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ABSTRACT

Drysdale, Robert, Andrew, M.Sc,, The University of Manitoba,

Muy, L979. rnvestigations of the severitv, Extent. Tvpe and rreatment

of copper Deficiencv in Beef cattle in Northwestern Manitoba. Major

Prof; Thomas J. Devlin.

Blood serumr forage and soil samples were collected from beef cattle

of forty-four herds in the NorËh hlest agricultural regíon of Manitoba.

Copper deficiency r¡Ias ídentified in all herds and related to low copper

andfor excessive molybdenum in the pasture forages. The forages also

indicated a potential zinc and manganese deficiency in cattle at these

locations. The low concentrations of copper, zinc and manganese in

the forages r^rere attributed to low content of copper and zínc and to

Low availability of copper, zinc and manganese in the soil. Parenteral

administration of copper glycínate at the start of the pasture season

r,¡as insufficient to affect weight gains or to maintain normal serum

copper values during tiire grazing period.

A soil and forage survey was undertaken in the agriculturally

productive area of the North l{esÈ region. Differences in nutrient

concentrations were identified among forage types. The forage anal-

yses confirmed potential prímary deficiencies of copper, zinc and

manganese in relation to cattle production. Elevated molybdenum levels

were idenÈified ín legumes throughout the regíon and in grasses confined

to the soils derived from the shale bearing Ashville, Favel, Vermillion

River and Ridíng Mountain Geologic Formations.
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INTRODUCTION

Priortolgl0,occurrencesofanailmenLofgrazingcattlewere

reportedintheThunderHilldistrictofnorthwesternManitoba.The

Symptomsweresimilartothoseattributedtomolybdenosis'orSecondary

copperdeficiencyreport'edbyFergusoneËal(87)inEngland,Barshad

(16), BrÍtton and Gross (30) in the United States' and Alcroft (Z) i"

New Zealand. In 1950, Cunningham (53'54) confirmed the ailment reported

inManitobatobemolybdenosís'responsivetocoppertherapy'His

findings were substanLíated by Smith (182) and Findlay (89)'

The severity of coPper deficiency in the affected areas of this

regionofManitobaÍncreasedduringwetpastureseasons.TheSufltrner

of.1913 was typícal of this phenomenon' but the íncidence of copper

deficiency apPeared to have spread to nevr areas vriÈhin the region'

This was atLributed to increased cognízance of the disorder' A survey

by rural veterinary practítíoners and staff members of the Manitoba

DepartmentofAgriculturelocatedcopperdeficientcatt'leinmanyareas

within the region. Ïn addition, results from a preliminary geochemical-

surveyoftheregion,bytheUniversityofBritishColumbiabecameavail-

able.Resultsfromthisandsubsequentstudies(lo)in¿icatedthat'

conditionsofpotentialcopperdeficiencyofcat'tleexistedthroughout

a much larger area than was previously anticipated'

InthespríngofLgT4,staffmembersoftheManitobaDepartmentof

AgricultureandtheUnÍversityofBritishColumbiametwithrural

veterinarypractit'ionersfromtheNorthV,IestRegion.Fundingbecame

availablethroughtheManitobaDepartmentofAgrícultureAnimallndustry

T.



Branch, Veterinary Servíces Branch and North West Regional Division,

Èhe Manitoba Youth Secretariat and the Uníversity of Britísh Columbia,

Geological Sciences Department. In May of. L97/+, an investigation of

the severity, extent and treatment of copper deficíency of cattle in

the regiorl r¡ras initiated. Subsequent investígations funded by the

Manitoba Department of Agriculture North IaIest Regional Division and

Veterínary Services Branch, and the Manitoba Youth Secret.arÍat r¡tere

instit.uted durÍng L975, L976, L977 ar.d 1918. The results of these

studíes, in part, are documented in this dissertation.
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1.

TI. L]TERATURE REVIEI^I

Definitions of the DÍsease

Primary or simple copper deficiency Ís caused by uncomplícated

deficiency of copper in the diet. Indicators in cattle (57) are anemia,

unthriftyness, poor growth, lameness and reduced reproductive and milk

producing capacities. The hair coat is rough and staring and may show

loss of coloration. Calf growth is impaired wíth increased incidence

of bone abnormalities and fracture. Ataxia, seen as a loss of muscular

control, has been observed aft.er exercise.

Secondary copper defÍcíency is caused by the involvement of

molybdenum and/or sulfate causing reduced availabiliÈy or retention of

díeÈary copper, The only objective sign dÍstinguishing simple and

complicated copper deficiency in cattle is an acute seasonal scouring

condition (57). The animals scour profusely whíle on lush spring and

fa11 pasture and may become extremely debilitated. During midsunnner,

when pasture growth is less rapid, scouring ceases and body condition

is regained to some extent.

ïn sheep, copper deficiency is also observed as rrstrÍngytr or

ttsteelyrr wool as described in Australia (7). The effects of copper

deficiency of the eT¡re are usually seen in the lamb, which may be

affected by osteoporosís or aËaxia associated with regional myelin

degeneration or hypomyelination. Ost.eoporosís seems to occur in cases

less depleted than those involving ataxia. Hypornyel-inating ataxia

occurs as enzootic neonatal ataxia (21r 116) or as delayed swayback (57)



which develops between 3 ¡¿eeks to 4 months of age. The signs of copper

deficiency of sheep are usually more severe in cases of secondary

deficiency.

2. Geograp.Jr-ic Occurelrcg gf the Disease

The fÍrst citing of naturally occurring copper deficiency was that

of ftsalr sickr?cartle of Florida by Neal er al (154) in 1931. The

condition was identified in Holland in 1933 by Sjollema (L77) and ín

Irlestern Australia by Bennerrs and Chapman (22) in 19¡2. Tn 1938,

Ferguson, Lewis and I,Iatson (SO) identifÍed therrteartnessrr of pastures

in Sonrnerset, England, Èo be due to theír molybdenum content and thus

initiated copper therapy as a cure for molybdenosis (88).

Other ínvest.igators have identified the incidence of bovine copper

deficíency in New Zea1and (SZ), Sweden (i00), Treland (i55), Wales (63),

France (L27); in parrs of California (16, 30), oregon (160), Nevada

(19), and Hawaií (195) in the Unired States, and in rhe province of

Ankavan, Armenia in the United Soviet Socialist Republics (124).

In Canada, primary and secondary copper deficiencies have been found

in Maniroba (182, 89, 54r 76), onrario (28), Brirish Columbia (147) and

very recently in eastern Saskatchewan (186, 31). Conditions similar to

those in Manitoba have been found in North Dakota (41). Areas of South

Dakota and Minnesota are experiencing a deficiency situation but the

causal conditions are only now under invesËigation (132, 161).



3. The Esse!_tiaf ity and_Bgqui_rslnent of Mg_lyÞjþnum

Molybdenum has been found to be a constituent of the metaloflavo-

protein enz)rnes xanthine oxÍdase (Zt+, 68), aldehyde oxidase (L23), and

sulfite oxidase (49). The first two of these enzymes are involved in

Ëhe electron transport chain by interacting with cytochrome c (t:¡, 93)

as the electron acceptor. Molybdenum is present at the substrate

binding site of these enz)¡mes (164). xanthine oxidase ís required for

the oxidation of the purines xanthÍne and hypoxanthine to uric acid in

the rar and chick (t05, L29). Aldehyde oxidase catalyses the oxidation

of aldehyde and various nitrogen containing heterocyclic aromatic

compounds (L23) and hypoxanthíne (L64). Sulfite oxidase is involved in

the oxidation of sulfite to sulfate in the marnrnalian metabolism of

sulfur amino acids and sulfur-containing compounds.

The essentiality of dietary molybdenum has been demonstrated only

in the chick and rat (tOS, 48r 120). No required dietary level has been

esÈablished for these species due to the use of tungsten to establish a

deficiency state. The requirement of molybdenum by sheep has been

srudied (81, I75). Sheriha et al, L962 (175) concluded that if required,

the dietary requirement was less t.han 0.01 ppm for sheep. A dietary

requirement for molybdenum has not been established for ruminants but

is required for the healthy growth of pasture legume forages.

4. The_EssentialiÞ'_grd Reqgirement for Copper

Copper has been known as an essential element sínce the works of

Neal et al (154) in 1931 and sjollema (177) in 1933. copper is a

constituent of Èhe enz)¡mes Èyrosinase, ascorbic acid oxidase, phenol



oxidase, uricase and cytochrome oxidase. The functional changes of

these enz)¡mes under deficiency situations have been reviewed by

Adelstein and Val1ee (1). Research on the requirements and metabolism

of copper has been reviewed by Underwood ( 202).

Values for the requírement of available copper for the ruminant.

animal are dífficul-t to assign due to interfering dietary factors. The

basic requirement. of copper for catËle ís accepted at 10 parËs per

million (pp*) in the dry rarion (1+S, 188r 57r 45r 210) when dieÈary

molybdenum and sulfur are less than 1.0 pp* and 0.1Cf/. respectively.

I'Ihenever molybdenum 1evels exceed 1 pp*, the absolute levels of copper

and molybdenum, and the copper to molybdenum ratio, must be considered.

In such cases, a dietary ratio of 4 parts copper to I part molybdenum

is desirable (2i0). Thus the requirement of cattle for copper is

accepted as follows in Manitoba:

TABLE 1. Required level of copper in relation to molybdenum in the
diet.

Dietary 1evel of
Mo. ppm D.I{.

0-1
1-3
4.
,(a)

Required 1evel
of Cu, ppm D.tr{.

10
t2
t6
2A

(a) -'-'tor levels of dietary molybdenum greater than 5 pp*, refer
to the lit.erature review on supplementation of copper.

For sheep, the dietary requirement for copper is accepted as 4 to

6 pp* for Britísh breeds and 6 ppm for Meríno sheep (202). Under

moderate intakes of calcium carbonate, molybdenum, or sulfur, the dietary



requirement is increased as high as 10 milligrams (tng) per day or 10

ppm in the diet.

fn sunrnary, the dietary requirement of cattle and sheep for copper,

under Manitoba conditions, may only be adequately estimated when both

copper and molybdenum analyses are available. This ís in agreement

$rirh Míltimore and Mason (146).

5. Bodv Levels of Molvbdenum and Copper

a). Molybdenum

Molybdenum levels in the body are higher in the liver and kidneys

than in other organs (t00, 105) but accumulation Ín the líver is not

excessively high (202). Levels do not change appreciably with age,

and species differences are small (204). Molybdenum levels in the

hair (59), bones and liver (66) are influenced by dietary molybdenum

l-evels. Normal liver molybdenum levels of 2 to 4 ppm may increase to

25 to 30 ppm in cattle and sheep on high molybdenum ratíons (203).

Tissue molybdenum levels are decreased by dietary inorganic sulfate and

sulfur-containing amino acids (60, 61, L42). Tungsten may also decrease

Ëissue molybdenum Levels (9, 64, 65).

Normal values for whole blood molybdenum for cattle and sheep

grazing pastures normal ín copper and low in molybdenum are 2 to 6

UeldL (51,72) or 0.02 to 0.06 Ug/ml. This level rose to 60 to 80

UglðL in young cattle and to 24O to 340 Ug/dL ml in ewes when fed

a ration of 30 ppm molybdenum. Dick (7) noted Èhat over 70% of the

blood molybdenum was present in the erythrocyt.es under normal condítÍons.

lncreases were due to increases of the plasma fraction. Scaife (171)



showed thaL molybdenum from both fractions of the blood was a readily

dialyzeable anion, probably molybdate.

The molybdenum content of milk is normally 10 Ug/L or 0.01 ppm

(108). The conËent of cows milk has been raised from 73 Ug/I to

371 Ue/l by adding 500 mílligrams molybdenum daily to the diet (9).

Ewes grazing pastures of 13 ppm molybdenum showed a value of 980 Ug/l

molybdenum in t.heir milk (1i0). These researchers found a reduction

from 11043 Ugll to 137 Ug/l molybdenum after 3 days, in ewes grazíng

pastures of 25 ppm molybdenum when dosed with 23 grams of sulfate per

day. The molybdenum in rnilk of cows grazing normal pastures ís bound

to xanthine oxidase (fOZ) and ís proporËional to the xanthine oxidase

activity. Rapid increases in molybdenum values of milk do not show a

corresponding increase in xanthine oxÍdase actÍvity (101).

b). Copper

The distribution of copper in tissues varies wit.h specíes, ager

and copper intake. Under normal conditions, copper concentrations tend

to be correspondingly higher in the liver and brain than in other

tissues (40, 150). Tn ruminants, the capacity for storage of hepatic

copper can be very hígh (55), and closely reflect.s the dietary copper

levels, with and without supplementation (83).

The generally accepted values for liver copper concentrations of

cattle and sheep are given in TABLE 2. Under Manítoba conditions, Ehe

deficient liver copper level was defined as 40 ppm dry weight for adult

cattle, in agreement r^¡ith Claypool et al, L975 (47). The deficiency

l-evel for newborn calves was defined as 55 ppm dry weight as set by

Cunningham (56).



TABLE 2. Liver copper level in relation to dÍetary copper sËatus (56).

Speci es

Sheep

Cattle

Age & Cu
Treatment

newborn, normal diet
newborn, deficient diet

mature, normal- diet
maÈure, deficient diet

newborn, normal díet
newborn, deficient diet

mature, normal diet
mature, deficient diet

No. of
Animal s

27
29

44
35

4I
20

23
4L

Cu ppm dry weight
Average Range

168 1 4-430
L4 4- 34

599 L86 -L31 /.+

21 7 -t06

381 L43-6ss
55 8 -109

200 23-409
11.s 3- 32

Copper values in the hair range from 10 to 47 ppm. There appears

Èo be no relationship between specÍes or color to copper content (96r 8).

Van Koetsveld (207) reported an average value of 10 ppm copper with

values below 8 pp* having been associat.ed wiÈh deficíency s)¡mptoms.

orMary et. al (159) found that hair of Hereford cattle ranged from l0 to

31 ppm copper and that differences were not attribuËable to color but to

season and tíme of samplíng. In Manitoba, the normal value of copper

in the hair of cattle and wool of sheep has been accepted as 7 to 10 ppm.

Copper ín the blood of cattle ís present in three basic forms.

Firstly, erythrocyte hemocuprein is a blue 1ow-molecular weight (35r000)

proËein T"rith 2 atoms of copper per molecule (0.34% Cu) in the cupric

form (135). The p1-asma copper fractions are the ceruloplasmin and

rrdirect reading copperrt protein-bound forms. Ceruloplasmin is an o2-

globulín of molecular weíght of 151r000 with 8 atoms of copper per

molecule (111). It is an oxidase enz)¡me catalyzing the oxidation of

various polyphenols (111) and biological compounds (139, 97). The

amount of ceruloplasmín copper exchanged per day is relatively sma11



10

compared to intake. Ïn marmnalian species ceruloplasmin copper represents

approximateLy \tr/. of the plasma copper while representing only a negli-

gible portion in avian species (tSS, zLi). Highly sígnificant correla-

Èions between plasma, serum and whole blood copper levels and cerulo-

plasmin activity have been drawn (tSt, 200). Direct reading copper is

named for its direct reaction with díthizone. It is nondialyziable and

loosely bound to a serum protein, probably albumin (35, 2L1). The

balance of the plasma copper fraction is comprised of the copper con-

taining enzymes: trosinase, laccase, ascorbic acid oxidase, cytochrome

oxidase, monoamine oxidase, ô -aminolevulínic acid dehydrase and dop-

amine-S -hydroxylase (90).

Generally, the normal range for serum copper has been accepted as

0.8 to L.2\Jg/mL (tet, 20). Values below 0.6 Ug/ml have índícated a

deficiency for cattle and sheep (ZOZ, 63) with values below 0.5 Ug/ml

demonstratíng severely defÍcient 1íver copper leve1s in cattle (41).

The blood copper levels of sheep are greatly influenced by pregnancy,

parturiÈíon and disease. Blood copper parameters have been shown to

decline duríng pregnancy in housed (36) and grazing (+, Zl) ewes and

increase to premating leveIs approxímately one mont.h post parÈum.

Howell et a1 (112) found that blood copper values rose to very high

levels approximately one week post partum and then fe11 to normal. They

found the blood copper values of lambs to be low at birth with an in-

crease to normal adult levels within one week. This finding was con-

fírmed by McDougall (153). Tn the case of calves, Bingley and Dufty

(24) reported whole blood and plasma copper levels of newborn calves Èo

be significantly lower and erythrocyte copper levels to be signíficantly



l1

higher than their mothers.

Variations in blood copper parameters have arisen with the incidence

of disease (LSZ, L9, i68) in cattle and sheep. fnfestation with internal

parasites have been shown to cause depressed copper values (L52, 29).

Low blood copper values had been attríbuted to (162) but were later

found to be coincidental with Border disease in sheep (i4).

The normal copper level in rnilk is thought to be approximately

0.6 ug/ml G2) for cattle. For sheep, values of 0.2 to 0.6 ug/mr fall

to 0.04 to 0.16 Ug/ml several months post parturn (18). For both species

copper values of colostral milk are substantially higher than in later

nílk ( 202>. Cattle grazing copper deficienÈ pastures have shown milk

copper levels of 0,01 to 0.02 ug/ml (i8). very little response has been

shown in milk copper levels to supplementation of ewes (191), cows and

goa¿s (gZ) on already adequate diets. fiewever, Dunkley et a1 (7S)

showed a four week elevation of mí1k copper 1evels in cows parenterally

injected with 300 milligrams copper as glycinate. There was no mention

of dietary copper levels in t.his study.

6, The DiagnostÍc ReliabÍ1ítv of Copper Paralneters in Serum

The parameter of total serum copper may not be adequate for the

diagnosis and treatment evaluation of copper deficient anímals in terms

of potenEially avaí1ab1e copper in the serum. Investigators with sheep

(14, lS) and cattle (46) have hyporhesized the presence of a copper-

molybdenum complex at the serum level similar to that found at the

rumen level. Dowdy and Matrone (74, 75) observed that this copper-

molybdenum complex had a cu:Mo ratio of 4:3 and could exist in vivo.
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The copper in t.his complex was biologically unavailable to pigs and

sheep. Marcilese et al (136) compared the effects of dietary sulfate

alone with molybdenum plus sulfate in the diets of sheep. They found

that when molybdenum plus sulfate was added Eo the diet, the uptake of

injected radiocopper by the liver was reduced and that ceruloplasmin

synthesÍs was impaired. This postulated a copper-molybdenum-sulfate

complex at the serum 1evel. Recent electron paramagnetic resonance

studies by Huisingh and Matrone (ii4) have shown, however, that the

serum cu*2 cation becomes bound to serum proteÍns and the molybdate

remains as a free anion in proximity to that prot.ein. They have pro-

posed that díetary molybdate and sulfate together affecË copper trans-

port into and out of the tissues, particularly the líver, by mobilizing

copper stores. This increases the total serum copper level. They have

also proposed that molybdate plus sulfate inhibits synthesis of copper

storage complexes and ceruloplasmin (136). This means that this

mobilized copper, shown as an Íncrease in total serum copper levelr may

be only slightly available to the animal.

Ïn sunrnary, under condítions of molybdate plus sulfate ínter-action

on copper metabolism, there is merít to the use of the total serum

copper plus ceruloplasmín activity criteria in diagnosing copper defi-

ciency. This may explain why deficiency symptoms persist in a herd

¡,¡hen the total serum copper 1evels are apparently adequate, especially

when sulfate and molybdate analyses are unavaílabIe. unfortunately,

rapid post-samp1íng oxidation of ceruloplasmin makes this serum parameter

unreliable under field conditions, unless special precautions are taken.
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7, MetabolÍsgr of Mglvbdenum and Copper and the Effects of Interrelated
Mineral s

a). Molvbdenum

Under normal conditions, molybdenum is well absorbed from the diet.

The hexavalent r.rater soluble forms of sodium and anrnonium molybdate,

and the water soluble molybdenum of fresh herbage are well absorbed by

cattle (88). !ühen fed in large amounts, insoluble compounds such as

molybdenum trioxide and calcium molybdate, but not molybdenum dísu1fide,

are well absorbed (84). The active site and mechanism of molybdenum

absorpEíon are unknown (204).

On low dietary sulfate, Ëhe major route of molybdenum excretion is

via the urine in monogastrics (t16r 156, 169) but not in cattle (208)

or sheep (72r 171), By íncreasing the díetary level of sulfate from

0.17" to 0.3% in sheep, the amount of rnolybdenum excreted via the urine

increased from 3.0 to 4.6% to 50 to 54% of. intake. This effect of

sulfate on molybdenum met.abolism is very specific in sheep and has been

shown to be as effective from endogenous as from dietary sources of

suLfare (72, L7L, 51).

