swmmer grazing season than
the cows in Lots 1, 2, and 4, At weaning, calves frem cows receiving
250 ppm. manganese (Lot 2) were lighter in weight than calves frem cows
of the other three lots. Swader (1955) reported that during the third
year of this trial the differences in weight chaenge of the cows, the
plasme phosphorus levels, and the weaning weights of calves were very
small; however, the cows in Lot 3 had a lower average weight throughout
the year than the cows of the other lots,

Nance (1952) used 6 Hereford steers in & digestion trisl to deter-
mine the effect of a high dletary level of manganese on the fecal excre~
tion of caleium and phosphorus., The steers were divided into pairs and
sach pair was fed ome of the following rations: (1) basal, (2) basal
plus 12 gm. manganese sulfate (1000 ppm.), (3) basal plus 24 gm, menge-
nese sulfate (2000 ppm.). It was found that steers which received edded



manganese volded in the feces a larger proportion of the dietary calcium
and phosphorus than the steers on the basal ration, It was felt that
this inereased excretion of caleium and phosphorus was the result of the
formation of an inscluble mangenese phosphate complex in the gastro-
intestinel tract. The results, however, were not eonclusive. The ine
organic phosphorus content of the blood plasme was apparently not af-
fected by the high levels of manganese,

Roy and Deysach (1942) reported that with high levels of manganese
there was an increased storage of manganese in the thyroid of guinea
pigs., As the manganese storage of the thyroid increased, oxygen con-
sumption decreased,

Hartmen gf gl. (1955) fed manganese at different levels to lambs
to test its effect on hemoglobin formation, In every case the lambs on
the high levels of manganess had significantly lower levels of hemoglo-
bin in the blood, This condition seemed te be related to the lower
serum iron levels of the lambs on high manganese,

Elakemore st al. (1937) believed that lactation tetany in cows and
sheep was associated with the temperary lowering of hlood magnesium as
the result of consuming forage particularly high in manganese, Under-
wood (1940) stated that the mangamese content of forages in these lac-
tation tetany areas was approximately 734 pmm.

After testing mny forage plants, Bolin (1934) reported that the
difference in manganese contemt of various forages ls due to the differ-
ence in their cepacity to extract manganese from the soil, Monier-
Williems (1949) states that not only the amount of mamganese in the
soil but the avallability of the menganese to the plants determines the
amount found in the plants., There are several factors which can affect



the amovnt of mangenese & plent ear cbialn from the soil, Aceording to
Cooden ond Crismett (1928), the mest importsni feetor is lack of draline
ere, They feund thot oots grown on voorly drained soll contoined six
tines as much mengsnese as oats produced on drained soil. Lining the
804l was found to be effective in decrsasing mengenese content of the

planta,



EXPERIMENT AL

This experiment was initiated in 1950 at the Lake Carl Blackwell
Range Area near Stillweter, The fourth and final year's work is re-
ported here, Originally, &4 grade Hereford cows were divided into four
equel lots on the basis of age and previous reproductive performance,
After being on the experiment for one year, two cows had to be removed,
one from Lot 3 because of a prolapsed uterus, and one from Lot 4 because
of enlarged ovaries and a tumor on the uterus, At the end of the second
year, one cow from Lot 2 had to be removed becsuse of a spoiled udder,
and one from Lot 3 because of a mmmified fetus, Two cows in Lot 3 died
shortly after calving during the fourth year of the experiment,

The cows of all lots were confined to small traps during the winter
season, They received a basal ration of prairie hay (free choiee), 1.4
pound of corn gluten meal per head daily, fed on altermate days, and
salt, free cholce, The cows of Lot 1 (control group) received only the
basel ration, The cows of Lot 2 received the basal ration plus 1,68
grems of menganese sulfatel per head daily. This amount raised the
total manganese content of the ration to approximstely 250 ppm. Lot 3
received the basal retion plus 3,97 grams manganese sulfate per head
daily, which raised the total manganese content of the ration to approx-
imately 500 ppm, Lot 4 received the same ration as Lot 3 plus a

%marmmmmmu,mmm
70 to 72 per cent mengsnese sulfate, 11 per cent smmonium sulfate, and
16 to 18 per cent megnesium sulfate,
10
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supplement of 400 mg, of iron as ferrous sulfate and 40 mg. of copper
as copper sulfete per head daily. The prairie hay contained approxi-
mately 68 ppm, manganese, During the winter peried the minerals were
mixed with corn gluten meal and fed in a trough.