Dick (72) explains the influence of sulfate on molybdenum absorption

and excretion by the interference of inorganic sulfate with, and when

concentrations are high enough, Lhe prevention of molybdenum Lransport

across membranes. This is hypothesized to increase molybdenum excretíon

through the rise in the sulfate concentration of the ultra filtrate of

the renal glomerulus following high sulfat.e intakes. This in turn impedes

or blocks reabsorption of molybdenum Ëhrough the renal tubule. The

mechanism of this postulaEed interference may be due to the sirnilarit.ies

between the molybdate and sulfaÈe anions (141).
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Very high molybdenum intakes have been reported to give rise to

increased phosphorus excretion wÍth accompanying lameness, abnormal

joints, osteoporosis and high serum phosphatase levels (66). This may

lead to increased incídence of calving difficulties and reduced or

absent libido in young bulls. Thomas and Moss (I92) have demonstrated

damage of the ínterstitÍal cells and germinal epÍthelium of the testes

of such animals.

b). Copper

The site of copper absorpt.ion has not been demonstrated but. is

thought to be in the small intestine (45). Ingested copper ís rather

poorly absorbed ín most. species (21, 50) and very little is known about

the mechanism of copper absorption. A copper-binding protein has been

demonstrated in the duodenal mucosal cells of the chÍck (184) but not

in other species.

Absorbed copper is stored in liver and may reach very high levels

in ruminants. Copper is excreted via t.he urine and actively from the

liver via the bile ( 202). The absorption and retention of copper by

cattle and sheep is great.ly influenced by ínterrelated dietary factors.

The absorption of dietary copper is reduced under conditions of

high dietary intakes of calcium carbonate and sulfi¿e (71). The calcium

carbonate reduces the absorpËion of copper by raising the intestinal

pH (Zf, 134). Dietary sulfur above 0.17" has been found to increase the

formation of an insoluble copper sulfÍde complex in the rumen and in-

testínes (188). The latter finding has also been confirmed in swine Q7).

The copper of fresh herbage has been shown Èo be less available

than rhe equivalenr dry herbage or hay (103). Mills (143) has shown rhe
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grea1er part of the copper component ín fresh herbage to be in the forrn

ofasneutralornegativelychargedcomplexes.Míllshaspostulated

that copper may be transported through the íntestinal mucosa both as an

ion and in the form of complexes as found in herbage. This postulation

issupportedbyKirchgessnereEal'-2Ðwhohaveshownthattheaffinity

of copper ions for inorganic and organic ligands in food can reduce the

rateofabsorption,dependinguponthesizeandstabilityoftheresult-

ant comPlexes.

Severalorganicandinorganicfactorshavebeenshovmtodecrease

the utili zaEíor: of dietary copper. Davis et al (67) have demonstraEed

a reduction in the assimilation of copper by phytate' Van Campen and

Gross (206) showed that hígh dietary levels of ascorbic acid signifi-

cantly reduced the retention of copper by depressing íntestinal absorp-

tion,ratherthanbyincreasingexcret'ion.Zíncandcadmiumbothdecrease

rhe urilizarion of copper as suntrnarized by Mi1ls (144) and starcher (184) '

Zinc,cadmium,copperandmercuryaremutuallyantagonísticelements

whicharecompetitívelyabsorbedatbindingsitesonaprotein,believed

tobeofthemetallothioneintypelocatedintheliver,kidneyand

duodenal mucosa lCr44)' Thus íncreases in dietary levels of zinc' cadmium

and mercury may directly ínfluence the absorption and excretion of

coPper.Ironandmanganesehavebeenshowntobecompetitívelyabsorbed

viithcopperintheintestinalmucosa,thusreducingitsavaílabilityto

rhe anímal (201).

Thetvlodietaryfactorswhichmostinfluencetheabsorptionand

utilizaLíonofdietarycopperaremolybdenumandsulfur.Sulfurreduces

the absorprion of copper by formation of insoluble copper sulfide (188)'
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as prevíously discussed. Molybdenum interferes vtith both the absorp-

tíon of copper and its retention in the liver QO2). Matrone (140)

has suggested that molybdenum reduces copper absorption by the formation

of a copper-molybdenum complex referred to as cupric molybdate (CuMoOO).

Cunníngham (SZ) and Dick (71) have shown that the deleterious effects

of molybdenum and sulfate upon copper utili zatLon are increased when

both are administered together. This has suggested the formation of a

cupríc thiornolybdate complex. Molybdenum, sulfur and molybdenum plus

sulfur all decrease the utilizatíon of copper by the animal. The

present hypotheses concerning t.he ínteractions of these nutrienls are

complex and are discussed in section 8 below.

8. The Copper-Molvbdenum-Sulfate Tnteraction and its Tnfluence on
Absorption, Metabolism and Excretion of Copper in Ruminants

Dowdy and Matrone, L968, studíed the copper-molybdenum-sulfate

reactíon in ruminants (74, 75). They observed the formation of an

insoluble precipitate at neutral pH. Dowdy et al (Z:) tater showed

this precipitate to be 1índgenite, 2CuMoOO.Cu(OH)2r which previous

workers had referred t.o as cupric molybdate or the Cu-Mo complex. Dowdy

and Matrone (741 75) were unable Ëo explain the role of sulfate in the

copper-molybdenum interaction. They found that the resultant complex

was absorbed and Èransported by the body but was unavailable for

ceruloplasmin synthesis. Huisingh and Matrone (114) have postulated

models of the action of sulfur in the Cu-Mo interact.ion.

One model has suggested the unavailabilíty of copper at lhe rumen

Leve1 Ëo be due to (a) the formation of cupric molybdate and (b) the

precípitation of cupric sulfíde (i13), As a result of in vitro studies
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(94) which showed an inhibition of the sulfate to sulfide reaction by

molybdenum in rumen ce11s, Huisingh and Matrone proposed that molyb-

denum could alleviate high dietary sulfate índuced copper deficiency

by blocking the formation of cupric sulfide from copper plus sulfate.

Using a dietary level of 50 ppm molybdenum and either sodium sulfate

or met.hionine as a sulfur source, t.hey showed that molybdenum inhibited

sulfide formation from sulfate but increased the production of sulfide

from meËhionine.

A more current model of the Cu-Mo-S interrelationship by Huising

and Matrone (141) is based on in vivo intestinal loop studies. Molyb-

denum and sulfaÈe have been observed to ínteract at (a) the site of

errzpe activity, such as molybdate inhibition of sulfate reduction by

inhibiting the errzpe ATP-sulfurylase, and aE (b) ttte site of membrane

transport, such as intestinal absorption and renal tubule reabsorption,

as postulated by Dick (69, 12). Due to the high degree of similarity

of the molybdate {t'too.-2) and sulfate (So4-2) oxy-anion (bot¡, have 2nd

?
bonds and sp- configurations) chemical parameters, Huising and Mat.rone

have hypothesized:

a) both molybdenum and sulfate are transported across membranes

by a carrier.

b) both anions use the same carrier.

c) sulfate can replace molybdate on the carrier.

d) when sulfate replaces molybdate on the carrier aÈ the site of

reabsorption in the renal tubule, then molybdate excretion via the

urine is increased.
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Using the intestinal loop technique, they found that not only sulfate but

other Group VI oxy-anions, such as selenate and chromate interfered with

molybdate absorption, but Group V phosphate did not. The proposal of

a competitive absorption-transport mechanism is supported by the find-

íngs of Cardon and Mason (:e¡. This interaction of similar Group VI

oxy-anions may offer an explanation to the study by Sheriff and

Rankin (L74) of a precipítant selenium defíciency, believed to be due

to high dietary sulfate.

A brief sumrnary of the effects of dietary molybdenum and sulfate

on body copper levels, as found by Huising and Matrone (lt4), is given

in Figure 1. I^ihen sheep are f ed a copper def icient diet, molybdate

or sulfate alone always decreases the plasma, liver and kÍdney copper

level and serum ceruloplasmin acLivit.y. trIhen both molybdate and

sulfate are added to a copper defícient dietr plasma copper is in-

creased without a corresponding increase in ceruloplasmin activity.

There is mobilization and subsequent depletion of body copper stores

with an increased urinary excretíon of copper (137). ïn respect to

liver copper status, if the animals are receiving adequate dietary

copper, then molybdate plus sulfate appears to decrease the level of

copper in the liver, but at a reduced rate, leading to a higher

retention of liver copper than in comparably deficient animals (1f4).

This supports the hypothesis that molybdate plus sulfate impairs the

transport of copper ínto or out of the líver by impairing the membrane

transport. system.
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FIGLJRE 1. Copper Parameters

Sunrnary of the effect of molybdate, sulfate and molybdate
plus sulfate on copper metabolism.

aTf the diet contains adequate or excess copper, then no
change in plasma copper may be observed.

DTf the diet contains adequate or excess copper, then liver
copper values decrease. If the díet is copper-deficient, then the
liver copper values are higher for the molybdate plus sulfate than
the copper-deficient control animals.

9. The AvailaÞjlity of Molvbdenum and Copper

The uptake of molybdenum and copper by the animal depends on the

respective contents and availabilities from dietary sources. These

factors are dependent upon the geochemistry and soil factors affecting

the uptake of these nutrients by plants. This sect.ion is a review of

factors affect.ing the uptake, content and availability of molybdenum

and copper in plant and animal systems.

a). Molvb_denum

Elevated levels of molybdenum have been documented in soils (182)

and forages (S+) in northwestern Manitoba. In 1973, Doyle and Fletcher

(26) initiated a study of the geochemistry of this area of Manitoba.

Using stream sediment sampling techniques (teS, 2L2, L94), they demon-

strated elevated soil molybdenum 1evels from a very large area within

the North West agricultural region of Manitoba. They later found

u':.'

t
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problems assocíated with elevated molybdenum values to extend beyond

Èhe boundaries of that agrÍcultural regíon of the provínce.

The availability of soil molybdenum to plants depends on the

molybdenum content of the soi1, and the factors affecting the movement

of soil molybdate into solution as molybdate in solution is readÍly

available for uptake by plants. The availability of molybdate is

greatly reduced when iL is adsorbed to the soil particle surface,

through reactíon with iron or aluminum. Maximum anion adsorptÍon to

soÍ1 partÍcles (and subsequent least availability) coincides with the

pK of the appropriate acid. Soil molybdate availability to plants

thus íncreases from a low near pH4 to a high near pHB (15, i5S).

These findings were substantiated by Thompson et al (i93) who showed

increases of herbage and topsoil molybdenum contents from soils of

pH5.8 Ëo pH7.8.

Results of the survey of Doyle and Fletcher (76) confirmed the

results of Oddy (157) in the Swan and Val1ey Ríver basins of Manitoba.

These elevated soil molybdenum values r^rere generally located in the

shales of the Ashvil1e, Favel and Vermillion River mormaÈions. HÍgh

soil molybdenum values were associaÈed with Èhe strongly acidic

(pH5.1) shale derived Kei-d AssociaËion and alluvial Edwards Association

soil units. Despite high soil molybdenum values, molybdenum concentra-

tions of forages from these soils tended to be lower than forages from

adjacent mildly to strongly alkaline (pH7.5 to 8.5) soí1s. Their

survey of the moderately alkaline (pH7.9) Kenville Soil Series, within

the molybdenum toxíc area st.udied by Cunningham (S+), revealed that

onl-y background levels of soil molybdenum lead to elevat.ed forage
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molybdenum values in the order of 4.4 pp*, Thus the levels of molyb-

denum in forages may be strongly influenced by soil pH and somewhat

independent of the molybdenum content of a particular soil type.

Other factors have been shown to influence the availability of

soil molybdenum to forages. The availability is Íncreased with the

application of phosphate, hydroxyl and vanadate (95, 148, 2I5), by a

decrease in organic marrer (149) and by limiting of acid soils (211).

Increased avaílabi1ity has also been attributed to increased soil

moisture (76, 54,182) corresponding to periods of lush pasture growth.

Sulfate and anrnonium ions have been shown to depress soil molybdenum

availability (L49).

The level of molybdenum in forages is greatly influenced by the

type of forage. Legumes concentrate molybdenum as it is used to

catalyze nitrogen fixation through nitrogen reductÍon wíth cyano

complexes (26, L72). Grass forages do not concentrate molybdenum but

grasses grov/n in conjunction \^/ith legumes may show a higher molybdenum

concentration than grasses grown alone. This is due to an increase in

topsoil molybdenum attributable to biological turnover of the legume

species. This process is greatly increased when pastures are burned

off and elemenËal rnolybdenum ís released to the topsoil.

The availability of forage molybdenum to the ruminant animal is

greatest when the forage is fed as a high moisture pasturage Q02).

The availability of molybdates in dried herbage appears greatly

reduced compared to fresh forages.

b). Copper

The availability of soil copper is influenced by several factors
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ß2). soil copper is mosË solubre under acid conditions. As the pH

increasesr copper and other cations are oxidízed Lo insuluble hydrox-

ídes or oxides of low solubility. The monovalent cation of cooper is
more available than the divalent form and is promoted by conditions of

low oxygen and high moisture in the soil. soil cations also form com_

plexes of reduced availabÍlity with organic matter substrates. copÞer

deficiency on high organic matter soils in the United States has been

partly attributed to such complexes (160). Under normal soil conditions,
forage copper content is fairly directly related to soil copper content.

The availability of copper to the animar depends upon the amount

of available copper in the forage. rmproved pasture forage species

are generally higher in copper content than native forage species.

The copper of dried herbage is more available than the copper of fresh
or high moisture herbage (103, i43). The availability of copper from

forages is also greatly influenced by interrelated minerals in the

diet as previously discussed.

10. Copper Deficiency in Ruminants

A number of disorders have been associated with copper deficiency

in ruminants. These dísorders arise from an inadequate intake or from

a depletion of body reserves of copper. The severity and extent of

deficiency disorders varies with species and with the requirement of

individuals within a species. Most often the fast growing young or

high producing adult animals are first to succumb as their require-
ments for copper are greatest. signs include anemia, depressed growth

in spite of adequaEe feed, bone disorders, apigmentation and abnormal

keratínízation of hair or wool, nervous disorders, reduced reproduc_



23

tÍve performance, cardiovascular failure and gastrointestinal scours.

Copper deficient anemia in cattle and ewes is hypochromíc and

macrocytic; in lambs, it is hypochromic and microcytíc (ZOZ). Copper

is involved in the transport and utÍlizaLion of oxygen. In sheep,

blood copper levels of 0.L2 Ug/ml have been found to 1ímit hemato-

poiesis and a deficiency of copper has been related to the failure of

erythrocyte mat.uration (125, 17). Ceruloplasmin has been shown to be

the ferroxidase catalysing the ferrous (r"2+) to ferric (F"3+)

reaction for uptake by transferrín for transport to receptor sites

including haemoglob:.n (91, 92). Copper, and iron, are also part of

the enzyme cytochrome c oxidase which is responsible for introducing

oxygen inËo Èhe oxidative segment of energy production. The heme

group and copper ions bind the oxygen, reduce ít with electrons from

cytochromes of the hydrogen electron transporË system, and convert

this reduced oxygen to v/at.er (42, 92).

Deficient copper intakes lead Ëo reduced tissue copper level_s

and subsequent reduced enz)¡me activity. With reduced enz¡'me activíty,

especially in the cytochrome enz)rmes, there is a reducÈion of body

functíon and production. Young animals born to such dams are often

weak poor-doers with reduced liveability.

Copper plays an essential role in the enzymes cytochrome oxidase

and amíne oxidase, necessary for structural integrity of disulfide

linkages in collagen and elastin (25, 33), and in bone mineralization

(98). Copper deficiency is reflected by degenerative changes in

connective tissues and such changes are believed to account for

abnormalitíes of gait, with arching of the back (66, 113, 205), and
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abnormal bone development of the distal growth plat.es of the metacarpus

and metatarsus (L79). Sheep and cattl e grazíng copper deficient

pastures have shown osteoporosis with ease of fracture (2Lr 47, L45)

and an increase in phosphorus excretion (66).

Pigmentation and keratinizaLíon of hair and wool are disrupted

during copper deficiency. Apigmentation, or achromotrichia is at.tri-

buted to the failure of the tyrosine to melanín reaction (lO). This

reaction is catalysed by the polyphenol oxidases which contain copper

(i65). Improper keratinization during copper deficiency results in

a rough staring hair coat and rrsteelyrr or Itstringyrt wool of reduced

crimp and tensile strength (138). These charact.eristics are dependent

upon the integrity of the disulfide linkages of keratin and the align-

ment of the keratin fibrillae in the fibers. Both are adversely

affected during copper deficiency (t:a). Copper also affects the

arrangement of the polypeptide chains in keratin synthesis (34).

Swayback and enzootic neonatal ataxia have been at.tributed to

copper deficiency (13i). The condiLion is usually seen only in sheep

but has been reported in goats and swine (2O2). AnÍmals affected at

birth may be ataxic or completely paralysed. Delayed swayback is

characterízed by progressive incoordination of the hínd 1imbs, a stiff

and staggering gaite and swaying of the hÍnd quarters. Tn very míld

cases, s)rmptoms of ataxia may be noted only when the lambs are excited.

Considerable research has been completed in the dietary, clínÍcal,

pat.hological and biochemical aspects of swayback (11, L2r 13, 37r 38,

131, L67,189, 2L6). Copper deficient ataxía stems from a loss of

cytochrome oxidase activity as a result of the failure of the synthesis
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of the heme prosthetic group (209). Thís inhibition of aerobic metabo-

lism leads to a decrease in phospholipid, causing a reductíon in myelÍn

synLhesis (115) and subsequent ataxia.

Reduced reproductive capacity and cardiovascular disorders have

been attributed to copper deficiency in cattle. Deficient cattle

show depressed or delayed estrus (5, 2Oj) and. increased neonatal mor-

Èalities (145). The incidence of rtfalling disease'r or acute heart

arrack ís also nored (23). Leigh (130) attributes rhis myocardial

degenerative change to a loss of cytochrome oxidase activity resulting

ín extensive changes in myofibrillar and mítochondrial morphology and

distribution.

Diarrhea has been associated with low blood and tissue copper

levels (5, 23) and with high molybdenum inrakes (54, gl). Fell et a1

(85) o¡served a decrease in epithelial cytochrome oxidase and mit.o-

chondrial lesions in the small intestÍnes, and partial vi1lus atrophy

in the duodenum and jejunum of copper deficient steers. These mor-

phological changes r¡rere correlated to copper-responsive diarrhea.

11. Suppf eme¡rlg_tion y¡igþ _Copper

supplementation of cattle and sheep vrith copper is achieved by

several methods. The most widely used method is by the additÍon of

copper salts, usually copper sulfate, to the loose mineral or salt

supplements offered to the animals. The practice of dosing or drench-

ing the animals with soluble copper salts is practiced effectively in

Australía and New zealand. supplementation by means of topdressing

of past.ures wÍËh fertilizers contaíning copper salts has proven

effective for caËtle but has led to copper toxicity in sheep. The
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most recent method of supplemenLation is by

copper supplements. These copper complexes

animal over a period of time dependent upon

able carrier base.

the use of injectable

release copper to the

the nalure of the Ínject-

Drenching of cattle and sheep hriËh copper salts provides a rapÍd

temporary remedy in severely copper deficient situatíons. Cunningham

(57) recoarnends supplying a weekly dosage of 3.5 grams of copper

sulfate for cattle with molybdenum scours. For the prevention of sway-

back in lambs, a drench of 1.5 grams of copper sulfaËe should be

aùninistered to the ewe at least seven weeks prepartum. In lambs

susceptible to delayed swayback, ataxia will not develop if the lambs

are dosed wíth 35 milligrams of copper sulfate twice weekly from birth.

Ferguson and co-workers (e0, eZ) found that drenching vrith 2 grams per

cow and 1 gram per calf of copper sulfate per day was effective in

the treatment of severe molybdenum induced scours. This treatment

was continued untíl normal body copper levels \¡rere regained. This is

in keeping with the recormnendations by Cunningham (53) of 2 to 4 grams

of copper sulfate per day as therapy for severely affected animals

until recovery ís complete, Èhen 1 to 2 grams per day as long as

exposed to the deficiency. One half to one gram copper sulfaËe per

day is recommended for slightly to moderately affected cows and calves.