During the summer grazing period, the cows of all lots were allowed
to graze native grass pasture, Salt (free choice) was provided at 211
times, During the pasture season the supplemental minerals (manganese
for Lots 2 and 3, and manganese, iron and copper for Lot 4), were mixed
with corn which was fed at the rate of one pound per head per day, on
alternate days. The cows of Lot 1 received no supplemental minerals
m:tmmmmbmﬁawmrﬂmw
of the cows in the experiment,

Bulls were placed with the cows on May 1, and removed September 1.
To minimize sire differences, they were rotated among the lots. The
calves were weaned on October 12, 1954, when they were seven to eight
months of age.

Elood samples for determination of blood plasma phosphorus, plasma
protein, hemoglobin, hematoerit, and red blood cell count were takem at
reguler intervals from one half of the cows in each lot, Individual
weights of cows and ealves were obtained at the time blood samples werse
taken,

The experiment was terminated on October 20, 1954. Forty of the
cows were slaughtered and inspected for gross anatomical abnormnlities.
Liver and bone samples were taken for further study.

The method used in the determination of the manganese content of
the livers was & modification of the method of Willard and Greathouse
aa7).



The following procedure was used to obtain the bone measurement
data., One fore leg of each cow was removed at the proximal end of the
metacarpus and was stored in a freezing room until samples could be
teken, The bones were later thawed and sllowed to dry for spproximately
24 hours, The meat and tendons were siripped back with the aid of a
knife to expose the large metacarpal bone which was removed from the
foot at the csrpus joint., The large metacarpsl was then scraped clesn
vith a knife, The mid-point of each bone was found with a ruler and
two adjacent one-inch eross sections were taken at this point, by the
use of an electric meat saw, Three measurements of bone wall thickness
were taken with a mierometer at each side of the mld-point of the bone.
Three measurements were tskem of the wall thickness of each section,
The six measurements were averaged to give the average thickness of the
bone wall of each animal,



RESULTS AND DISCUSSION
Cow Data

The weight data of the cows are summarized in Teble I. High levels
of mengenese apparently had no effect upon weights of the cous, The
initial weight of the Lot 3 cows (500 ppm. manganese) was comsiderably
less than that of the other lots because of very small summer geins the
second year; however, this group of cows made an average yearly gein of
39 pounds as compared to yearly lesses of 33, 12, and 28 pounds for
Lots 1, 2, and 4, respectively. This observation is very similer to the
results reported by Swader (1955), who found that Lot 3 wes the only lot
which showed a net gain during the third year., The welight changes of
the cows were variable from year to year, and were not consistent enough
to be related to the manganese level, DBecause of their lower initial
weight and thimer condition, the Lot 3 cows would probebly be expected
to gain more weight than the cows of the other lots., If manganese does
exert an adverse effect on gain in weight, possibly tolerance to high
lovels was bullt up by the cows of Lot 3,

The effects of the addition of iron and copper to a high manganese
ration were not clear-cut. Russell (1947) had reported an anemis among
horses that grased areas in which the forages contained high levels of
manganese, whereas in areas where the manganese level wes normal no
anemia was noted. No symptoms of enemla were observed in the present
experiment, and beneficial effects of the iron and copper could not be

13



seen In thic dete beonuse of the increased gain of Iot 3 over the other

i)

ots. On the other hand, the lote vhich recelved supnplomentel morgoncse
wlthout tho addition of irom snd copper (Lote 2 ond 3) hed avercse finsl
wvelghts vhich were lower thon the other lots. However, theso differ.
enger in welghto wers small and probebly could not be related to the
tresinents,