This method of supplementation requires consíderable manpower and

handling of animals. Tn Manítoba, this type of supplementation is

best suited for therapeutic treatment. of deficient animals. It is not

practical on a herd basis for either a Èherapeut.ic or a preventatÍve

basis.
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Topdressing pastures wit.h copper sulfate or its equivalent in

other copper ores, has been effective in íncreasing forage copper

levels (41 , 166). On peat soi1s, annual f all topdressing \..7ith 5

pounds of copper sulfate per acre (+.5 U.g¡t-ta) has been found effec_

tive in increasing forage copper levels from 4 to 6 ppm to approxi-

mately 10 ppm, without excessíve copper accumulation (62). On non_

peat soils, Underwood (202) has reported that an application of 5 to

7 pounds copper sulfate per acre (4.5 to 6.3 kg/l¡.a) has increased

the forage copper content from deficient to adequate levels for cattle

for several years. where pasture Iand was too rough or semi-forrested,

aerial application using aircraft has been found economic and effec-

tive (7). This method of supplementation is of limÍted advantage on

strongly calcareous soÍls due to the poor absorption of copoer by

plants (92). Due to the low proportion of ranchers in Manito5a that

regularly fertí1ize their pastures, and the high proportion of cal-

careous soils in the copper deficient area, this met.hod of supple-

mentation is limited. It should be noted that the phosphate fraction

of some fertiTizers may be contaminaËed with molybdenum. rt is not

known whether this contamination influences forage molybdenum con-

cent.rations.

under range conditions in Manitoba, a more practical method of

copper supplementation is by the addition of copper salts to the loose

mineral or salt supplements offered to cattle. powdered copper sul-

fate (25% active copper) is added to the loose salt at a level of 0.5,

1.0 or 2.0 percent. copper sulfate (57, 2OZ) or its equivalent in

other copper salts. These levels represent an active copper content

of. L250r 2500t or 5000 ppm copper respectívely and are offered to rhe



28

cattle under slight, moderate, or severely deficient conditions, as

defined by blood and/or liver copper levels. trrlhen the cattle are

placed on their winter hay feeding program, these levels are reduced

by half (53). This is due to the lower availability of molybdenum and

the increased availability of copper in dried herbage. At 60 to 90

days prepartum, the supplementary levels should be returned to the

hígher 1evels to avoid depletion of the damrs copper reserves by the

fetus. Levels of 0.5 to 1.0 percent copper sulfate in salt may be

offered to copper deficíent sheep (202) (see restrictions below), but

only during the grazing period. Supplementation at these levels during

t.he wint.er feeding period may be toxic to sheep. Cupric sulfate may

be added to the loose mÍneral rather than the salt supplement, but

the acÈive copper content in the mineral must be taken into account.

Supplementation vrith copper in the loose mineral or salt has

several restrict.ions. These supplements are to be consumed at a rate

of approximately 30 to 90 grams (1 to 3 ounces) per head per day by

catÈle. Tn some areas of Manitoba, consumption of salt and mineral

supplements by cattle is insufficient or too irregular to provide

adequate supplementation. This is due to the natural salinity of

pastures or water supplíes. Alsor these supplements are inadequately

consumed by calves under the age of 5 to 6 months. Thus, this method

of supplementation has defínite restrictions for cattle in Manitoba.

In respect to sheep, this method of supplementat.ion is effective only

if a regular check is maintained on the intake to ensure that the safe

dose rate of.225 grams (8 ounces) of copper sulfate per I00O sb:eep

per week is not exceeded (99),
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A considerable amount of work has been conducÈed on the avail-

ability of copÞer from several oral supplements. Results from two

studies (43r 128) showed that copper sulfate, nítrate and chloride

were relatively equal in availabílity and utilization. Copper car-

bonate was found to be poorly retained and cupric oxÍde, as needles

and powder, cuprous oxide as powder and metallic copper in the form

of copper wire were poorly absorbed. Copper sulfide was largely un-

available and remained in the intestinal t.ract (188). triork by Suttle

(187) has shown the actual biological availabitity of copper supple-

menÈs to be only 4 to IL% of the administered dosage. This study is

in agreement with the value of 8.6% by Smith et al. (180).

Tn areas where intakes of copper by grazíng anímals must be

assured, the most convenient form of supplementation is by the use of

injectable copper supplements. Two such supplements are copper
(a.b)glycinate\e'vl in an oil base and copper calcium ethyldiaminetetra-

acetate (EDTA, 
"d"trt")(t) 

in a water miscible base. Both are

administered subcutaneously Ín the loose folds of the brisket area or

aCumol brand copper glycinate,
Cutter Laboratories
Fourth and Parker
Berkeley, California, U.S.A.

60 mg Cu/cc

94I70

h"Copoerjec brand copper glycinate, L2O mg Cu/tube
ICI Tasman Vaccine Limited
33 Whakatiki St.
Upper Hutt, New Zealand

ccoprin brand copper calcium edetate, l0O mg Cu/syringe
Glaxo Group Limited, Export Supplíes Division
166 High Halborne
London, U.K., I.ICTV 6PD
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along the side of the neck. There is an írritant inflarmnatory re-

sponse to both of these supplements with the oil base products being

more severe. Inject.ion of these supplements into the muscle tissue

may lead t.o a large necrotic abscess and subsequent trirmning losses

at slaughter (6). Another injectable suoplement is copper methio-
(d)

nate'-' in an aqueous base. This supplement is administered by deep

intramuscular injection. This product is readily available to the

anímal and is rapidly absorbed. The írritant svlelling at the intra-

muscular injection site is reduced, but may be very severe when

administered subcutaneously. Studies by Cunningham (58) showed that

the cupric-bis-8-hydroxyquinoline 5-1 disulphonic acid salt of tetra

díethylamíne showed no 1ocal reaction when injected either subcu-

taneously or intramuscularly int.o sheep as an aqueous solution or as

a create. This compound had no advantage over copper glycinate for

use in cattle. He also found that copper citrate was unsuitable for

parenteral administration ín sheep. Lamand et al. (L26) found copper

oxide in purified olive oil to cause only a slight reaction when

admini stered intramuscul arly.

Injectable supplements are administered at 3 Èo 6 month intervals

at levels of. L20 to 240 milligrams active copper for adult cattle and

30 to 40 milligrams for adult sheep. Calves under 300 pounds are

treated with 60 milligrams copper and very young calves v¡ith 30

milligrams (6, 178, 202), Swayback is prevented in lambs by admini-

dCopa.ret brand copper methionate, 20 mg Cu/cc
C-VeÈ Limited
Minister House, I^/estern Way
Bury St. Edmunds, Suffolk, U.K. TP33 3SU
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strat.ion of a single injection of 40 to 50 milligrams copper in mid-

pregnancy ß, eO, 104) or inrnediately prior to mating (190) when in-

fertility due to copper deficiency is suspected. Please refer to the

review on toxicity for reservations on injectable copper supplementa-

tion for sheep.

Ïnjectable supÞlements have several advantages over other sup-

plemental methods. They assure that a specÍfic dosage is received

by all animals, which is most important when sheep are concerned.

They reduce the inconvenience and frequency of treatment under range

conditions. The utilization of injected supplements is not impaired

by dietary sulfide and molybdenum (fgO) interactions in the gut.

Therefore, the biological availability of injectable copoer supple-

ment.s may be superior to that of oral supplements.

12. Copper Toxicitv

Ruminants lack a control mechanÍsm to restrict absorption and

liver storage of copper when ingested in leve1s exceeding the require-

ment. For this reason, copper poisoning may be a serious problem

when supplementing cattle and particularly sheep. Chroníc copper

poisoníng has three definite stages (152). The fírst is the accumula-

tion of copper in the tissues wíth no symptoms or abnormal blood

values. The second is defined by whole blood copper values in the

ranBe of twice that of normal with increased plasma bilirubin, serum

glutamic oxalo acetic acid transaminase (SGOT), and lactic dehydro-

genase values (llO, 200). The thÍrd stage is referred to as the

hemolytic crisÍs and is usually initiated by a stress of transpor-

tation, handlíng, or change of environnent. Signs are abdominal pain,
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dullness, increased thirst, generalized icterus and hemoglobinuria.

Blood values show increased methemoglobín, decreased hemoglobin and gluta-

thione and Íncreased blood copper levels from 5 to 8 times normal values.

This is the result of degeneratíon of the liver cel1s and release of

copper into t.he blood. The indicators of acute copper poisoning

(56) inctude enteritis, inflarmnation, diarrhea, and endocardial

hemorrhages indicative of a corrosive poison. Tissue copper levels

are not increased as greatly as in chronic copper poisoning.

There appears to be a dífferential susceptibilíty of cattle and

sheep to copper poisoning. Todd G91) is of the opinion that adult

bovines are more resístant than sheep and young calves. Cattle are

relat.ively resistant to chronic copper toxicit.y (106) while sheep are

fairly sensitive. Acute Ëoxícity is a problem ín both cattle and

sheep.

Literature reports of chronic copper poÍsoning of cattle show

intakes of 200 to 300 milligrams of actual copper per day to be safe

(56) bur a daily intake of 454 milligrams to be toxic over a fíve month

period (198). Total rat.ions containing 72 and 115 ppm of copper have

been found to be toxic (173), while a ratÍon of 50 ppm copper was

found safe for calves (213). Todd and Gribben (199) have reported

high blood copper values, wíth reduced hemoglobinr in cattle con-

suming a diet of 200 ppm copperr or an effective inEake of 3.3 grams

copper per day. This is far over the 5 gram per day of copper sul-

fate (1.25 grams copper) toxic limit set by Kidder (LzL). Chapman

et al. (44) found levels of up to 12 grams copper sulfate (3 grams

copper), aùninistered in a gelatin capsule, to be non-toxíc to cattle.
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When this level was administered as a drench, toxicity occurred. This

difference v/as attributed to the lower absorpt.ion of copper sulfate

when fed in the crystalline form (43).

The margin between safe and toxic dietary levels of copper sup-

plementation ín sheep is very narrovr, Dietary levels of 40 to 50 pom

copper have been acutely toxic (163, 170). Levels of 11 to 12 pp*

copper in the concentrate Trere found to cause chronic toxicity when

fed at a high level in conjunction with alfalfa hay of normal molyb-

date and sulfate status (109).

Haemolytic crises have arisen in sheep of normal (ffZ) and

deficient (118) status when copper calcium edatate was adminÍstered

at the recormnended dose of 50 milligrams copper during midpregnancy.

This supplement provides rapid absorption of copper, and in turn,

íncreases the risk of copper poisoning. By reducing the dosage to 30

milligrams copper, this danger is avoided, while still oroviding

adequate supplementation for a 6 month period under conditÍons where

ordinary supplementation is required (58). Toxicity arises in

housed sheep more frequently than in grazíng sheep. This presumably

is due to t.he higher availability of copper and lower availabÍ1ity of

molybdenum in dried as opposed to fresh herbage. In cases where

liver levels of sheep are potentially lethal, a daily intake of 100

mi11ígrams molybdenum is reconrnended for prevention and treatment of

copper poisoning (45).

13. Copper Residue Levels After Supplementat.ion

Little work has been done on residue levels of copper in animals

to sheep, hemolyticslaughtered for human consumption. I"iith respect
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crisis occurs before the liver levels exceed the normal range of 186

Lo 1314 pprn dry weight cired by Underwood (202). Sheep receiving 50

milligrams of copper parenterally as copper calcium edatate, which

developed hemolytic crisis, demonstrated liver and kídney copper levels

of. 2OO to 700 ppm and 25 to 100 ppm dry weighr respecrively (t18,

119). Sheep that developed chronic copper toxicity from consumption

of high levels of concentrate showed a liver level of 1326 ppm D.I^i.

(109). Chapman et al. (44) demonstrated increases in liver copper

Levels of beef catt.le supplemented with 0.5 to 8.0 grams of copÞer

sulfate daily as a gelatin capsule. Líver levels rose from 180 ppm

to 500 ppm wet weight (S+O to 1500 ppm D.W.). Liver copper levels of

beef cattle parenterally treated with copper glycinate, and receiving

a graín supplement conLaining 48 ppm copper (Z+O mg Cu/day) e increased

only to normal values whíle grazíng on pastures deficient ín copper

and excessive in molybdenum (77). Supplementation of defÍcient

cattle with copper should not increase 1Íver copper leve1s excessively

if the supplementation is kept within the reco¡mnended levels.

L4. Interrelated Minerals Tnfluenced bv Copper Supolementation

Copper ís antagonistíc to several elements (80). Two such

elements which are of concern are zínc and iodine. Tncreasing the

intake of copper through the use of salt or mineral supplements could

antagonize a potential deficiency situation of these two minerals.

Therefore, the use of iodized salt Ís necessary when orally supple-

menting with copper. Also, when supplement.ing in areas where forage

zinc levels are low, or deficient, supplementary zínc should be given
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in conjunction with copper. Appropriate 1evels of zinc supplementa-

tíon are 1/2 pound zinc oxide per 100 pounds salt (0.40% zinc) when

forage levels are 30 to 50 ppm zínc, and 1 pound zinc oxide per 100

pounds salt (0,80% zinc), when forages contain less than 30 ppm zinc

(zto).
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ÏII. INVEST]GATIONAI PROCEDURES

A. The 1974 Copper Deficiencv Srudy

Tn the spring of L914 a large scale study was initiated in the

North West agricult.ural region of Manitoba. The objects of this study

were to assess the severity and apparently Íncreased extent of copper

deficiency in beef cattle within t.he region. The efficacy of an

injectable copper supplement, as glycinate, was also to be assessed.

1. Fíeld Investigations

a). Description of the Study Area

í). Location and Extent - The North hlest agrículturaI region (Figure

2) extends from township (Twp) 19 northward to Twp 44 and from range

11 west (Rge tII,I) diagonally along the western shores of Lakes

Manitoba and l^IÍnnipegosís, r¡restward to Rge 29I^I at the Saskatchewan

border. The region also includes the Local Government District of

Consul lying between Twp 53 and Twp 57 and Rge 25!/ and Rge 29I^I. Thís

encompasses an area of approximately 3 million hectares (ha) (1trZO0

square miles). Approximately 1.5 mi11íon hectares (6000 square mÍ1es)

is agriculturally productive.

ii). Geographv - Doyle and Fletcher (76) described the region as

descending from the western bounded escarpment plaleau into the Swan

and Va1ley River basins and eastern lowlands of post-glacial Lake

Agassí2. The well drained plateau and escarpment area consists of

shale bearíng moderately calcareous ti11 with predominantly Orthic

Grey Luvisol (Typic Cryoboralf)a soils. The relatively poorly drained

aUnited States equivalent to Canadían nomenclature.
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FIGURE 2" North trrlest agricultural region of Manitoba"
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river basin and lowland regions consist of a complex mixture of sand,

silt and clay deposits with glacial ti11 and recent alluvium. Soils

in Èhese areas consíst of Regosols (Entísols), Gleyed Rego Black

Chernozems (Aquic Halpoboralfs) and Orthic Dark Grey Luvisols (Mo11ic

Cryoboralfs). The comparatively ferËi1e Swan and Val1ey River basin

areas are intensively farmed. The less productive soils of the eastern

lowlands and steeply sloping r^restern escarpment areas are utilized

for mixed farmÍng and livestock production. The frost free period

ranges from 128 days in the southerly portions to 114 days in the

most northern areas. Annual rainfall in the region varies from l+70

xo 495 millímeters with 228 to 21I mm occurring during the growing

season. Due to the very rapíd drop in elevation from the Riding, Duck

and Porcupine Mountains, incidences of high rainfall cause a rapid

run-off situation into the Swan and Valley River basÍns. During such

periods subsequent inundation of the eastern lowland region is not

uncoflEnon, causing difficulties in agricultural production.

b). Sampling and Treatment Procedures

Thirty-one herd locaËions were sampled from all areas within the

North West region. These herds were chosen by rural veterinary

practitioners and agricultural representatives on the basis of loca-

tion, accessibility and facilitÍes for testing and owner co-operat.ion.

Tn addition, thirteen more herds were surveyed at the end of Ehe

pasture season. These herds were chosen from specifÍc trproblemrr soil

formations suspected of promoting elevated forage molybdenum 1eve1s.
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i). Animal Investigations - The thirty-one test herds Íncluded in the

deficiency study were sampled and allotted to treatments in May and

June of I974 and resampled at the end of the pasture season. Four of

these herds ¡nrere retreated and sampled again after 90 days on pasture.

Two of these four herds hTere resampled at 30 day intervals on pasture.

Treatment and sampling were achieved by the use of a portable

weigh-scale squeeze chute.a All test animals v¡ere identified

(Appendix I) as cow plus corresponding calf units (cow-calf units) or

as a single animal yearling unit. The animal units were alternately

alloLted to either the non-treated cont.rol or treated group as they

were driven up the handling chute. The Ëreated group of animals v¡ere

parenteralty injected with a copper supplementrb subcutaneously ínto

the side of the neck. All animals were weighed and a sample of hair

and blood were taken for copper determination. The haÍr was clioped

from the area of the scapula and thoracic vertebrae, placed in a

1abelled plastic twist-tie bag and stored for future reference. Blood

vtas dral¡in from the jugular vein and placed in stoppered glass tubes

for serum separation.

ii). Soil and Forage fnvestigatÍon - Samples of soil and forage were

taken from the test herd pastures and from potential problem herd

locaÈions in the regíon. Sample sites within a pasture were located

"Sílrr"t King Products, Heldenbrand and Son Mfg. Co,, 1012-14 South
Agnew, P.O. Box 82367, Oklahoma City, Oklahoma, USA, 73108.

h-Cumol brand copper glycinate, Cutt.er Laboratories, Berkeley,
California, USA, 94110, containing 60 mg active copper per ml.
Dosage 60 mg per calf, 120 mg per animal over 500 lb (ZZS UÐ.
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in an area representative of that pasture. At each sampling Iocation,
a soil probe was sunk Èo a depth of 15 c¡n (6 inches). This sample was

placed in bucket A. The probe was then sunk to 60 cm (24 inches) and

that sample placed in bucket B. Replacing the probe, a 5 meter cord
attached to the probe was used to desÍgnate a r0 meter circle. six
subsíte 0 to 15 cm soil samples were drawn from the circumference of
thÍs circle. These síx samples T¡rere placed in bucket A. samples

of forage \^rere taken from within the samplÍng circre with careful
attenËion to avoid root or rain-splash soil contamination. These

forage samples were placed in bucket c. The material from each bucket
was mixed thoroughry and a representative sample placed in a 1abel1ed

paper container for air drying.

2. Laboratorv Tnvestigations

a). Sample Preparation

i). Animal sampres - The ínitial and final body weight varues were

used to calculate weight gains for the cows, calves and/or yearrings
at each of the thirty-one test herd locations. Body weight varues

were not recorded for the thirteen addit.ionar farr survey herds.

All blood samples for copper determination were processed within
48 hours of sampling. The samples vrere arlowed to clot and the serum

to separate. The clots v¡ere removed with wooden appricator sticks
and the resultant serum vras spun ín a sorvall centrifuge, moder GLC-I

equipped with swing bucket omni carriers, at a relative centrifugal
force of 477 for I minutes. The serum was either decanted or pipetted
inËo labelled plastic snap-cap containers to avrait analysis. All hair
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samples were stored for reference if requíred after analysis of the
serum samples was completed.

ii)' soil and Forage sampres - The air dry soil sampres were ground

ín a mortar and pestle to an approximate minus g0 mesh (177 micron)
fineness. These samples were then stored in rabelled plastic twist_
tie bags' The air dry forage samples were ground in a stainless steel
mil1 fitted with a one mirrimeter screen. The ground samples T/¡ere

st.ored in labelled twist_tie plastic bags.

b). Analvtíca1 Methods

i). serum and Hair samples - The serum sampres from this survey vrere

analysed for total copper by the Feed Anarysis Laboratory of the
Manitoba Department of Agriculture. Analysis was compreted by dirut_
ing a 2 míLliliter alloquot of serum ü/ith 2 rnilliliters of deionized
vraterr mixing and aspirating directly into a perkin-Elmer model 403

atomic absorpËion spectrophotometer. The hair sampl_es taken during
this survey &rere not anarysed for copper content. Due to Èhe dif_
ficultÍes of preanalyticar creaning of the hair, it was felt that
the information derived from this parameÈer would not v¡arrant the
analytical cost and time expenditures.

ií). Soil and Forage Samples _ The soil and forage samples were

for copper, zinc, iron, manganese and molybdenum by the Department of
Geological sciences, university of British columbia, vancouver. The

samples were r¡ret-ashed by using a nitric-perchloric acid digestion
Q6). Molybdenum was derermined by a modif ied dithÍo1 (107)
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colorimetric procedure. The analyses for copper, zinc, iron and

manganese r\tere completed lárith a Lectron AA-4 atomic absorption spectro-

photometer, corrected for background absorption.

3. Statistical Analysis

The effect of treatment with parenteral copper supplementation

on changes in body weight and serum copper level vras det.ermined by

the covariance F-test of adjusted means ín a one-way classifícation

(183). This analysis (Appendix T) of variance r¡ras selected as it

adjusted for the large variation in the initial body parameter values,

thus avoiding bias to changes in those values during the test period.

The initial body parameter values were designated as rXrt and the

change over time values as rrYrr. These values were used to calculate

the corrected sums of squares and cross products for the total, Lreat-

ment and error variations and the corresponding reduction due to

regressíon values. These values, ín turn, r^7ere used to calculate the

sums of squares (SSr), mean squares (MSr) and resultant F-ratio values

for the deviations from regression.

This analysÍs was completed for the cows, calves and/or yearlings

at each herd location. The cows and calves of each cow-calf unít

were analysed separately, as opposed to a single unit, in an attempt

to isolate any possible differences in efficacy of the injectable

supplement on the two different production phases.