Yo eonsigtent sbhnormelitiss, which eould be related to treatment,
wers choerved vhen the cows were glmghtcmri‘ However, 1t shovld %jé
pointed out thaet the mordelity rete of cows wae higher in those lots
which received sworleomental monpanege, OF the original 16 cows which
Sterted in asch lob, 1l 16 cows of Lot 1 (comtrsl) Finished the trisd,
while three cows frem Lot 2, Tovr from Lot 3, end two from Lot 4, elther
died or had to be removed Por verious remsons during the four yesrs of
the experiment. This difference in onteone surgesis e possible detri-

mental effect of a high menpgsnese inbtuke,

Prodnoiion Dats

& sutmnyy of the vroduction dsta is given in Table I. Calf proe
duction wag reduced in Lot L by the death of & oalf et birth, In Lot 3
by the desth of tve cows and one additions) eelf et ealving tine, end
in Lot 4 by two premebure births and the death of snother ealf at ecos.
tration, The eelf losses snd m‘:s't@lity rete of the cous wers higher
in the lots receiving mangenese. This iz in agreement with the find.
ings of Dlueker {1953) and Suader {1955) in the second snd third years
of this study, TFurther indication thet the high levels of mangepese
might he adversely effecting the reproductive performsmce of ihe cows

vas seen from a pregnancy check of the cows that were sleughtered., 213



ef the cous iz Jot 1 woro progoant whilo fivo eows in Lot 2, twe in

Iob 32, ond two in Lot 4 were open.

w-m«w e

Lot omber . Gob3 Lov 2 LeL 3

’i"l i " (‘ » rw*gx‘qaua m_t. .

irvon, ond copusy

fupboy of cows por p _
lot (11-10-53) 16 13 k¥ 15

Average welpght of cous (ibs.)

initisl 11-10.53 ii1s iciz [ 55 1o
Before calving

2054 ETET 1L 1330
B of vinter

fesding 4ml-54, 87 963 TR ez

Pinel 10-20-54 1062 1050 loz2 107%
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irth wolght of
palvess € Vie pic i
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weened 152 13 11é 1o

Pverage veoning welght

of cudves L0-12-54 459 L55 L5t &5

Corroebed for sox by adding 5 1b, %o the setnel bivth welebl of oconh

Shctund wwmxgr welghts wove corrected: (L) for age by adjusting a1l
calves to 2 gtondord oge of 210 doys, o (2) for pex by cddlngy 25 1b,
to t%ze age correcbed ucight of eoch halfer.

One cel? lod et Brth,
YO — dled shortly efter celving, ong additioned e21f dled ot
birth,

Swo calves born prewturely, onobher dioed

ah pootrotion,
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The differences in hirth weight of calves among the four lots were
so smell that they were not considered important or related to treat-
ment, The differences in weaning weight were also very small, Lot 1
everaged 9 pounds more than Lot 2, 3 pounds more thon Lot 3, and 2 pounds
more than Lot 4. These differences were not statistically significant.
Helson (1952) and Swader (1955) in the first and third year of this
experiment also failed to find any significant difference in weaning
weight, On the other hand, Blucker (1953) found o significant differ-
ence in weaning weights the second year, A consideration of all four
years of this work reveals no marked or constant effects of high levels
of manganese on weaning welights of ecalves,

Elood Data

A summary of the hlood enalysis is shown in Table II, The average
blood plasma phosphorus values of the cows showed considersble varia-
tion throughout the year, No marked and consistant difference among
the lots could be seem; although Lot 1 tended to have the lowest phos-
phorus value. This does not agree with previous work by Blucker (1953)
and Swader (1955) who found that Lot 3 consistently had lower values
than the other lots.

Flagma phosphorus values were very low during the winter, dropping
€o an average of 1.63, 2,90, 2.70, and 2,05 for Lots 1, 2, 3, and 4,
respectively, during April, The aversge plasma phosphorus value for
all lots was less than 3,00 mg. per 100 nl, of plasma during the months
of February and April, Values this low are considered to represent a
eritieal state of phosphorus mutrition. Maymard (1947) and Huffmen (1933)
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stated that plasmn phosphorus below 4.00 mg. per cent gave indication
of a pending aphosphorosis, However, Enox gf gl. (1941) reported that
range beef cows remainsed healthy end reproduced normally when their
plasma phosphorus levels dropped as low as 2,00 mg, per cent for short
periods, WNo symptoms of phosphorus deficiemey were observed during the
year, so these results agree with work reported by Knox.