B. TIIE 1975 AND 1976 SO]L AND FORAGE SURVEYS

Preliminary results from Èhe 1974 copper supplementation study

indicated a copper defÍciency problem in cattle throughout the study
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region. For this reason a soil and forage survey program vias initiated

with the Department of Geological sciences, university of British

Columbia and the Department of Plant Science, University of Manitoba.

The objects of this survey r¡rere to define t.he type and potential

severity of copper deficíency in t.he North l,Iest region in terms of

forage copper and molybdenum 1evels. An attempt would also be made

to correlate forage micronutrient leve1s to specific soil types or

associations in an effort to establish deficiency patterns. These

could be used as diagnostic tools for predicting deficiency problern

areas.

1. Field lnvestigations

a). Description of the Studv Area

í). Location and Extent - rn 1975, approximaÈely 1 million hectares

agriculturally productive land in the study region was surveyed. The

survey encompassed an area from Rge l9w to 2g\l by Twp 23 to 34 plus

R.ge 25w to 29\I by Twp 35 to 38. These areas are covered by the swan

River, Grandview and Rossburn soil survey Reports plus an area lying

between the northern border of the Grandview soil survey map, follow-

ing a northwesterly direction along the west shore of Lake Winnipegosis,

to the easterly border of the sr^¡an River soÍ1 survey map area. The

remaining agriculturally productive area of the region was surveyed

in r916. This included three areas includíng firstly, an area from

Rge 1ltr{, along the westerly shores of Lakes Manitoba and Winnipegosis,

to Rge 18I'I by Twp 21 to 33, secondly, an area covering Rge 24I^i to

29w by Twp 37 to 42, and thirdly the Local Government District of
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consul from Rge 251tr to 29\I by Twp 53 to 56. These areas correspond

to areas on the I^Iest Lake, Ste. Rose, Grahamdale, Swan River and

Pasquia Soil Survey Reports.

ii). Geographv - The area surveyed in !975 represents the v¡ell drained

western escarpment and Swan and Va11ey River basin areas. This area

is steeply to gently sloping land based on shales, silts and sands

of the Jurassic and cretaceous formations of the Mesozoic period.

The L976 study area roughly corresponds to the more poorly drained

eastern lowland region of glacial Lake Agassiz. This area is based

on Jurassic shales, sandstone and limestone of the MesozoÍc period

and Middle and Upoer Devonian limestone and domolite formatÍons of

the Palaeozoíc period.

b). Sampling Procedures

i). selection of sample sites - The sampling sites were selected at

random at a frequency of 3 sites per township of 36 square miles.

They were located on pasture or hayland and at a minimum distance of

50 meters from any road allowance to reduce road-dust contamination

and subsoil disturbance. The sample location was selected within a

pasture area to represent the inunediate area in terms of topography,

overburden and soí1 type. Each sampling site was located on canada

Survey and Soil Survey maps. Their location was identified in terms

of township, range and sect.ion and in terms of universal Transverse

Mercator (UTM) Grid.
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ii). Soil and Forage Samples - The sampling procedure used ín the 1975

and 1976 surveys was that used in the L974 study except that the for-

age samples hTere divided into legume and non-legume fractions. Field

notes were made at each site (Appendix I). These notes contaÍned in-

formation on site number, location in terms of township, range, section

and UTM grid, soil type and parent material, forage composition and

sample identífication, In the 1976 survey, the sample data sheet

used in 1975 was altered to include recording of analytical data and

thus assist in consolidation of information. All samples were identi-

fied by yearr project code, site number and consecutive sample number.

For example, sample 75-NWM-I7-50 is translated to 1975, North l^iest

Manitoba, Site No. L7, Sample No.50 (each sample number is unique).

Each site location and number vras marked on Canada Survey and Soil

Survey maps. These maps then provided the UTM co-ordinate, soil type

and parent material information for the data sheets. The surveys

Ì¡rere completed betÎ¡reen approximately June 15 and August 15 of each

lêãT o

2. Laboratorv fnvestigations

a). Sample Preparation

i). Soil Samples - All soil samples were air dried and stored in

paper containers. Funding became available in L977 and 1978 for

analysis of the 870 soil samples taken during these tv¡o surveys. The

samples htere passed through a minus lO mesh (Z nu'n) nylon sievea. One

uNit"* monofilament
S.H. Thompson and
Montreal, Quebec,

nylon screen, Tetko Inc.,
Co. Ltd. , 235 Mont.pellier
H4N 2G3.

distributed by B and
Blvd., St. Laurent,
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half of each síeved sample was placed in a 1abelled twist-tie plastic

bag for organic matter and pH determinations. The second fraction

was ground in a high speed stainless steel blender and passed through

a minus 80 mesh (L77 micron) nylon sievea. This fraction v¡as stored

in a 1abel1ed twist-tÍe plastic bag for determination of copper, iron,

zínc, manganese and molybdenum.

ii). Forage Samples - All forage samples were allowed to air dry in

the paper sampling bags. The samples vrere ground in a stainless steel

rnill fitÈed with a one miltimeter screen, as v¡as done in L974. The

ground samples were divided into duplicate fractions and stored in

1abelled twist-tie plastíc bags. One duplicate fractíon was sent to

the Department of Geological Sciences, University of British Columbia,

Vancouver, for determination of copper, iron zinc, manganese and molyb-

denum. The other duplicat.e was sent to the Department of Plant Science,

University of Manitoba, I,rlinnipeg, for calcium, phosphorus, magnesium,

potassium and nitrogen determinatíons.

b). Analvtical Methods

i). Soil Samples - Analysis of the soil samples from these surveys

starËed in L977 and continued, as budgeËary funding became available

until 1979. The minus 80 mesh fraction of soil from each sample was

analysed for copper, iron, zínc, manganese and molybdenum according to

the analytical methods outlined in the 1974 Copper DefÍciency Study.

uNit.* monofÍlamenË
S.H. Thompson and
Montreal, Quebec,

nylon screen,
Co. Ltd. , 235
H4N 2G3

Tetko Inc., distributed by B. and
Montpellíer Blvd., St. Laurent,
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The minus 10 mesh sample fractions were used to determine the

organic maÈter and pH determinaLions. Organic matter was determined

from the weight loss incurred during ashíng in a muffle furnace at

500 degrees Celsíus for 3 hours. Soil pH was determined by saturating

10 grams of sample vtith l0 milliliters of distilled Tórater in an 85 ml

paper cup. The suspension was stirred 4 times at 10 minute intervals

using a disposable plastíc rod. The pH was measured after the sus-

pension had settled for 30 minutes using a Metrohm Herisau pH meter.

Preparation of organic soils required the addition of up to 40 ml of

distilled water to fully saturate the 10 gram sample. After saturation

of these samples of organic soils, the above procedure was followed.

íi). Forage samples - Analysis of the forage samples from these

surveys started in 1975 and was completed in 1917. The methods of

determining copper, iron, zínc, manganese and molybdenum by the

university of British columbia were the same as those outlined for

the L914 copper Deficiency study. The analytíca1 methods for deter-

mínation of calcium, magnesium, potassium, phosphorus and nitrogen by

the University of Manitoba were those of the Associat.ion of Official

Analytical chemists (10). calcium, magnesíum and potassium were

determined usíng a Perkin-Elmer model 303 atomic absorption spectro-

photometer corrected for background absorption. Phosphorus v¡as deter-

mined colorimetrically usíng a Bausch & Lamb Spectronic 20 colorimeter.

Nitrogen was determined by the Kjeldahl procedure.
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3. Statistical Analvsis

The resultant analyses from the forage samples taken during the

1975 and 1976 surveys vtere subdivided into three groups: legumes,

native grasses and improved grasses within each year. The mean,

standard deviation and range were calculated for each element, within

each forage type, within each year. A Student-Nev¡man-Keul (183) test

of means (Appendix I) was run between forage types within elements,

within each year. Elements vrere not compared between years as the

areas surveyed did not represent dístinctly different areas, and it

was felt that any differences betv¡een survey areas would be more

attributable to a year effect rather than an area effect. I^Iithin the

1975 survey, molybdenum determínations were divided into tvro groups

for each forage type based on sample sÍte location. Mean molybdenum

values east and west of t.he eastern boundary of the Ashville Geological

Formation \Áiere compared, within forage types, by a Student-Newman-Keul

test of means. This represented a comparison of forages grov¡n on

molybdeniferous calcareous shale parent materíal to those gror"tn on

calcareous limest.ones, sandstone and recent sedimentary and alleuvial

deposít parent materials, without any complicatíng year effects.

The soil analyses from these surveys were not completed in time

for publication with this díssert.atíon. A sunrnary and statistical

anal-ysis of the soil analyses between soil depths and between geologúc

areas will be published separaLely.
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IV. RESULTS AND DISCUSSION

A. The 1974 Copper Deficiency Study

The body parameter values for each herd location adroinisËered

with injectable copper are listed in Appendix IfA. The serum copper

values of the additional herds tested 1n the fall of 7974 are gíven

in Appendix IIB. Appendix IIC contains the monthly change in serum

copper value during the grazing season for tv¡o herds Ëhat were treated

at zero and 90 days on pasture. The forage and soil analyses from

locatÍons surveyed ín 7974 are listed in AppendÍx IID.

Several major findings can be drawn from these results. Firstly,

that the average serum copper values for the cows and calves v¡ere

0.56 Ug/ml and 0.68 Ug/m1 respectively in the spring of 7974 (TABLE

3). Both these values are within the range considered subnormal for

cattle and indicate a potential widespread deficiency problem.

Secondly, the serum copper value for the cows \^7as considerably lower

than that for the calves. This may be a reflection of the dam

sacrificing her reserves of copper for the benefit of the calf or a

difference in the utilization of dietary or endogenous copper.

Thírdly, the serum copper levels of the cattle on pasÈure Ín the

North i^Iest region tended to remaín fairly constant or decline over

the grazing period. This suggests a possible deficiency of available

copper in the forages in this region. This is substanÈiated by the

results in Appendix IIC where the control animals demonstrated a

general decline in serum copper level during the pasture season.

Fourthly, the serum copper values of cattle gtazing pastures in the



TABLE 3. Sunrnary of mean
without copper
Mani toba.

Product i on
Tvpe Total

1. Herds subjected

body weight (t e)
suppl ementation,

Cow

Cal f

Number of animals

Control Treated Initial

to treatment at 0 days on pasture

Eastern Lov¡lands (herds 1

L94 95 99

L94 95 99

Cow

Cal f
Yearling

and serum copper (Ug/ml)
gr azing copper def icient

Va1ley Ríver Basin (herds

2L6

160

9

_ Body weight response

Cow

Cal f
Yearling

to B)

454.5

63.1

g to t8)

426.0

67 .g

27 0.4

107

79

4

Swan River Basin (herds L9 to 27)

responses of cattle, with and
pastures in northwestern

Control Treated

(herds 1 to 27).

Ls2

I52
9

t09

81

5

72

72

4

2L.3

133.5

Serum copper response

fni tial

BO

80

5

24.5

L32.5

58.0

L24.6

88.5

453.5

17 .3

322.0

Control Treated

0.55

0. 68

53.8

L2L.O
or 'l

66.3

140. 9

lo7 .l

0. 10

-0.01

0.50

0. 65

0.41

-7 2.3

138.8

I 04.3

0.17

0.12

-0. 10

-0. t3

0. 03

0.61

0.66

0.70

0.02

0.02

o.2L

-0.2I
-0. 2g

-0.45

-0.07

-0. 07

-0.40
Ltr
O



TABLE 3 (Continued)

Production
Tvpe

Cow

Ca1 f
Yearl ing

2. Herds

Covr

Cal f
Yearl ing

Cow

Cal f
Yearl ing

Total Control Treated

Mean response of herds treated

Number of animals

562

s06

1B

subjected to treatment

Valley River Basin

48 25

48 25

22 11

Regional mean values

610 299

s54 27L

40 19

274 288

246 260

B 10

-þody 
weight response

fnítial Control Treated

at 0 days on pasture

443,3 47.4 54.2
6t.L 132.9 130.9

296.2 gg.1 gg.2

at 0 plus 90 days

23 410.8

23 56.0

11 230.5

at start of test
311 440.7

283 66.L

21 260.L

on pasture (herds 28

Serum copper response

Initial Control Treat.ed

54.2

L36.4

145 .0

0.55 -0.06 0.05
0.66 -0.12 0.03

0.59 -0.21 -0. l0

to 31).

0.73

0. gg

0.65

0.56

0. 68

0.62

4L.6

L37 .3

L44.5

-0. 09

-0.21

-0.22

0. 07

-0. 10

0.08

Continugd . . .. . o.. .. .. ...



TABLE 3 (Continued)

Number of animals
Product ion

Tvpe

3. Herds subjected to fal_1 sampl_Íng only

Total Control Treated

Cow

Valley River Basin (herds 43 to 44)

99

Swan River Basin (herds 32 to 42>

109

L07

Cow

Calf

Bodv weight response

Tnitial Control

(herds 32 to 44)

Treated

Serum copper response

ïnitial Control Treated

0.44

0.53

0.s1

(¡
N)
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Eastern Lowlands area did not demonstrate this general-ízed regional

decline in serum copper value (TABLE 3) to the same degree. This

suggesEs that the forage copper deficÍency situation may not be as

severe Ín this area as in the Swan and Valley River basin areas.

1. Forage and Soil Analyses

The forage analyses shown in Appendix IID show a widespread

primary andfor secondary (due to molybdenum) deficiency of copper in

terms of cattle production. The 1eve1s of zinc and manganese are

also below that required by cattle. The allowances for cattle of

zinc and manganese are accepted as 30 to 50 pprn and 20 to 40 ppm

(45, 270) respectively.

The soil analyses in Appendix IID indÍcate that the low forage

levels of copper and zinc are a function of relatively 1ow levels of

these elements in the soil. The low levels of these elements in the

forages is accentuated by the reduced availabilÍty of these cations

from the soil due to the calcareous nature of the soils ín the study

area. This is substantiated by the very 1ow levels of manganese ín

the forages compared to the content of the corresponding soil samples.

2. Body I^Ieíght Response to Supplementation

The statistÍcal analyses of the body weight gains at each herd

location are given in AppendÍx rrrA. The covariance F-test of ad-

justed neans was used to test the significance of the effects of in-

jectable copper on body weight gain in cattle grazing copper deficient

Pastures in the study area. A summary of the statÍstícal analyses

by herd and by anirnal type is gi.ven in TABLE 4.
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The administratÍon of injectable copper, as glycinate, at zero or

zero plus 90 days on pasture, did not influence body weight gains in

the cattle of this study (P<0.10). Only six of sixty-four herd groups

showed a signíficant response to supplementation. Two of these groups

(cows in herds 17 and 31) were negative responses, one of which r¿as

supplemented tv/ice on pasture. There !üas no trend in a signíficant

effect of supplementation relative to copper status of either the

animal or forage at these herd locations. Therefore, these six herd

groups probably represent the l0 percent (Type I) error due to chance

alone. In sunìmary, the level of supplementation, eiËher at zero or

zero plus 90 days on pasture, uras inadequate to show a body weight

response when administered parenterally to copper deficíent cattle

grazíng pastures deficient in copper.

Serum Copper Response to Supplementation

The statistical analyses of the serum copper responses to parent-

eral adrninistratÍon of copper are listed ín Appendix IIIB. Again,

the covariance F-test of adjusted means r¿as used to Èest for signífi-

cance of response. A summary of the statistical analyses by herd and

by productJ-on group is given in TABLE 4. Thírty of sÍxty-four herd

groups showed a signiEicant (P<0.10) response to treatment. All of

these responses were positive. A positive response vras interpreted

as an j-ncrease in serum copper value when the value of the control

group was constant, or increasÍng, during the grazíng period. For

herd groups in which the serum copper value of the control group

declined during the grazing period, a positive response rùas interpreted

as a reduction in this decline in serum copper value.

3.
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TABLE 4. Sunrnary of herd group responses using the covariance F-test
of adjusted means for effects of injectable copper
supplementation on body weight gain and change in serum
copper 1eve1 in cattle grazíng copper deficíent pastures
in northwestern Manitoba.

Body weight. response Serum copper response
Herd Locati on Cow Calf Year 1 ing Cal f Year I ing

. el
-t-

+
+
+c
+
,e

-1-

+a
+

+c
,e-t
+
+.
,b

-1-

.c+

,a-r

,e-r

1td"fir,"d as çigníficanrly different response (p(0.10), b(p<0.05),
"(p(0.025), '(P<0.01), e(p<0.005) of rhe rreared versus Ëhe
control group at that herd location.

2 H"td" 28 to 31 supplemented at 0 and 90 days as opposed to 0
days on tesÈ only.

Cow

I
2

3

4
5

6
7

8
9

10
1l
L2
13
L4
i5
l6
L7
18
L9
20
2L
22
23
24
25
26
27
282
29
30
3l

Eddystone
Ste. Rose
Dauphin
Rorketon
Winnipegos i s
Garl and
Pine River
Campervi I I e
Gilbert Pl.
GÍlbert P1.
Grandview
Grandvi ew
Shortdal e
Rob I in
Robl in
Rob 1 in
Rob l- in
Si lverton
Benito
Beni t.o
Kenvi I I e
Swan River
Swan River
Minitonas
Minitonas
Renwer
Bellsite
Gilbert Pl.
Grandvi ew
Rob l in
Roblin

;¡-
.d-t
.c+

+
I

I

+
+
+e

â
+*
+
f

;
.e
+.
,o-1-

+a

+

+
-L
l¿

!

D+
+
+
,e-r.
,c-1-

+e

+
+
,e-r
,a1-
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+
+
+
,et
+
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+
+
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+

luf

+

+
+
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+
+
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I
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I

;

+
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The adminístratíon of injectable copper showed responses in all

herd group production types and in groups of slíght, moderate and

severely deficíent copper status. There \das no evidence of trends

between response to treatment and either initial serum copper level

of the herd groups or copper status of the forages at the herd location.

This is because the serum response cannot be meaníngfully related to

the initial serum copper status, as this value does not reflect the

status of the grazing animal between the initial and final test dates.

A1so, the forage analyses reflect the total nutrient concentrations

of those samples on the sampling dates, and do not reflect fluctuations

ín total or available nutrient levels, especially molybdenum, with

raínfa1l or forage type.

A possible explanation why supplementation did not give a more

uniform response for dífferent production groups, and for different

locations, ís that the amount of supplementatÍon administered was

inadequate to achieve this trend. The parenteral supplement \,tas

sufficient to maintaín a significantly positive response in almost

50 percent of the herd test groups, but was insufficient to maintain

improved serum copper levels, until the end of the test period, in

the remaining groups (P<0.10). The serum response to treatment in

these remaining groups may well have shown a response during the test

period, but once the supplement was depleted, the serum level of these

aninnals would return to or near the level of the control animals.

This is substantiated by the test results of the herds treated at

zero plus 90 days and blood sampled every 30 days on pasture

(Appendix IIC). The control groups ín these herds declíned in serum
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copper 1eve1 over the grazLng period. The groups of treated animals

demonstrated a slower decline in copper status with recovery by 30

days after the 90 day treatment. The administered supplement v/as

partially effective in reducing the decline in serum copper of cattfe
gtazing copper deficíent pastures, but v¡as ineffective in increasing

serum copper levels to normal and maintaÍning these levels throughout

the grazing period. This is supported by the total lack of normal

serum copper values at the end of the test perÍod.

B.

1. Soil Analyses

The analyses of the soil samples from the 1975 and 1976 surveys

\,tere not completed by the end of 1978. A summary of these values will
be published separately from this dissertation. The summary will
investigate differences Ín micronutri-ent levels between sample depths

and between major geologic areas of northwestern Manitoba.

2. Forage Analyses

The key to site locations and sample descripti-on for the 1975

survey Ís given in AppendÍx rvA. The corresponding key for the area

surveyed in L976 ís given in AppendÍx vA. The forage analyses from

the 1975 and 1976 survey areas are contained Ín Appendices rvB and

vB respectívely. The staÈistical analyses of the forage nutrients
betr'/een f orage types, within areas , are summari-zed in Appendices rvc

and VC- The analyses of variance for molybdenum l_evels of the dif-
ferent forage types, between major georogic areas of northwestern

ì"IaniËoba, are given in Appendíx rvc. A summary of the anaryses from
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the 1975 and L976 survey areas,. indicating differences in nutrient

concentratíons between forage types (Student-Newman-Keul test of means),

is compÍled in TABLE 5 below. TABLE 6 contains a breakdown of the

molybdenum concentrations, withÍn forage types, between areas east and

west of the major geologÍc boundary lying between the Ashville and

Swan River f'ormaÈions.

The summary of nutrient levels of forages in TABLE 5 indicate

major dífferences among forage types. These differences are, in

general, expected for these nutrienEs. The major point that can be

dravsn fro¡n TABLE 5 is that the mean 1eve1s of several nutríents are

defícient in terms of cattle production (210). The results frorn both

surveys indicate a primary defj-ciency of copper and zinc in al1 types,

a primary deficiency of manganese in irnproved grasses and legumes,

and a secondary copper deficiency, in legumes. The molybdenum con-

centrations of grasses \,üere consistently hígher for both natíve and

improved grasses in the 1975 survey area than in t]ne L9j6 survey area.

since there was insufficÍent overlap of survey areas, a between year

effect on forage molybdenum concentrations could not be assessed. The

1975 survey area, however, did encompass areas on both sides of a

rnajor geological- boundary lying between the Ashville and Swan River

Geological Foundations (76). TABLE 6 shows the molybdenum concen-

trations of grasses to be significantly higher in both native (p<c.05)

and improved (P<0.01) Elrasses in the area r,rTest of this boundary. This

may explaÍn the apparently less severe copper deficíency situation of

the Eastern Lowlands area noted in the 1974 study.

The primary deficiencies of copper, and zinc in the forages are



TABLE 5. Analysí s

Copper (ppm)

Native grass
Improved grass
Legume

rron (ppm)

Native grass
ïmproved grass
Legume

Manganese (ppm)

Native grass
ïmproved grass
Legume

Molvbdenum (ppm)

Native grass
ïmproved grass
Legume

of nutrients between forage

1975 Survey Area

36
299
LL4

X

2
5.13a-
5.50a
7.86b

types within survey areas of northwestern Manitobal.

sd

36
299
IL4

1 18.834
102.384
103.824

1 .31
1 .48
2.03

range

36
299
LL4

1.8- 7.3
L.B- L2.4
2.9 - L3.4

85.7 2

7 6.60
80.86

50.13a
29.6Lb
t8.27 c

1976 Survey Area

36
299
tt4

3L.3 -392,9
34.2-443.4
29,8-617 ,2

38.33
L7 .49

7 .49

x

5B
96
73

I.79 aA
3 .8BaB
5.89b

4.9IaA
5.83a8

LO.24b

I.9 -r43 .5
2.2-L09.2
7 .O- 49.6

sd

1_ .06
4.52
7 .30

57
94
7L

L55.Z'l,a
130.43ab
1 09. 93b

2.7 0
2.23
3.43

range

0.4- 5.0
0,2- 42.0
0.0- 64.0

58
96
73

L.4- Lz.O
2.L- 12.6
4.0- 25.9

9L.02
52.7 L

57 .95

45 .7 5aA
36.45a8
20.77b

58
96
13

52,6 -640.6
46.7 -6II .g
46.7 -27I.2

37 ,66
24.35
9.15

0.87a
2.43b
5.30c

6.5 -L7 6.6
I ,2-L35.4
7,2- 4L.1

0.39
2,89
3. s6

Continugd . ..... ... .. .. o

0.4- 2.0
0.4- 16.0
0.8- 20.0

Ltt
\o



TABLE 5 (Continued)

zinc (ppm)

Native grass
ïmproved grass
Legume

Nitroeen (%)

Native grass
ïmproved grass
Legume

Phosphorus (7.)

Native grass
ïmproved grass
Legume

Calcium (%)

Native grass
Improved grass
Legume

1975 Survev Area

nxsd

36
299
LL4

L9.43A 6.57
18.824 5.48
20.094 6.7I

36
299
107

L.2Ia 0.35
1.40b 0.39
2.7 3c 0.54

range

36
299
109

8.9 - 36.7
6,5- 46.5
7 .3- 49.7

0.13a 0.06
0.19b 0.07
0.22c 0.07

36
300
109

o,7 5 -2.I4
0.77 -4,rI
I.L4-4.32

1976 Survey Area

58
96
73

X

0,274 0.06
0.29a4 0.09
1.31b 0.39

24.934
22.20aA
32.Ogb

0.05 -0.3 1

0.05 -0.38
0.07-0.50

sd

58
94
69

LT.42
I .66

L6.94

1.63a
2,LIb
3.70c

range

0.15 -0.45
0.15-1.14
o.L4-2.20

58
94
69

9.L- 63.6
8.3- 55.0

12.4-L26.L

0.68
0.7 g
0.89

0. 15a
0.l_9b
0.24c

58
94
69

0.71-3.58
0.85 -4.75
L.57 -5.62

0.1_1
0. 08
0.L2

0.454
0.48a4
1.91b

0. 05 -0.8 2

0. 07 -0.41
0.07-0.79

0. 19
0.23
0.66

Continugd ...... .... ., ..

0.18-1.47
o.L9 -L.7 4
1 .56 -3.07

o'
O



TABLE 5 (Continued)

Magnesium (%)

Native grass
Improved grass
Legume

Potassium (%)

Nat.ive grass
Improved grass
Legume

1975 Survey Area

lair dry basis , gO% DM,

36
300
109

xsd

2M"rr," folLowed by the different letter are
capitals P(0.05; sma1l letters P<0.01"

0.184
0.16a4
0.34b

36
300
109

0.06
0.05
o.L2

0. 60a
o.79b
I .39c

range

0.09-0.31
0. 05 -0.38
0.08-0.70

0.31
0.38
0. 45

0.23-1.55
0.23 -2.26
0.22-2.47

1976 Survey Area

5B
94
69

;sd

significantly dif ferent ;

0.24p'
0.2BaA
0.5lb

58
94
69

0. 13
0.13
0.28

0. 90a
1.23b
1.75c

range

0.04-0.99
0.08 -0. B I
0. 22 -1.80

0.61
0. 67
0 .71

0.20 -2.62
0.23 -3.24
0.12-3.65

o\
H
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TABLE 6. Molybdenum concentrations of different forage types
between areas east and r¡¡est of the eastern boundary of
the Ashville Geological Formation in northwestern
Manitobal.

1975 Survev Area

Native Grass

;

)
1.40A-
2.488
r.79

sd

E ast
hlest
Total

Improved Grass

Eas t
West
Tot.aI

Legume

East
West
Total

23
13
36

1.70a
4.29b
3.88

4.87
6. 03
5.88

0. 69
L.28
1.07

L.25
4.90
4.52

1 .93
7.79
7 .30

range

0.4- 4.0
L.2- 5.0
0.4- 5.0

0.6 - 8.0
0.2-42.0
0.2-42.0

1.6 - 9.0
0. 0 -64. 0
0,0 -64.0

48
25L
299

15
99

LT4

tOO*, air dry 90% DM

,)
-Means followed by different letters are signíficantly different;
capitals P(0.05; smal1 letters P<0.01.
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probably due' in part, to low concentratíons in Ehe soi1, as indicated

in the soil analyses in Appendix rrD. These deficiencles are also

likely due, in part, to reduced availabilities of copper, zinc and,

manganese from the calcareous soils (32¡ in the survey areas. The

elevated molybdenum concentrations of legume forages are due to their

action of concentrating absorbed rnolybdates for utÍlization j-n nitrogen

fixation. The elevated molybdenum levels of grasses ín the area \,rest

of the swan River FormatÍon (Figure 3) can be related to elevated

soil molybdenum levels deri-ved from the shale bearing parenË maLerials

of the AshvíIle, Fave1, VermilrÍon River and Riding Mountain Geologic

Formations (157, 76). These elevated soil molybdenum 1eve1s are

generally confined to soils derived from these formations and are not

found in the area comprÍsed of the swan Ríver, Amaranth, ResÈon, Melita,

trnlaskada, Ashern, E1m Point, trr7Ínnipegosis and Dawson Bay Formations of

the Eastern Lowlands, which are derived from limestone and sandstone

parent materials devoid of shales, with two exceptions. These

exceptÍons are, firstly, along stream beds where alluvial action and.,

secondly, in areas of glacial sedírnent shift actj-on, has carried

molybdeniferous soils or shale material into nonmolybdeniferous areas.

There m¡y also be an effect of phosphate fertílizers, contaminated

with urolybdates, ín the more intensively farmed areas west of the

Swan River Formatj.on. There is no esËimaËe of the significance of

this factor at this Ëirne.
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4.

V. SI]M}IARY AND CONCLUSIONS

1. Serum analyses from 44 herds of beef cattle identified a situation

of widespread copper deficiency throughout the North i^Iest

agricultural region. The severity of defici-ency ranged from

slÍght to severe (below 0.5 Ug/ml) in the herd tesr groups.

Forage analyses demonstrated low copper andfor elevated molybdenun

levels in the forages at these test herd locations Ín relation

to cattle production.

3. Forage analyses also identified a potential situation of primary

zinc and manganese defÍciency in cattle due to 1ow concentrations

of these nutrients in pasture forages.

Anaryses of correspondíng soil and forage samples indicated that

the low 1evel of copper and zinc in forages r¡/ere probably due to

1ow nutrient concentrations in the soil. The low forage eon-

centration of manganese, and to some extent copper and zínc, has

been attributed to 1ow cation availability frorn calcareous soils.

The parenteral- adminÍstration of injectable copper as glycinate

to grazing cattle, at a dosage of 60 mg copper per calf and 120

mg copper per animal over 225 kg, at zero or zeto and 90 days on

påsture, dÍd noÈ affect body weíght gain (p<0.10). supplementarion

was sufficient Ëo maintain a positive serum response in approxi-

mately half the herd test groups over the grazíng season (p<0.10),

but was inadequate to increase serum copper levels to normal and

to maíntain these levels throughout the pasture period.

5.
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A major soil and forage survey was undertaken to identify the

Èype, severity and extent of copper deficient pastures affecting

cattle in northwestern Manitoba. The forage analyses frorn the

survey areas identified differences (P<0.01) in nutrient con-

centrations among forage types.

The forage analyses confirmed primary deficÍencies of copper,

zinc and manganese required for cattle production. Elevated

forage molybdenum levels, sufficient to cause a potential secondary

copper defi-ciency in cattle, were identifÍed in legumes through-

out the survey areas, and in grasses located on soils derived

from the shale bearing Ashville, Fave1, Vermillion River and

Riding Mountain Geologica Formations.

7.

B. The geological factors associated

North I^Iest region extend into all

Manitoba. The extent of possible

areas requires identification.

with nutrient irnbalances in the

agricultural regions of

nutrient imbalances i-n these
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VI. RECOM}MNDATIONS

1. The dosage of injectable copper may have to be increased to twice

the 1evel administered in the L974 study or adminÍstered at 30

day intervals until the animal reaches normal copper status and

Èhen adminj-stered at 90 day intervals as long as the animal is

grazing, deficient pastures .

The Iow concentTations of forage copper, zínc and manganese define

the need for additional supplementation of these nutrients for

more efficient cattle production. supplementaÈion may be carried

out by adjusting the 1eve1s of actíve copper, zínc and manganese

to 0.252, 0.80"Å and 0.312 respecrively (2ro) in rhe free choice

mÍneral supÞ1ement. rn areas of molybdenum toxicity, the copper

level may be raised to 0.50% while the cattle are on affected

pasrures. This mineral may be added to the grain supplement at

a level of one percent, providíng that no other sources of supple-

mental copper, zínc or manganese are added to the ration formu-

lation.

For production systems where mineral supplementatj-on is impractical

ínjectable supplements are índicated. A concerted effort is

required to lega1íze such supplements for use in Manitoba.

Estimates of the true availabilities of forage micronutrients

under the conditions present in northwestern Manitoba are

indÍcaÈed.

3.

4.
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5. EsËimates of the losses in cattle production due to the potential

deficiencies of copper, zinc and manganese identifíed in this

study are required.



69

VÏI. L I ST OF REFERENCES

l. Adelstein, S.J. and Val lee, 8.1., 1962. Mineral metabol ism,
Vo.1 . 2, p. 371-403, Acad. press.

2. Al ìcroft, R., 1946. Hypocupremia in cattle. Nature. 158 z 196.

3. Al lcroft, R., Buntain, D. and Rowlands, W.T., 1965. Adminîstration
of copper to lambs for prevention of delayed swayback: possible
tox i c effects. Vet. Rec . 77 : 614.

4. Al lcroft, R., Clegg, F.G. and Uvarov, 0., 1959. prevention of
swayback i n I ambs. Vet. Rec. 7l :884.

5. Allcroft, R. and Parker, W.H., 1949. Br. J. Nutr. J:20j, as
cited by Underwood (zoz).

6. Al lcroft, R. and uvarov, 0., 1959. Parenteral administration of
copper compounds to cattle with special reference to copper
glycine (copper amíno-acetate). Vet. Rec . ll: 797-810,

7. Anderson, 0.J.C. and Cunningham, 1.J., 19\6. Bìuestone topdressing
from the ai r. N.Z.J.Agr. 732 193-197.

8. Anke, M., 1967. Major and trace element content of cattìe hai r
as an indication of Ca, Mg, P, K, Na, Fe, Zn, Mn, Cu, Mo and Co
supplies. v. Mineral supply of dairy cows from weathered soils
of var ious geol og i ca I or i g i ns , measured from the content of bl ack
cattìe hair and red hop clover. Chem. Abstr., 66:92830j.

9. Archibald, J.G., 1951. J. Diary Sci. 34: 1026-102! as cited by
Underwood (zo+¡.

10. Association of 0ff icial Analytica Chemists (n.O.n.C.), 1975.
Of.f.icial methods of -analysis, l2th ed., \dashíngton, D.C.

I l. Barlow, R.M., 1963. Further observations in swayback:
l. Transitional pathology. ll. Histological local ization of
cytochrome oxidase activity in the central nervous system.
J. Comp. Path. 732 5l-60, 6l-67.

12. Barlow, R.M., Fïeld, A.C. and Ganson, N.C., 1964. Measurement of
nerve cell damage in the spinal cord of lambs affected with
swayback. J. Comp. Path. 74:. 530-54ì.



70

, Purves, 0., Butler, E.J. and Maclntyre, 1.J., 1960.south-east scotìand. r. Fierd aspects. r r. cr inicarand biochemical aspects. J. Comp. path. 70:396_lrlO,

14' Barlow, R.M., l!!!1., N.F., Derbyshíre, M.8., Gardiner, A.c. andRennie, J.C., 1976. gopp"i metabol ism in experimentaì borderd i sease. Vet . Rec. 9g: be_ag

13. Barlow, R.M.
Swayback i n
pathological
411-42t.

l5' l:ii:-' f'l', 1976. Factors affectins thesoils.
(C happe I

N. Y.

lnt. s

l6' Barshad, r., r948. MorybdenuT :ontent of pasture prants in rerationto roxicity ro cattle. Soil Sci. 66: lgl_igS.
17. Baxter, J.H. and Van ldyk, J.J., 1953. Buì1. John Hopkins Hosp.93: l,2s,Jl, as cited by under*ooã--eozi.

l8' Beck' A'B', r94r' Ausr. J. Exp. Bior. Med. sci. r9:r45,249.as cired by Underwood (ZOZ).

l9' 9ut!' A'8. , 1956- The copper conrent of r iver and brood. Ausr.J. Zool.4: l.

l.

Beck, A'8., 1961. Observations on the copper metabol ism of thedomestic fowl and duck. Ausr. J. Agr. R;;:-iZ",l+1.
Bennetts ' H.l'J. and Beck, A. B. , rg42. Enzoot ic ataxia and copperdef iciency of sheep in r{esturn Arrtralia. commonw AustraliaC.S.t.R.0. Bull., 147.

Bennetts, H.l^i. and Chapman., F.E. , 1937. Aust. Vet. J. l3: l3gas c i ted by Unde rwood (ZOZj , p . Ég .-' '

Bennetts, H.t/. "n9_l:ll, H.T.B., 1939: Bennets, H.W., Harley, R.and Evans, S.T.. 19.42;_Bennetts, H:W., Beck, n.g. and Harley, R.,t948. Aust. vei. J. í5, 152;-iiJ, 50; 24, tàl å, .¡ted byLeish (t30).

+. Bingley, J.B. and Dufty, J.H., 1969. Clin. Chim. Acta. 2h: 316,
t. Bornstein, p., Kang, A.H. and piez, K.A., 1966. proc. Nat.Acad. Sc i . , U. S. 55: 417 .

,. Bortels, H. , 1930. Arch. Mikrobiol . 1:333. as cited bySchrauzer (l7Z) .

Bowland, J.P., Braude, R., Chamberlain, A.G., Glascock, R.F. andMitchel l, K.G.. 1961. Br. J. Nutr. l5: 59 ai cited by Underwood(202).

molybdenum status of, 1975, p. 593-595.
Marce I Dekker, I nc. ,

r0.

2,

3.



28.

29.

30.

31 .

32.

33.

34.

35.

36.

37.

38.

20

1L

Branion, D.H., 1960. Conditioned copper deficiency in cattle.
Proceedings eighth international qrasslands conaress. 1960.

Bremner, K.c., 1959. Parasitic gastroenterìtis and its effects on
the blood and liver copper leveìs of dairy calves. Aust. J. Agr.
Res. 19:471 .

Britton, J.w. and Gross, H., 1946. chronic molybdenum poísoning
of cattìe. J. Amer. Vet. Med. Assoc. .l08: 

176-178.

Brockman, R.P., 1977. Concentration of copper in the livers of
Saskatchewan cattle at slaughter. Can. Vet. J. l8: 168-170.

Buckman, H.0. and Brady, N.C., 1963. The nature and property of
soils,6th ed., p. 462-465. MacMîllan

Bul l, L.8., Albiston, H.E., Edgar, G. and Dick, A.T., 1956. Aust.
Vet. J. 32: 229.

Burley, R.W.and de Koch, W.T., 1957. A comparison of the N-
terminal amino acid resîdues in the wool from normal and copper
defîcient sheep. Arch. Biochem. Biophys.68: Zl-29.

Bush, J.4., Mahoney, J.P., Gubìer, C.J., Cartwright, G.E. and
l{introbe, M.M., 1956. Studies in copper metaboìism XXl. The
transfer of radiocopper between erythrocytes and plasma. J. Lab.
C I i n. Med. 47 , 898.

Butler, t.J.,1963, Comp. Biochem. Physiol., g: l, as cited by
Butler, et al (Sl).

Butler, E.J. and Barlow, R.M., 1963. Factors înfluencîng the
blood and plasma copper level s ìn sheep in swayback flocks.
J. Comp. Path. 73: 107-l 18.

Butler, E.J. and Barlow, R.M., 1963. Copper deficiency in
relation to swayback. I Effects of molybdate and sulfate
supplements during pregnancy. ll with Smith, B.S.\./., Effect of
dos i ng young I ambs wi th mol ybdate and sul fate. J. Comp. path.
73: 208-213, 4t9-426.

Cardin, C.J. and Mason, J., 1975. Sulfate transport by rat ileum,
effect of molybdate and other an ions. Biochim. Biophys. Acta , 394:
46-54.

10.

ir.

Cartwright, G.E. and ìlJintrobe, M.M., 1964. Amer.
14: 224, 15:94 as cired by Underwood (zOZ).

Casper, H. , 1977 . Persona I commun i cat ion , North
Univ., Dept. of Vet. Sci., Fargo, N.D., U.S.A.

J. Clin. Nutr.

Dakota State



72

42. Chance, 8., Yonetani, T. and Mi ldvan, A.S. eds., l97l. probes of
structure and function of macromolecules ênd memlranes,;;-i-ã-

43. chapman, H.L. Jr. and Bel l, M.c., 1963. Relative absorption and
excretion by beef cattle of copper from various sources. J.
Anim. Sci. 22: 82-85.

44. chapman, H.L. Jr', Nelson, s.1., Kidder, R.w., sippeì, l{.L. and
Kidder, c.w., 1962. Toxicity of cupric sulfate for beef cattle.
J. An im. Sc i . 2t : 960-962.

45. Church, D.C : ! 127!. Digestive physiology and nutririon of ruminants,vol. 2, p. 453-504.

46. Clawson, W.J., Lesperance, 4.L., Bohman, V.R. and Layhee, 0.C.,
1972. lnterrelationship of dietary molybdenum and copper on
growth and tissue composition of cattle. J. Anim. sci. 34: 516-
520.

47.

48.

49.

50.

51 .

52.

53.

Claypool, D.W., Adams, F.W., Pendell, H.W., Hartman, N.A. Jr. and
Bone, J.F., 1975. Relationship between the level of copper in the
blood plasma and liver of cattle. J. Anim. Sci. 4l: 9l l-9ì4.

Cohen, H.J., Drew, R.T., Johnson, J.L. and Rajagopalan, K.V., 1973.
Holecuìar basis of the biologîcal function of molybdenum. The
relationship between sulfíte oxidase and the acute toxicity of
bisulfîte and S02. Proc. Nar. Acad. Sci.70 3655-3659.

Cohen, H.J., Fridovich, l. and Rajagopalan, K.V., 1971. Hepatic
sulfite oxidase. A functional role for molybdenum. J. Bior.
Chem. , 246t 374-382.

Comar, C.1., 1950. Symposiury oll copper metaboì ism, McEl roy, W.D.
and Glass, 8., "ds., Éaltimore, N¿.