The begimming of the grazing season brought a considerable rise in
the blood phosphorus values; average value of 3.00, 5.56, 4.68, and 5,07
mg, per cent for Lots 1, 2, 3, and 4, respectively, being reached during
July, There wees still comsiderable fluctuation in blood phosphorus
values among the lots throughout the summer grazing period. It should
be pointed out that exeept for one year, the cows were rotated among
the pastures, and that the lowest klood phosphorus values, most fre-
quently, came from the cows which hed previously grezed one particular
pasture, which was designated in this experiment as pasture No. 1,
This condition of low blood phosphorus and alse ecorrespondingly low
gains of eows while greging pasture No. 1 was observed by Blucker (1953)
and Swader (1955) in the second and third years of this work, This
might sccount for the small summer gains of Lot 3 during the second
year, because during thet year the Lot 3 cows remained in pasture No. 1
throughout the swmer grazing season, Differences were not found in
chemical composition of the forage of the pastures, but apparently
thers is some unkmown factor asscciated with pasture No, 1 which is
causing these low walues,

Differences in hemoglobin, hematoerit, plasme proteln, and red
bloed cell count were very small and eculd not be related to the treate
ments,
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Liver Data

The manganese content of the livers ef the cows which wers slaugh-
tered is showm in Talle III, It should be noted that the highest walues
were from the lots receiving supplemental manganese, lets 1, 2, 3, and
4 had average values of 2.45, 2.9, 2.93, and 2,66 ppm,, respectively.

Ho supplemental 250 ppm. 500 ppm, 500 ppu. manganese,

nangenese ranenese iron, and sopper

inimel Mn (ppm.) Animal Mo (ppm.) fnimel ¥n (pmm.) Animel Mo (ppm.)
1-7® e 67 2.85 3-7 3.22 5= —

3 2.3 » — &-7 2.61 12 2.5
43 2,38 1o0* — 7 2,67 a 1.9
47 218 1= -— a* — 7 3.09
9 2.6 ig 2.57 12 3.05 122 21

15 1.75 26 3.63 137 2,95 127 2,82
117 3.87 14 2,65 145 2.9 147 29
1us 2.04 116 2,43 149 343 155 2,88
124 2.61 120 349 154 2.54 163 2.30
140 2,70 170 2,79 1% 2.4
153 248 1 315

157 1,95

160 2,53

Average 245 2.4 2.9 2,66

The differences among lots were not statistieally significanmt (P< 5 per
cent). These results indicate that the manganese contemt of the liver
may be related to the state of manganese mtrition, It also might be
used as & measure of manganese storsge in the body because manganese is
stored primarily in the liver. Grummer (1950), in work with swine,



found that the amount of mengasnese stored wes not proportional to the

level fed, tut there wes a tendency for manganese to concentrute in the
livers of pigs when they were fed rations containing additional menga-
nese,

The fact that the differences in liver manganese among the lots
wore small, would indiecate thet a high level of excretion takes place
in cattle receiving supplemental mangenese, According to Nance (1952)
the fecal manganese is roughly proportional to the amount of supple-
mental menganese fed,

Bone Data

A summery of the bone measurements is shoum in Table IV, The dif-
ferences in thickmess of wall of the large metacerpel bone, among the
lots, were very small and not statistically significanmt, The average
thickness was 6.1, 5.9, 6.0, and 5.9 ma, for Lots 1, 2, 3, and 4,
respectively, Reld (1947) stated that the addition of menganese sulfate
to a ration for dalry cows increased the calcium excretion until a nega~
tive caleium belance existed. Nemce (1952) reported that high levels
of manganese increamsed the fecal excretion of caleium and phosphorus
by steers. A simllar effect is indicated in the work of Chornock gi al.
(1942) with rats.

When conditions of this nature are severe emough or last long
enough, decaleification of the bones usually occur. In the present
experiment, there was no evidence of decaleification despite low intakes
of phosphorus, relatively high intskes of caleium from forage and dif-
ferent amounts of manganese,
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