Cook, G.A., Lesperance, 4.L., Bohman, V.R. and Jensen, E.H., 1966.
lnterreìationship of moìybdenum and certain factors to the development
of the molybdenum toxicity syndrome. J. Anim. Sci. 25: 96-101.

Cox, l,/.J. and Mueller, 4.J., 1937. The composition of milk f rom
stock rats and an apparatus for milking small laboratory animals.
J. Nutr. l3: 249.

cunningham, H.M., 1950. An investigation of the cause, prevention
and treatment of cattle disorders in the swan River valley of
Manitoba. M.Sc., Thesis, Univ. of Man.

Cunningham, H.M., Brown, J.M. and Edie, 4.E., 1953. Molybdenum
poisoning of cattle in the Swan River val ley of Manitoba. Can.
J. Anim. Sci. 33: 254-260.

54.



13

55. cunningham, J.J., 1931. Some biochemicaì and physiologicaì aspects
of copper in animal nutrition. Biochem. J. 25: 1267.

56. cunningham, 1.J., 1946. copper deficiency in cattle and sheep onpeat lands. N.Z.J. Sci. Technol. 27:381.

57 - cunningham, 1.J., 1950. copper and moìybdenum in relation to
diseases of cattle and sheep in New Zealand. symposium on coppermetabolism,McElroy,W.D.andGlass,B.,edS.,m
FõþR-ilFIess, Bat t imore, Md.

58. cunningham, 1.J., 19s9. parenteraì administration of copper to
sheep. N. Z. Vet. J. 7 : I 5.

59. Cunningham, l.J. and Hogan, K.G., 1958. N.Z.j. Agr. Res. l:841
as cired by Underwood (ZOZ).

60. Cunningham, l.J. and Hogan, K.G., lglg. N.Z.J.Agr. Res.2:134
as ci ted by Church (45) .

61. Cunningham, 1.J., Hogan, K.G., and Lawson, 8.M., 1g5g. The effectof sulfate and molybdenum on copper metabol ism in cattle. N.z.J.
Agr. Res. 2: 145.

62. cunningham, l.J. and Perrin, D.D., 1946. copper compounds as
ferti I izers for pastures deficient in copper. N.z. Sci. Tech.
28: 252-265.

63. Davies, D.G. and Baker, M.H., 1g74. Brood copper status of beef
herds in mid-tdales. Vet. Rec. 94:561-563.

64. Davies, R.E., Ried, B.L. and Couch, J.1., 1959. Storage of
molybdenum and copper in the I ivers of chicks. Fed. pioc., Fed.
Amer. Soc. Exp. Bioì. l8:522.

65. DavÌes, R.E., Ried, 8.1., Kurnich, A.A. and Couch, J.R. 1960.
The effect of sulfate on molybdenum toxicity in the chick. J.
Nutr. 70: 193.

66. Davis, G.K. , 19s0. The influence of copper on the metabol ism
of phosphorus and molybdenum. symposium oqcopper metabolism,
McEl roy, W.D. and Glass, 8. , e¿ ,Baltimore, Md.

)/. Davis, P.N., Norris, L.C. and Kratzer, F.H., 1962.
of soybean proteins with the uti I izatîon of trace
J . Nut r. 77 :217 .

De Renzo, E.C., Kaleita, E., Heytler, p., 0ìeson,
B.L. and l^/illiams, J.H., 1953. The nature of the
factor. J. Amer. Chem. Soc. 75 753.

I nte rfe rence
minerals.

J. J. , Hutch i ngs,
xanthine oxidase

18.



69.

70.

71.

72.

73.

74

Dick, 4.T., 1953. The effect of inorganic sulfate on the excretion
of molybdenum in the sheep. Aust. Vet. J. 29: 18-26.

Dick, 4.T., 1954. Aust. Vet. J. 30:196.

Dick, A.T., 1954. Studies on the assimilatîon and storage of
copper in crossbred sheep. Aust. J. Agr. Res. 5:51 l.
Dick, 4.T., 1956. Symposium on inorganic nítrogen metabol ism.
McE l roy, W. D. and G re ,
Md.

Dowdy, R.P., Kunz, G.A. and Sauberl ich, H.E., 1969. Effect of a
copper-molybdenum compound upon copper metabol ism in the rat.
J. Nutr. 992 4gl-Uge.

Dowdy, R.P. and Matrone, G., 1968. copper-molybdenum interaction
in sheep and chicks. J. Nurr. 95: l9l-196.

Dowdy, R.P. and Matrone, G., 1968. A copper-molybdenum complex:
its effects and movement in the piglet and sheep. J. Nutr. 95:
197-201 .

Doyle, P.J., and Fletcher, K., 1976. Molybdenum content of bed-
rock, soi ls, and vegetation and the incidence of copper deficiency
în cattle in western Manitoba. lnternationa_l sympo.sjum on
molyb.del-um in the environment , l97r; cFaffierson,

I Dekker lnc., Ñ.V.

Drysdaìe, R.A. and Li I I ie, L.E., 1977, Supplementation of copper
deficient cattle in northwestern Manitoba. Can. J. Anim. Sci.
57: 482.

Dunkley, l^/.L., Ronning, M. and Voth, J., 1963. lnfluence of
injection of cows with copper glycinate on blood and miìk copper
and oxidized flavor in milk. J. Diary Sci. t+62 1059-1063.

Dye, \^/.8. and 0rHara, J.C., 1959. Molybdenosis, Agr. Exp. Stat.
Bul l. 208, Univ. of Nevada, Reno, Nv.

Dyer, 1.4., 1967. Animal growth and nutrition, Hafez E.S.E. and
Dyer, 1.4., eds, p. i l idelphia.

Ellis, W.C., Pfander, W.H., Mubrer, M.E. and Pickett, E.E., .|958.

Molybdenum a dietary essential for lambs. J. Anîm. Sci. 17: 180-
t88.

Elvehjem, C.4., Steenbock, H. and Hart, E.8., 1929. The effect
of diet on the copper content of milk. J. Biol. Chem. 83r 27.

74.

75.

76.

77.

78.

79.

80.

8r.

82.



l5

83. Engel, R.W., Hardison, W.4., Miller, R.F., price, N.0. and
Huber, J.T., 1964. Effect of copper intake on concentration in
body tîssue and on growth, reproduction, and productíon in dairycattle. J. Anim. Sci. 23: I 160.

84. Fairhill, L.T., Dunn, R.D., sharpless, N.E. and pritchard, E.A.,
1945. U. S. Pub. Hea I th Se rv. , Bu I I . No. zg3 .

85. Fell, 8.F., Dinsdale, D., and Milìs, C.F., 1975. Changes in
erythrocyte mitochondria associated with deficiency of copper
in cattle. Res. Vet. Sci. l8: 274.

86. Ferguson, W.S., Lewis, A.H. and Watson, S.J., 1938. Action of
molybdenum in nutrition of mi lking cattle. Nature l4l : 5s3.

87. Ferguson, W.S., Lewis, A.H. and t{atson, J.S., 1940. The teart
pastures of somerset, Bul l. l. Jealottrs Hi I I Reserach Station,
lmp. Chem. lnd. Ltd., Bracknel l, Berke.

88. Ferguson, W.S., Lewis, 4.H., and l,latson, S.J., 19U3. The teart
pastures of somerset, l. The cause and cure of teartness. J.
Asr. Sci. 33: 44-51.

89. Findìay, G.M., 1965. Area, season and year
vitamin A and mineral element status of beef
M.Sc., Thesis, Univ. of Man.

effects upon the
cows in Manitoba.

90.

91 .

92.

)3.

)4.

Frieden, E., 1962.
Pullman, P., eds.,

Horizons in Kasha, M. and
by Underwood (202)

)5.

Frieden, E. , 1971. cerulopìasmin, a I ink between i ron and copper
metabol ism. Bioinorg"ni. 

"h"ritt ."r in chemistry series,
Gould, R.F. .

Frieden, E., 1974. The biochemical evolution of the iron and
copper proteins. Trace element metabol i sm in an imal s, Voì . z
(Hoekstra, W.G., S s.)
p. 105-l 18, Univ, Park Press.

Glenn, J.L. and crane, F.1., 1956. stud¡es on metal ìoflavoproteins.
The action of silicomolybdate in the reduction of cytochrome c
by aldehyde oxidase. B¡ochîm. Biophys . Acta 22: I I l.

Gomez-Garcia, G., 1972. lnvestigation of the bioìogical interaction
of copper, molybdate and sulfate. Ph.D. Thesís. N. Caroì ina
State Univ. as cited by Huisingh, J. and Matrone, G. (ll4).

Gorlach, E., Gorlach, K. and Compata, 4., 1969. Agrochimia l3:
506-512 as cited by Misra, et al (tl9¡.

Gross, H. and Green, M.M., 1955. Copper in hair. Science 122:
330-331 .

b iochem i st ry.
N.Y. as cited

)6.



97.

98.

99.

00.

Gubìer, C.J., Lahye, M.E., Chase, M.S., Cartwright,
t^/introbe, M.M. , 1952. Stud ies on coPPer metabol ism.
metabol ism of iron in copper deficient swine. Blood

Guggenheim, K., 1964. The roìe of zinc, coPper and
the etiology of 'rmeat anemia". Blood 23: 786-794.

Habel , J.D. , 1974. Copper for sheep. Dept. Agr i c.
Ext. Buì. 5/74.

Haì lgren, \{. , Karl sson, K. and Weamby, G. , 1954. Molybdenum
poisoning (molybdenosis) in cattle. Sverigl, Nord. Veterinarmed
6; \69-478, as cited by Kovalrskiy et al (124).

Hart,1.1., Gartroll, M.4., Chapman, H.R. and Bray, R.C.,1970,
The composition of mi ìk xanthine oxidase. Biochem. J. I l6: 85ì.

Hart, 1.1., Owen, E.C. and Proudfoot, R., 1967. The influence
of dietary molybdenum on the xanthine oxidase activity of
riminants. Br. J. Nutr. 212 617-630.

Hartmans, J. and Bosmañ, M. S.M. , 1970. Proc. I st int. symp.
Trace element metabol ism in animals , 1969, (¡'til ls, C.F. ed.)

Hemingway, R.G., MacPherson, A. and Ritchie, N.S., 1970. Proc.
ìst int. symp. Trace element metabolism in animals, 1969,
(¡rills, c.È., e .

Higgins, E.S., Ritchie, D.A. and \{esterf ield, W.W., 1956.
Molybdenum defîciency and tungstate inhibition studies.
J. Nutr. 59: 539.

Hil l, R., undated. Copper toxicity. CoPper jL farmîng :ymposium
Royal Zooì. Soc. Copper Devel. Assoc., 0rchard House, Hertz.

Hoffman, S.J. and I,Jaskett-Meyers, M.J., undated. J. Geochim.
Expìor. l: 6l-66 as cited by Doyle (76).

Hogan, K.G. and Hutchison, 4.J., 1965. Molybdenum and sulfate
in the diet and the effect on the molybdenum content of the milk
of grazing sheep. N.Z.J. Agr. Res.8: 625-629.

Hogan, K.G., Money, D.F.L. and Blayney, 4., .|968. The effect
of a molybdate and sulfate suppìement on the accumulation of
copper iÅ the livers of penned sheep. N.Z.J. Agr. Res. ll:435'

Hogan, K.G., Money, D.F.L., hlhite, D.A. and Waìker, R., 1971'
V/eight response of young sheep to copper, and connective tÌssue
lesions associated with grazing of pastures of high molybdenum

content. N.Z.J, Agr. Res. l4: 687-701.

76

G. E. and
lll. The

7: 1075-1092.

calcium in

S. Aust.

01.

02.

03.

04.

05.

06.

07.

08.

09.

10.



77

il1.

112.

Holmberg, C.G. ênd Laurel l, C.B. Acta.
(1947); 2: 250 (lg4B); S, 476 (195t) as

Howell, J.M., Edington, N. and Ewbank,
on copper and caeruloplasmin levels in
and I ambs. Res. Vet. Sc i . 9: I 60.

Chem. Scand. l: 944
cited by Underwood (zoz).

R. , I 968. 0bservat ions
the blood of pregnant ewes

113.

r r4.

Huisingh, J., Gomez, G.G. and Matrone, G., 1973, lnteractions
of copper, molybdenum and sulfate in ruminant nutrition.
Fed. Proc. 32: 1921-1924.

Huisingh, J. and Matrone, G., 1976, lnteractions of molybdenum
in animal nutrition. S),mp. on molybdenum in tl-re environment,
(Chappel l , t^/. R. and Pe '

Marcel Dekker lnc., N.Y.

Hurst, E.W., 1942. Aust. J. Exp. Biol. Med. Sci. 20: 297, as
cited by Underwood (zoz).

lnnes, J.R.M., 1936, Swayback, a demyel inating disease of lambs
with affiníties to schilders encephalitis in man. vet. Rec. 48:
| 539- 1 549 .

lshmael, J., Gopinath, C. and Howel l, J., 1971. Studies with
copper calcium E.D.T.A. Acute toxicity in housed sheep.
J. Comp. Path. 8l: 279.

lshmael, J., Gopinath, C. and Treeby, p.J., 1971. Blood copper
and serum enzyme changes fol ìowing copper calcium E.D.T.A.
administration to hi I ì sheep of low copper status. J. Comp.
Path. Bl: 455-461.

I schmael , J. , Howel I , J. and Treeby, P. J. , 1969. Deaths in ewes
fol lowing the administration of copper calcium edetate for the
prevention of swayback. Vet. Rec. 85: 205-206.

Johnson, J.1., Rojogopalan, K.V. and Cohen, H.J., 197\. Molecular
basis of the biological functíon of molybdenum. J. Biol. Chem.
249: 859-866.

I 15.

rr6.

'17 .

18.

19.

20.

21 .

22.

Kidder, R.W., 1949.
steer. J. Anim. Sci.

Ki rchgessner, M. and
Trace element metabol

Symptoms of induced copper toxicity in a
8: 623.

Grassman, E. , 1970.
ism in animals, 1969.

Proc. lst int. symp.
p. 277, as cited by

Underwood \202).

Knox, W. E. , 19\6.
oxidase. J. Biol.

The qu inine-oxidizing enzyme
Chem. 163: 699-711.

23. and I iver aldehyde



78

124. Kovaltskiy, V.V. and Yarovaya, G.A., 1966, Molybdenum -
infiltrated biogeochemical provinces. Agrokhimiya 8: 68-91.
Translated for U.S. Envi r. Prot. Agency by Translation Consuì tants
Ltd., Arl ington, Va.

125. Lahey, M.E., Gubler, C.J., Chase, M.S., Cartwright, G.E. and
Wintrobe, M.M. , 1952. Stud ies on copper metabol ism I I .
Hematologic manifestations of copper deficiency in swine.
Blood 7: 1053-1074.

126. Lamand, M., 1979. copper deficiency prophylaxis in grazing sheep
by copper oxide injection. Ann. Vet. Res. in press.

127. Lamand, M., Bel langer, J. and Geay, Y., 1969. Carence en cuivre
chez des tauril lons a I'engrais; infìuence sur la croissance
entraitement. Ann. Zootech. l8: 227-229.

128. Lassiter, J.W., and Bell, M.C., 1960. Availability of copper
to sheep from Cu-64 label led inorganic compounds. J. Anim. Sci.
I 9: 754.

129. Leach, R.M. Jr., Turk, D.E., Zeigler, T.R. and Norris,1.C., 1962.
Studies on the role of molybdenum în chick nutrition. Poul try
Sci. 4l: 300-304.

:30. Leigh, L.C. , 1975. Changes in the ul trastructure of cardiac
muscie of steers deprived of copper. Res. Vet. Sci. ì8: ZBZ-281.

31. Lewis, G., Terlecki, S. and Allcroft, R., 1961. The occurrence
of swayback in the lamb of ewes fed a semi-purified diet of low
copper content. Vet. Rec. Bl: 4ì5-416.

32. Lloyd, W.E., Hill, H.T. and Meerdink, G.L., 1976. 0bservations
of a case of molybdenosis copper deficiency in a South Dakota
da i ry herd. Sympos i um on moì ybdenum i n the env i ronment, 1975.
(Chappell, \^/. el
Dekker lnc., N.Y.

33. Hackler, B. , Mahler, H. R. and Green, D.E. , 1954. Stud ies in
metal loflavoproteins. l. Xanthine oxidase, as molybdoflavo-
protein. J. Biol. Chem. 210: 149-164.

34. MacPherson, A. and Hemingway, R.G., 1968. Effects of I iming
and various forms of oral copper supplementation on the copper
status of grazing sheep. J. Sci. Food Agric. l9: 53-56.

35. Mann, T. and Keîlin, D.,1938. Proc. Roy. Soc. London Ser. B.
126: 303 as cited by Underwood , 1971.

36. Harcilese, N.4., Ammerman, C.8., Valsecchi, R.M., Dunavant, 8.G.,
and Davis, G.K., 1969. Effect of dietary molybdenum and sulfate
upon copper metabol ism in sheep. J. Nutr. 99: 177-183.



79

137 .

i 38.

139.

r 40.

r4r.

142.

Marcilese, N.4., Ammerman, C.8., Vaìsecchi, R.M., Dunavant, B.G.
and Davis, G.K., 1970. Effect of dietary molybdenum and sulfate
upon urinary excretion of copper in sheep. J. Nutr. 100: l3g9-
I 406.

Marston, H.R., 1946. Proceedi.ngs, symposium on f ibrous proteins.
Soc. Dyers and Colorists, l".al.

Martin, G.M., Derr, M.A. and Benditt, E.p., 196\. Ceruloplasmins
of several animal species. comparison of electrophoretic
mobi I ities and substrate specificity. Lab. lnvesr. l3: 282-297.

143.

I 44.

I 45.

146.

Hatrone, G., 1970, Proc. lst int. symp.
in animals, 1969 (n¡lls, C.F., ed) p. 35U.Iõ;õn.--

Matrone, G., 1974; Chemical
Trace element metabol i sm in

pa ramete rs i n
an imal s, Vol .

Suttie, j.W. , Ganther, H. E. a-n-d-Xertz, W.
Univ. Park Press, Baltimore.

Trace element metabol ism
E s S Livingstone,

trace element antagoni sms.
2 (Hoekst ra , \{. G . ,

, eds.) p. 9l-103.

toxicity.
W.G. ,

Univ.

Miller, R.F., Price, N.V. and Engel, R.W. , 1956. Added dietary
i norgan i c 

- 
su I fate and i ts effect upon rats fed mor ybdenum.

J. Nutr.60:539.

Hills, C.F. Biochem. J. 57:603 (lg¡4); 63 t87 a t90 (lgSe);
Brit. J. Nutr. 9: 398 (lgSS) as cited by Underwood (ZOZ).

Mil ls, C.F., 1974. Trace element interactions: effects of
dietary composition on the development of imbalance and
Tr.acg elglent metab.olî:m in animals, Vol. 2 (Hoekstra,
Suttie, J.l{., ffi2, \^/., eds.) p. 79.
Park Press, Baltimore.

Mi I ls, C.F., 1975. Copper deficiency in cattle. Copper in
farming symposium, Roy, Zool. Soc. Copper Devel. Assoc:F 55-67.
@rtz.
Miltimore, J.E. and Mason, J.1., 1971. Copper to molybdenum ratîo
and molybdenum and copper concentrations in ruminant feeds. can.
J. An im. Sc i . 5l : I 93-200.

147. Milt¡more, J.E., Mason, J.1., McArthur, J.M. and Carson, R.B.,
1964. Ruminant mineral nutrition. The effect of copper injections
on weight gains and haemoglobin levels of cattle pastured on
groundwater soi ls in the British columbia lnterîor. can. J. comp.
Med. Vet. Sci. 28:108-112.

Misra, S.G. and Mishra, K.C., 1969. Bohn. lnst. Nac. lnvest.
Agron. Madr. 29: 93-101, as cited by Misra (149).

148.



80

149' Misra, s'G" Mi¡hra, K.C. "fg Mishra, p.c., 1976. Rerention andrelease of molybdenúm by soiìs. dr@ in theenvironment,..r975' (cnåpper ì, w.n.ffiperersen, K.K., Ë-dÐ-ffil o"t[", tnc., N.y.
150. luloule, G.R:, Sutherland, 

1.T., anf Harvey, M.N., lg1g. Queensl.J. Asr. Sci. l8: 93 as áit.¿ by Unde.*;áå eoz)
l5l ' Hccosker, p:J., r96r. paraphenyrenediamine oxidase activity andcopper level s in mammal ian pl"rÁ"r. --N;t;.. 

(London) lgo : gg7.
152' HcCosker, p.J., r96g. 0bservations on brood copper in sheep.ll. Chronic copper poisoning. Res. V"r].s.i. 9, l03.
53' McDougat, E.r., rg47. The variation in the copper content ofthe blood of noir" j ihuup. J. Agr. Sci . 37: 329_336.
54. Neal, W.t.: Becker, R.B. and Shealy, A.L., 1931. A naturalcopper deficiency in cartle rat¡oni. Sciånce Z4,4lg_419.
55. 

iiillk,i;, wa I sh, r. and Moore, L.B. , 1gS7 . procee4 ings 7th, 1si6,-óåp",-ffiäã¡-¡,
;6. Nielands, J:B:, Strong, F.M. uld Elvehjem, C.A., 194g. Molybdenumin rhe nutrírion of tñá l."t. J. Biol."Ch;, t7Z: 431_439.
;7. 

'ddy, 
R.ld., 1966. Trace elements in Cretaceous rocks inMan i toba. M. Sc. , Thes i s , 

-Un 
i v. of Man .

B. 0ertel, A.C., prescott, J.A. 
"ng Stephens, C.G., lgh6. Theinfluence of soi r ,.".i ion on rhe avar i;;ir ity of morybdenumto subterranean clover. Aust. J. Sci. 9: 27_2g.

0lMary, C.C.. Buttst l{.T., Reynolds, R.A. and Bell, M.C., 1969.Erfects of iiradi;¡í.;, ;¿";"¡:lron 
"nd coror oÀ m¡nerar compo_sition of Hereford cattre"nair.- .r. Aním. sci .-2g: 26g-271.

'reg. 
Agr. Exp. sta. paper No. 64, 1958, as cited by underwood (zoz¡.

Overdahl, C.J.. Wiens , M., Schoper, R. and Lensing, J., 1916.
Êljijt;.::1.::',:':::i p'i""ì'JÃ 

"n¿ copper.-ili"r,. Report inw',l'j¿;;.;;:;;"i;i'.!lij].,"iTl.:;;?".
Patterson, 0.P.S.,, and Sweasy, 0., 1973. Hypocupraemia inexperimental Border disease. "V"t. 

Rec . 93: 4g4_4g5.

Pierson' R' E' and Aanes, w.A., ìg5g. Treatment of chron ic copperpoisoning in sheep. J. Amer.'Vet. Med. Assoc . 133:307.

l.

t.



B1

164, Rajagopalan, K.V. and Handler, p.
I I l. The substrate binding sit".

165. T"puf, H. S. , tg2B. phys iol . Rev.(zoz¡.

166. Reuther, 1,V., 1957.
of agriculture (soi

69.

Copper and soi I ferti I ity. The yearbook
!d- p. 128-135, u.s. o.pi.'nn;ii---

, 1964. Hepat i c
J. Biol. Chem.

8: 245 as c i ted

a ldehyde ox idase
239:2027-2035.

by Underwood

167' Roberts, H:E', wii r iams, B.M. and Harvard, A., r966. cerebraroedema in rambs assocîaied witÀ r.,vo"årrår¡r, and its relation_ship to swayback. t. Field,.cliii;;i;'Jro* anaromical andbíochemicar observarionr. i!, t¡rtopåtËåìogicar findings.J. Comp. path. 76: 27g_Zg3; ZB5_Z9O

68. Robertson, H.A., 1950. ph.D. Thesis, Univ. of Edinburgh, ascired by McCosker (15ù.

70.

71.

72.

).

'3.

4.

5.

Robinson, M.F., McKenzie, J.M., Thompson, C.D. -and Van Rij, A.L.,1973. Metabolic balance'oi-=in", copper, cadmium, iron,molybdenum and.serenium in young New'2eaíand *orun. Br. J.Nut r. 30 : l95-ZO5

Ross, D'8., 1964. chronic copper poisoning in rambs. vet. Rec.76: 875.

Scaife, J.F., 1963. N.Z.J. Sci. Tech. 3BA:293_2gg, as citedby Unde rwood (ZOt+)

Schrauzer, G.N., 1976. Molybdenum in biological n ítrogenfixation' rnternatíonar symposium on molybdenum ín the
"nut 

ron"'"n, 
Or. )p. 243-265, Marcel Dekkåi inå., ,1.v.

Schand, A. and Lewis, G., lgS7. _ Chronic copper poisoning inyoung calves. Vet. Rec. 69, 6lg. --rr-'

Sheriff, D. and Rankin, G:J., 1973. Concurrent enzootic ataxiaand white muscle dit""é" ¡n ; iioãk or r"À¡r."'v"t. Rec. 92: g9_93.

Sheriha, G.M., Sirny, R.J. and Tillman, A..D., 1962. Moìybdenumstudies in sheep. J. Anim. Sci. 2l: 53_56. 
, ')

shirley, R.L., Jeter, M.A.., Feaster, J.p., Mccalr, J.T., cutler,J.c. and Davis, c.K.; lgS4: pi"".nt"l rr;nsfer of molybdenum_99 in swine. J. Nuti. t4, 59_64.

Sjol lema, 8., 1933. Biochem. Z. 267: r5r, as cited by underwood(202).



82

79.

]0.

ì1.

78. Smith, 8., \y'oodhouse, D.A. and Fraser, A.J., 1975. The effects
of copper supplementation on stock health and production. I l.
The effects of parenteral copper on incidence of disease,
haematological changes and blood copper ìevel s în a daî ry herd
with hypocurosis. N.Z. Vet. J. 23 ì09-l 12.

Smith, 8.P., Fisher, G.1., Pouìos, P.W. and lrwin, R.M., 1975.
Abnormal bone development and lameness associated with secondary
copper deficiency in young cattle. J. Amer. Vet. Med. Assoc.
1662 682-688.

Smith, B.S.l,J., Field, A.C. and Suttle, N.F., 1968. Effecr of
intake of copper, molybdenum and sulfate on copper metabol ism
in sheep. I I l. Studies with radioactive copper in male
castrated sheep. J. Comp. Path.78:449.

Smith, F.4., Michaelson, S.M. and Lebda, N.J.A., 1974.
Biology data book, Vol I I l, Sec. 2\l (Altman, P.L. and Dittmer,
Wz-1776; 1786-1787. Fed. Amer. soc. Exp.
B iol . , Bethesda, Md.

Smith, R.E., 1955. Molybdenum in soils, forage crops, and water
supply in the Swan River Val ley of Manitoba. M.Sc. Thesis,
Univ. of Man.

12.

)5.

i4.

i5.

i6.

t7.

i8.

Snedecor, G.W. and Cochrane, W.G., 1973.
6th ed, lowa State Un i v. Press, Ames.

Statistical methods

Starcher, 8., 1969. Studies on the mechanism of copper absorption
in the chick. J. Nutr. 97: 321.

Starcher, B. and Hill, C.H., 1965. Hormonal induction of
ceruìoplasmïn în chîcken serum. Comp. Biochem. Physiol. l5:
429-434.

Stewa rt , J . B.l./. and Racz , V. , 1977 . Copper and mol ybdenum status
of pastures in eastern Saskatchewan. Prel im. report Sask. Adv.
Fert. Counc. \,/orkshop, 1977, Sask. lnst. Pedol., Univ. of Sask.,
Saskatoon.

Suttle, N.F., 1974. A technîque for measuring the biological
avai labi I ity of copper to sheep, us¡ng hypocuraemic ewes.
Br. J. Nurr. 32: 395-405.

Suttle, N.F., 1974.
the availability of
559-568.

Effects of organÎc and
d i eta ry copper to sheep.

inorganic sulfur on
Br. J . Nut r. 32:

of intake of copper,
in sheep l-lV.
; 79 453-464.

Suttìe, N.F. and Field, 4.C., 1968. Effect
molybdenum and sulfate on copper metabol ism
J. Comp. Path. 78: 351-362i 363-370; t+49-461

:o



83

f90. Suttle, N.F., and Field, 4.C., 1974. The effect of dîetary
molybdenum on hypocuraemic ewes treated by subcutaneous copper.
Vet. Rec. 95: 166-169.

l9l. Thomas, 8.H., 1937. lowa Agr. Exp. Rep., p. 87, as cited by
Underwood (zoz).

92. Thomas, J.W. and Hoss, !., l9¡1. J. Dairy Sci. 34: 929, as
cited by Underwood (ZOl).

93. Thompson, J., Thornton, l. and V/ebb, J.S., 1972. Molybdenum in
black shales and the incidence of bovìne hypocurosis. J. sci.
Fd. Asric. 23: 879-89t.

94. Thornton, 1., Kershaw, G.F. and Davies, M.K. , 1972. An
investigation ¡nto copper deficiency in cattle in the Southern
Pennies. l. ldentification of suspect areas using geochemical
reconnaisance fol lowed by blood serum copper surveys. J. Agr.
Sci. Camb. 78: 157-163.

95. Thornton, l. and !,/ebb, J.s., 1970, in Trace erement metabol ism
in anim.als. (¡lills, C.F., ed) p. 397. @
Edinburgh.

96, Tipton, l.H. and Cook, M.J., 1963. Health phys. 9: l03, as
cited by Underwood (204).

97. Todd, J.R., 1969. chronic copper toxicity in ruminants. proc.
Nurr. Soc.28: lB9-198.

98. Todd, J.R. and Gracey, J.F., 1959, Chronic copper poisoning in
a young heifer. Vet. Rec. 7l: 145.

99. Todd, J.R. and Gribben, H.J., 1965. Suspected chronic copper
poisoning in a cow. Vet. Rec,77:498.

00. Todd, J.R. and Thompson, R.H. , 1963. Biochemical studies on
the blood of sheep during haemolytic crisis. Brît. Vet. J.
ll9: l6l.

)ì. underwood, E.J., 1971. Trace elements in human and anima.|
nut.rition, Ch. 2. lron,

)2. underwood, E.J., 1971. Trace elements in human and animar
n.utrition. Ch.3. Copp

)3. Underwood, E.J., 1971. Trace elemnts in human and anîmal
nutritiol. Ch.4. Moly N.y.

)4. Underwood, E.J., 1976, Molybdenum in anîmal nutrition.
lnternational symposium on molybdenum in the environment, r975.

"lDekker lnc., N.Y.



84

205. Vanderveen, J.E. and Keene.r,_ !.A. , 1963. Ef fects of molybdenumand sutfate surfur on merabor ism ór ãoóp".-i"-;;;rv .äi,r".J. D iary Sci . 47, tZ24_1230.

206' Van Campen, D.R. and Gross, E., 1968. lnfluence of ascorbic acidon the absorption of copper by'rais. J. Nutr. 95:617.-
207. Van Koersveld, E.E.,. 195g. Diergeneesk. Jaarb. g3: 22j, ascited by Underwood (zoz).

208. van Reen,.1., rgsg. specifícity of the morybdate-suìfate inter-relationship in rats. J. Nutr.6g:243_260. -

209. t{ainio, W.l{., Van de Wender, !: and Shimp, N.F., 1g59. Copperin cyrochrome c oxidase. J: Biot. chem.' il,r-, àj*)'_íí10."
210. l{aldern, D.E., lg7r. Trace minerars for dairy cattre. can.Dept. Agr. Bul. 410.65, C.D.A. Res. Stat., Agassiz, B.C.

2ll. l,ValkeF, T.!{., et al , 1955. The ef fects and interractions ofmolybdenum, r ime and phosphate treatmenti on the yierd andcomposition of white clover grown on acid, molybdånum responsivesoir. prant and Soir 6:201-220, as c¡teá by er.kr"n ßri.
212. \,{ebb, J.S., Thornton, l. and Fletcher, K., 196g. Geochemicalreconnaisance and hypocurosis. ¡raturá zr7: r0ìo-r0r2.
t13. l,veiss, E. and Baur, p., 196g. Experimental studies on chroniccu poisonin3 in carves. Nutr. Abstr. Rev. 38: r412 iñ.. gs¡gl.

ll4. Westerf ield, t^/.W. and Richert, D.A., 1g53. Distriburion of thexanrhine oxidase facror (morybdenumj iÁ-ioo¿s. J. Nurr. r5: g5-9s.

15. lliddowson,. J.p., 1966. N.Z.J. Agr. Res. 9: 59_67, as cited byMisra (t49).

16- wieneF, G. , 1966. Genetic and other factors in the occurrenceof swayback in sheep. J . Comp . parh. 76: 1j.S_44j .

17. VJintrobe, M.M., Cartwright, G.E. and Gubler, C.J., lgS3.Copper, function and metabol ism. J. Nutr. 50: 3gi.



85

Appendix I
Samp1e information sheets, illustrations of
copper deficiency and analyses of vari.ance
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Figure I. Sampling data sheet for the L9?4 copper
deficiency study.

OWNER'S NAI\M Page _ of
TÏME OF SAMPLTNG

HERD LOC.A,TION r Sec Twp. R6Ie.

Cow
CaIf
Unit Age

Ear
Tag
No. ltlt.

Hair
Sample
No.

Treat-
ment
(mr. )

Not
lreated
( check ) Breed

-_4_-
B
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CaIf

.å, Cow

B Calf

A Cow

B CaIf

_-4__

B

Cow

Calf

A Cow

B Calf

A Cow

B Calf

A Cow

B CaIf

A Cow

B CaIf

A Cow

B CaIf
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Figure 2.

STTE #

L975 soil and forage survey data sheet.
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SOIT
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SAMPLES
E

FORAGE SAMPLES
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)-976 soil and forage survey data sheet.

D.A,TE

ï,OCÂTION: TP RcE SEC

UTM ¡ BAST NORTH

SOIL PARENT MATERIA]., :

SOII, MAP UNfT¡

STTE DRAINÂGE¡

FOR.â.GE COMPOSITION ¡

SOIL SAMPLES:

Figure l.
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FORAGE SAMPLES: Analysis

TEXTURE

Comments ¡
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T.'IGURE 4. A 3 month old calf
deficÍency" Note
joints, stiffness
unthri ftynes s á

demonstrating signs
the rough hair coat,
in the hind legs and

of severe copper
enlarged leg
general
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w
W,',.@,:'tf.

FTGIIRE 5. A cow demonstrating severe
molybdenum induced copper

scouring associaled with
deficiency 

"
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lable 1. Covariance F-test of adjusted means for a

one-way elassification.

Derive corrected sums of squares and products for total,
treatment and error sources of variation.

1.

2,

),

4,

Calculate the reduction
and error variations by

Calculate the deviation
error variations by SSr

due to regression'R"dl fo" total
Red..=(rxy )2/ *2,

sums of squares for total and

= Lyz-Red.

Derive SSr for treatment by SSr totat SSr error.

Calcu1ate MSr for treatment and error variation and
F ratio.

Deviations from
resresslon

-2¿X tv2Source df

Treatment

Total

Error

F - 2,L4

2

29

27

7),0
665,9

592.9

r45. B

7)L,2

585,4

293.6

L,288,7

gg5,r

df SSr MSr

28 485,8

26 4t7 ,L 16 .04

z 68,7 l4,j5

802,9

578,0
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TabLe 2, Student-Newman-Keul' s test of ordered means.

Derive rnean square error

variance.

from one-way analysis of1.

2, If the variation due

order the treatment

differences between

to treatment

means by size

ordered means.

is significant then

and calculate the

3. The test statistic Wr is defined as:

where q. is the value from the a table at r number of

ordered means, level of signifieancer ârtd v desrees

of freedom for error. The corrected n value is used

due to the large difference in treatment numbers (n).

4, Differences between means Iarser than the test

statistic are significant.
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Àppendix II

Results of the L9?l+ Copper Supplementation Triat

I'X'r is defined as the initial body parameter in
terms of weight or serum copper IeveI.

]rY, is defined as the change in parameters by

the termination of the trial period,
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Appendix IIA

Summary of Body Weight and Serum Copper Data

AI1 data is in terms of complete cow calf units.
ff any information was absent from any unit then that
unit was omitted.



Herd I

Unit
No.

Cow

2
+
6
B

10
L2
I8
20
2?
24
26
2B
)o
32
14
16
3B
40
+2
44

T

Body Weight
(ru ¡XY

CONTROL

850
910

Lo25
1030

920
TL35
1080
L27 5
LLg5
rlB0
13 00
1060

860
1rg0
Lzo5
1050
1ro5
1100
L325

940

1086 . B

74-o5-L? /74-l-o-l-o

L05
L65

5o
0

95
5o
-5

-35
B5
-5

-25
5o
65
20

-55
75

L20
L25
)5
60

Serum Cu
(ue/nL)

0.64
0 .82
o.?6
1.IB
o.?4
0,76
0. 86
o.78
o.76
0. 84
o,76
0.58
0.60
0.78
0.68
0.78
o.?o
0.68
0,74
0. 86

0.06
-0.12
o,)4
0

-0,02
0,02
0.I0

-0,L2
-0.2
-0.06
-0.10

0. 06
o,02
0
0.02
o ,02
o,02

-o,02
-0.1.0
-0.06

-0. 01

Unit
No

Cow

TREATED

I
)
5
7
9

1I
I)
L5
L7
L9
2L
23
2?
29
)L
J3
)5
)7
4I
4t

Body Weight
(lb)

XY

4g. g

905
107 0

985
920

1180
895
885
820
765
925

LzT5
LL55
l-220
1440
1150
r17 0

955
L3 55
r015

960

Loug,30

225
85
35
BO
25
65
75

r55
110

75
25
95
20

-r5
75
)5
55
45

L05
9o

73.o77

Serum Cu
(ue/nt)

0.60
o ,56
0.60
0.60
0 .60
0,76
o,62
0.60
0,82
0,74
0,82
o,7+
0. 82
o.76
0.70
0 .92
0.56
r.06
o,7o
0.70

0,02
o,22
0. r2
0,22
o,)2
0,02
0.12
0.08

-0.02
0.18

-0. t0
+0.20
-0. I2
-0.06
-0.04
-0.06
o,L2

-0.J0
0.10

-0.02

0.050 ?t
\o
Ln



Herd I

Unit
No.

Calf
2
4
6
B

10
T2
1B
20
22
?4
26
2B
)o
)2
)t+
36
3B
40
42
44

ï

Body Weight
(lu ¡

CONTROL

t85
r50
130
140
L75
L65
ú5
225
170
r40
r40
L25
105
LL5
160
180
160
L55
L35
190

7+-05-L? /7u-Lo-Lo

295
2)5
300
)05
)00
)25
275
445
)55
275
)20
295
290
r85
)40
)45
)L5
)20
45o
300

Serum Cu
(us/nt)

0,64
0,92
0.78
0.66
0. 84
0. 84
0.74
0,54
o.62
0,?2
o,?4
o ,54
0.90
0.84
0.74
o.64
o.64
0.56
o.64
0.58

0.16
o,o2

Unit

0.12
0.22
0

-0
0
0
0
0
0
0

-0
-0
-0

0
0
0
0
0

CaIf

TREATED

02
o6
r6
L2
2t+
OB
o6
r4
r8
22
OB
T2
22
20
04
OB

07

I
3
5
7
9

I1
L)
L5
L7
L9
2L
23
27
29
3I
)3
)5
37
41
43

Body Weight
(ru¡

L55,5 )LJ.5

l-70
r50
I00

BO
265
150*5
L25
L45
180

0

295
335
285
245
380
270
290
255
245
100
275
2?5
260
325
)L5
)Lo
100
260
280

7I

Serum Cu
(ue/nt)

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

L55
L95
L55
r55
r40
r40
r40
t90
100
zLO

96
5B
7o
B2
5o
70
90
76
7o
B6
BO

0
0
0
0
0
0

-0
0
0
0
0
0

,42
24
08
)4
1B
06
22
)2
2B
IB
6B
IB
L6
1B
L2
20
TO
IB
OB

r6Lst+.5 29r,5

)0
?6
?8
76
72
B8
B2
9B
66

?5

))0

0
0
0
0

-0
-0
-0

0

00
\o
o\



Herd 2

Unit

Cow

6
10
I4
16
I8
20
3o
32
34
40

X

Body Weight
(lu ¡

CONTROL

r17 0
I050

860
705
655
6ls

Lo) 5
880
Bg0
925

65
40

100
5o

-75
5c
9o
L5
þ0

LL5

49.0

Serum Cu
(ve/nl-)

74-o5-Lo/24-to-to

o .54
0 .18
0 ,54
o .54
0.62
0 .52
0.58
0,)6
0 .48
0,20

BoB. 5

0.06
0 ,22
0,L2
0 .30
o.4z
0.12
0.lB
0.50
o ,51+
r. 06

Unit
No.

Cow

1
5
?
9

1t
L3
L?
L9
2L
25
29
2I
))
35
4l

0 .48

Body Weight
(tb)

TRET.TED

I16 O

800
645
815
960
645
925
965
795
995
665
785
825
745

1o85

o.)7

0
Jo
4o
55
t+5

5o
60
65
t0

5
95
55
95
80
9o

Serum Cu
(ugrlmr )

0 .56
o.4z
0 .60
0 .44
o.48
0.60
0.60
0 .10
0.64
0,28
0. 58
o .56
0 ,56
0 .60
0.46

0.51x

0
0
0
0
0
0
0
0
0
0
0
o
0
0
0

85þ.0 ?r.?

,02
,42
,28
.24
24
20
I6
32
20
ry2

52
I6
l0
l0
4z

29

\o{



Herd 2

Unit

CaIf
6

l0
14
16
18
20
)o
32
34
4o

Body Weight
(ru¡

CONTROL

80
L?O
L45

B5
75

L05
L45
1r0
100
Lo5

)20
)75
275
190

95
L50
285
)25
275
250

x

Serum Cu
(ue/nt)

? 4-o 5-rc/? 4-LL-?9

0
0
0
0
0
I
0
0
0
0

0

96
9B
50
7B
92
00
7B
9o
76
64

B2107.0 254,0

-o.)6
-0. 16
0.36
0.10
0.08

-0. 14
o,L+2
o.)2
0,31+
0.14

0.ll

Unit
No.

Calf
I
5
7
9

II
L)
L7
L9
2L
25
29
)I
33
)5
47

Body Weight
(Ib)

TREATED

t

T

I
1

I

25
75
75
L5
BO
10
t+5

75
05
75
75
B5
B5
L5
o5

)45
220
275
275
)o5
225
300
290
285
2?5
185
305
L95
270
280

Serum Cu
(ue/nt)

0. B0
0.64
r.14
0 .56
o.?8
0.58
0.68
0.44
0. 86
0.98
I .IO
1.00
o.96
0. 82
0.80

x

I
I

-0
0
0
0
0
0
0
0

-0
-0

0
-0
-0

0
0

0

04
16
L2
26
04
OB
t8
48
t0
26
02
10
20
OB
l0
0496.) 268 .7 o. 81

\o
æ



Herd l

Unit
No.

Cow

2
4
6
I

10
L2
14
16
T8
20
?2
24
26
2B

X

Body Weight
(rb)

XY

CONTROL

935 701r4o 65
1rr5 rlo
%5 190lo2o rl0LO25 ro5ro4o 205
925 r85

1100 L25
960 110ro5o 80
n5 r90

Ir90 LsO
Lo25 ]10

? t+-0 5-û/? 4-L2-ro

Serum Cu
(ue/nt)

X

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0

46
54
54
54
46
56
56
6z
6z
44
<Á

3o
7o
48

Y

0
0

-0
-0

0
-0
-0

0

^
0

-0
0
0

-0

0LO?B.2 rlI.8

22
I4
02
04
10
L6
10
10
00
28
06
6o
20
o2

og

Unit
No.

Cow

I
3
5
7
9

1I
r5
L7
L9
2l
2)
25
27
29

Body Weight
(1b)

XY

TREATED

5)

I
I

I

0I0
000
950
9r0
9L5
r50
830
960
850
065
895
000
l.65
925

200
140
L)5
200
185
L55
L)o
220
160

25
r05
1r5
220
l-25

15r. r

Serum Cu
(us/nL)

x

I
I
I

0.76
0.78
0.lB
0.68
0.68
0.68
0.50
o .t+6
0.46
0.46
0.44
0 .5?
0. 84
0 .40

0 .57

Y

-0
-0

0
-0
-0
-0

0
0
0
0
0
0

-0
0

97).2

10
l0
22
OB
o6
04
14
24
24
04

.52

.48

.10

.22

0. 12

\o
\o



Herd l

Unit

Calf
2
l+

6
B

TO
l2
L4
L6
1B
20
22
24
26
2B

x

Body Weight
(lb)

CONTROL

r05
L75
L70
L55
150
200
185
L70
L65
L70
r85
L)5
TL5
L45

?4-os-Lj /7u-tz-to

)45
330
4)o
)45
)25
4os
4zo
)90
)55
320
4)o
)I+5
)60
320

Serum Cu
(ug,/mr )

0.6 B

0 .82
0. 86
o.76
0.66
0.76
0,74
o,?4
1.I0
0.78
0,64
o,7B
0. 86
r.06

0. 80

0.J0
o. 16
0.52
o. 16
0.18
0.06
0.)4
0,L2
o,62
o. 04
0.00
o.4z
0. r8
0.38

L58,9 365,7

Unit

CaIf
1
)
5
7
9

TI
L5
L7
L9
2T
23
25
27
29

Body Weight
(rb)

TREATED

rB0
L65
140
2L5
r05
r50
L65
1r5
ú5
L20
110

90
335

BO

-o.L2

440
370
290
4ro
lB0
320
)50
285
305
455
)00
4zo
425
325

Serum Cu
(ue/nt)

L,02
4.92
0. 84
0. 88
o,92
0. 86
o.7o
0,92
0. 82
0.66
0.72
T,I2
o.6z
0.76

O, Bþ

-0
-0
-0

0
-0

0
0

-0
-0
-0

0
0
0
0

-0L52,5 )62,5

24
L2
z4
o2
20
00
L2
10
14
o6
14
r4
10
L2

0)

H
O
O



Herd l+

Unit
No.

Cow

2
6
8

L2
r8
24

Body ltrleieht
(lb)

XY

CONTROL

r000
7)5
905
900
955

I000

x

Calf
2
6
I

L2
1B
2t+

x

74-06-25 /74-LL-}L

80
7o
85

IBO
Lo5
rr5

Serum Cu
(ue/nt)

X

gL5,B r05.8

0.64
0.50
0.70
4,20
o.76
o ,56

o .56

225
L)0
r85
L20
2)5
190

Y

-0. 14
0,06
0.0
0.0

-0. 16
-0. l0

-0.06

275
zLO
2)5
r50
l.95
215

Unit
No.

Cow

r80.8 2L3 .)

0 .78
0,66
0.68
0.92
0.66
o.70

0.7)

Body Welght
(lb)

XY

I
?
9

I1
L5
L7

lREATED

-o ,20
-0 .02
-0. 14
-0.J0
0.02
o.02

-0.10

900
880
920
950
8)5
930

902.5

CaIf

40
?o

L20
20

r15
r05

?8,)

Serum Cu
(ue/nt)

I
7
9

II
L5
17

X

0.64
o,62
0. 84
o.62
0,64
0 .44

o.6)

?25
160
225
L95
r55
L55

Y

0.04
0,I2

-0. l0
-0.10
0.04
o,r2

o.02

2?5
200
l-95
255
235
225

185.8 zJo .8

o.64
0.68
0.60
0 .60
0.68
0.46

0.6r

-0.04
0.I0
O.IB

-0.06
0.06
0.04

0.06

H
O
H



!ry
Serum Cu
(ue,/mr )

0 .80
0.I0
o,24
o.24
0. 16
0. 28
0 .12
0.16
0 .20
0.I2
0 .12
0.14
0.08

1oo5 95 o'Bo-";i r4B o.52
tâ|a's a5 o '5?;l;í' -60 o .54
iori 65 o '62-8[ó -5 o.rz
Ãà\ rró o'6o
losl -to 0'60
liái L25 o'58
iiÞó l2o 0,72
li:so -)5 o'64--qí;o tos o'5P
Åø\ -)5 o.54

BodY Weight
(Ib)

XY

?t+-05-L4/?4-to-to

0.2L

Po
N)

Unit
No.

54. 85 O.6o

qes
t
)
5
9

II
L)
1,5
t7
r9
2L
25
27
z9

cotlTnot

Serum Cu

1uglml )

0.?0 o.oq
o. Sb 0.06
rì ?n 0 .04
0'.á6 -o,o?
o , 58 o.It
o. 58 o. oP
o. çe 0.04
o. sg 0. l0
o .4e o. oz
o.eU o.)?
0.64 -o.oq
o .66 o'oq
o.zo -0.08

LL76,9?

BodY Weight
1m)

Herd J

65
-5

16o
)5

-20
L)5

5
7o

5
)o
)o
)o

225

o.o6

X

I0 20
LaL5

850
101 0

870
Lo? 5
L?T+5
L))o
1160
Lo55
Log5
L245

950

Unit

LO}? ,69 58.85 o ',62

N

Cow

2
l+

6
B

T?
I4
16
}B
?o
22
24
z8
)o

I



Herd 5

Unit

Calf
2
4
6
B

I?
l4
r6
18
20
2?
24
28
3o

T

Body Weight
(lb )

CONTROL

130
1r5
L45
L25
r55

75
9o

110
t00
rl+o
t25
120
120

LLg ,2)

310
300
280
295
)40
zLO
245
275
290
2BO
290
280
290

74-o5-ú/?4-10-ro

Serum Cu
(ue/nt)

0.70
o,74
o.6o
0,62
0,?4
0. 86
o,7o
0. 82
I.5B
0.68
2,64
0,76
t.0B

0
-0.08
0.04
0.I0

-0. ¿+o

-0.14
0.08

-0,04
-0. 86
0.04

-t.92
0,02

-0,32

Unit
No.

28) .46 O.96

Calf

TREATED

Body Weight
(ru¡

I
)
5
9

11
L3
L5
L7
L9
2L
25
27
29

L35
r00

95
rr5
L20
130
I00
Lt0
LT5
r00

95
100
L20

rlo.JB-0 27

)25 0.86
230 0.84
295 O.9t+
27 5 0 .?t+
300 L.zO
)20 o. 86
265 1.06
265 o. 86
305 0,72
250 0.78
??o 0.78260 o.?B
27O 0.62

279.2) 0.87

Serum Cu
(ve/nL)

-0
-0
-0
-0
-0
-0
-0

0
0
0

-0
-0
-0

-0

.02

.18

.04

.04
,46
L6
)2
14

o2
o6
14
24

L2

H
O
u)



Herd 6 7t+-05-L5/?4-LL_o?

CONîROL

Unit
No

2
4
6
I

10
L2
14
I6
18
20
26
28
3?
)6
4o

Body Weight
(lb )

825 l-oo
930 r25BB5 Lo'850 t?5r1r5 þo82O L?o985 r3oLL75 6o96o z4o1000 200875 225
745 1859oo n5Lo?5 loo1o9o r00

Serum Cu(us/nt)

0,?2
0 ,20
0 ,2Q
0.18
o.22
o. r4
0.14
o ,20
0.14
o.20
0.20
0,24
0.21+
o,20
0.20

x

o. þB
o,12
0 ,24
0.30
0. 28
0.28
o.46
0,26
0.44
0.38
o,?2
o.26
o.4z
0.3I
0.38

0,3)gt+8.6? Dg .33 O.19

Unit
N

Cow

I
3
7
9

11
13
L5
L7
19
25
27
29
3t
37
39

TREATED
%

Body Weight

865
765
875
785

L240
870

1r7 o
770
96o
800

l-220
965

r050
895
9oo

942,0

l.95
L7o
D5
140

6S
tB0
100
ú5

65
1I0
-20
9o

200
-20

95

Serurn Cu(ug/nt)

0 ,20
o,24
0 .24
0,24
0.22
0. 14
o. r4
O.IB
0,22
0.30
0,20
0 ,20
0.14
0 ,22
0.18

0,24
o ,l+6
o.4o
o.4o
o .52
o.4z
0,44
0.46
0,42
0.22
o.4l+
0.44
0,46
o.þþ
o.z6

o .lloLLL,3) o ,20

s.



Herd 6

Unit
No.

CaIf
2
þ
6
8

10
L2
I4
L6
rB
20
26
2B
32
)6
4o

Body Weight
(lb )

CONTROL

160
170
110
LL5
rl0

95
Lo5
rr5
110
L50
r20
L?O

85
L)5
L20

?4-o5-L5/?u-Lr-o?

)70
)55
)o5
305
)55
)45
275
)55
365
)30
300
415
295
)25
))0

Serum Cu
(us/nr)

0.18
0.18
0.22
0,20
0 .40
o.26
0,22
0.08
o .54

x

0
0
0
0
0
0
0
0

-0
0
0
0
0
0

-0

.?B
,28
.34

126.o ))6.)

Unit
N

0 ,54

Calf
I
)
7
9

11
L)
r5
L7
L9
25
27
29
)L
)7
39

I6
22
o2
T6
26
20
02
080.20

o,20

Body Weight
(}b)

o .56
0.J0
o .50

TREATED

0

IBO
I10
L95
170
L35
L50
L)5
1I0
rg0
L50
L65
tr0
110
L25
L05

L42,6?)r

.24

.14

.02

))0
)r5
lB0
380
255
)60
)70
)20
)40
)50
425
265
275
280
3L5

0.13

Serum Cu
(ue/n:-)

0 .40
0,28
0.lB
0.12
0 .14
0. 14
0 .10
0.32
0.44
0.18
0.18
0. r4
0.10
0,12
0 .10

0
0
0
0
0
0
0
0
0
0
n

0
0
0
0

0

10
I2
54
42
6o
4B
16
72
2B
44
3B
56
¿lo

52
60

))o,67 o ,2L )9

ts
O
LJ!



Herd 7

Unit
No.

Cow
l+

6
10
16
I8
22
2B
J2
)4
4t+
t+6

48
5o

x

Body Weight
(ru ¡

CONTROL

855
1085
l.200
L055
1o50

895
1080
106 0
IOB 5
tL65
1I00
Lo? 5
Lzr5

L070.?7

74-05-Ú/?4-t0-oz

75
-LB5
-240
-35

10
-95

-IBO
-225
-160
-245
-36 5
-2L5
-4:-5

-L7 5 ,O

Serum Cu
(ua/nt)

0 .78
0.94
o,66
0. B0
o,?2
o.62
o ,56
0,74
o ,52
o.66
o,?l+
0,74
0.64

o.7o

-0,22
-0.08
0,24
0.02

-0.02
-o,02
-0. 18
-0,18
-0.02
-0.16
-0. 04
0.04
0.06

-0.04

Unit

Cow

TREATED

t
3
5
?
9

L3
29
)L
3)
35
)7
45
4Z

Body Weight
(Ib )

855 -r05860 -1101115 -3t51120 -Lg51100 -100885 )51085 -185tt)5 -310ro55 -reo
Lo6 5 -ú51060 -3101oB0 -25o1rB0 -25o

Serum Cu
(ue/nt)

0,72
0.50
0.76
0.58
o.6o
0. B0
0.66
0.38
0.60
o.48
0.58
o,82
0,7o

L045.?7 -186 .15 o ,6)

-0
0
0

-0
0
0
0
0
0
0
0
0

-0

,22
.06
.lt+
,L2
.rB
.16
.18
,26
.)6
.10
.14

.18

0.08

H
O



Herd 7

Unit
No

CaIf
4
6

10
L6
rB
22
2B
32
34
44
t+6

4B
5o

x

CONTROL

Body Weight
(Ib )

?t+-05-L4/Z +-Io- 02

130
L20
r00
130
L25
120
1r5
160
L45
200

B5
140
100

250
265
260
L85
I90
225
235
r90
2L5
290
L95
205
225

Serum Cu
(va/nL)

0.74
0.78
0. B0
0,72
0.7?
o.7?
o.66
0.30
o,5l+
0.20
0.70
0,62
0.76

L28,46 225.38 0.64

-0,22
o.L2
0. 14
0.10
0,20
0

-0.04
0,36
0.10
0.40
0.10

-0.08
-0.26

0. 07

Unit
No.

Calf
I
3
5
7
9

I)
29
)L
)3
)5
)?
45
47

TREÁ.TED

Body Weight
(lb)

L65
95

IB0
160
205
l+5
LL5
185
D5
160
l.75
L20
II5

255
265
)35
260
280
245
270
300
265
2l'5
2t+o
220
260

Serum Cu
(velnt)

0,74
0.20
o,7l+
o,2t+
0.30
o,64
0.60
0.46
O.JB
o,6l+
o .40
0.58

I5o .3 B 262 ,)r

-0.08
0 .52
0,22
0,22
o .52
o,24

-0.02
o.42
0.50
0.16
0,J2
0 ,54
0.04

o.?B

0,?o

5L

{



Herd I

Unit
No.

Cow

2
10
I4
22

x

Calf
2

L0
r4
22

x

Body Weight
(Ib)

XY

CONTROL

l1r0 -70765 ?5to25 -65
950 -10

962,5 -L?.5

Serum Cu
(ve/nt)

XY

?4-o5-L6/24-to-25

0 ,42 0.06
0.60 -0.o20.60 0.04
o.58 -0.04
0,55 0. or

225
90

L95
L70

2BO
225
)05
29o

170,0 27 5,0

Unit
No.

0.58
0.92
0,92
0,64

0.77

Cow

L5
L7
2J

Body Weight
(lb)

XY

-0.04
-0 .16
-o.26
0.14

-0.08

TREATED

Bþo 55
%5 U0900 35

89r.67 7) 3)

Calf
L5
L7
23

Serum Cu
(us./nL)

0,54 -o0.54 0
0.50 o

0,5J 0

80
L95
100

L25.o

240
l-95
170

06
06
OB

20L.6? 0 ,?4

O. BB
0 .52
0,82

o)

-0
0
0

1B
)8
OB

09

o
Co



Herd 9

Unit

Cow

I
2
3
5
6
7
9

t0
1t
T2
L)
r5
16
L7
1B
20
22
2J
26

Body Weight
(ru ¡

CONTROL

I 200
550
825
650
825
?65
755
7)5
780
?25
7)o
740
065
970
700
840
300
160
025

74-05-05/?4-LL-20

BO
L)5
L50

95
L)5
J70
300

40
-40

55
110
L95

20
-I0
2?5
IIO

25
-50
-25

Serum Cu
(ve/nL)

0 .48
0.64
0.68
0 .40
0.50
0 .40
0.60
o .52
0 .54
0.60
o,82
0.92
0.)6
0 .40
0 ,54
0 .64
o,76
0 .10
o.66

1

I
]
I

-0
-0
-0
-0
-0

0
0

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

.L6
,JO
.40
.26
.28
.)6
.00
.20
.J2
.18
.40
,?6
.14
.14
.)2
,L6
.)8
.08
.42

Unit

Cow

Body Weight
(ru¡

1
2
4
5
B

9
10
1I
L2
I)
r4
L5
I6
L7
1B
L9
2L
22
2)

TREATED

765
I040
L230
1050
1020
l-260

955
750
975

L240
87o

I000
1rg0
I090

985
745
?t+5
850

I000

255
L20
220
250
l-20
L55
?L5
185
L65
110
180
)5

-110
-r0
100
265

5
45

T85

Serum Cu
(ue/nL)

0.56
0 .28
o .52
o,l+6
0.30
0.50
0.68
0.86
0 ]4
0.58
0.lB
o,46
0.50
0.58
0 .56
0.46
0.?o
0 ,40
0.66

0
0
0

-0,0
0
0
0
0
0

-0
-0
-0
-0
-0

0
-0

0
-0

0?
00
OB

)?
o4
IO
10
o2
18
08
16
22
I2
)6
I4
t0
4o
24
28

H

\o



Herd 9

Unit
No.

Cow

Body Weight
(rb)

27
2B
29
1o
3I
32
))
)4
35

CONTROL

L07 5
r1l0

885
I2IO

900
Lo65
1200
LO25

880

74-o5-05/?4-rL-20

x

40
-5
?5
BO

50
)5
40
9o
55

Serum Cu
(ue/nt)

0 .48
0 .40
0.42
0 .40
0,42
0 .40
0 ,54
0 .48
o,)4

gL3.2L gO .)6 o .52

-0. I0
-0. lB
-0. 16
-0. ]0
-0.20
-0.14
-0.28
-o,)4
-0. 16

-0.22

Cow

25
26
27
29
Jo
)L
)2
J)
)5

TREATED -
Body Weight

(]b)

1040
975

1r5o
900
990

L255
1280
L2) 5

740

110
110
-55
-I0

40
80

-20
-35
250

Serum Cu
(ue./nt)

0 .48
0 .54
0 .56
0J4
0.44
o.64
o,22
o.66

r0rl.61 107 .14

-0
-0
-0
-0
-0
-0
-0
-0
-0

.06
,24
.14
.14
.]B
.)o
,02

0.44

5o

26
24

-0 10

H
O



Herd 10

Unit
No.

Cow

Body Weight
(rb )

2
4
6
I
x

CONTROL

8r5
1180
r120
8r0

98]. 25

Calf
2
4
6
I
x

90 0.)6
)o 0,36
Bo o JLI45 0.)6

74-06-24/74-Lo-29

Serum Cu
(vs/nt)

180
190
180
u0
180.0

6L.25 O ,)6

L)5 0.76Lgs 0.48
IO5 0.28
I5o 0.44

l46,25 O,4g

0.16
0.06
0.00

-0.02

0.05

Cow

TREATED

Body Weight
(ru¡

1
3
5
7

-o.24
o,02

-0.08
-0. r4

-0.11_

895
960
920
?Lo

87L.25

Calf
l
)
5
7

105 0,36
-25 0,26
I00 0,26
L35 0.42

78.7 5 o .))

Serum Cu
(ue/nt)

200
140
200
200

185,0

120
185
220
rl5
160.0

0.30
0.18
0.60
0,24

0.38

o ,51+
o.76
o,28
0.58

0 .54

0.30
0.14
0 .52
0.22

0.J0

H
H



Herd 11

Unít

Cow

4
6
I

I0
t?
r4
t6
IB
20
22
24
26
2B

x

Bo dy
(

Weight
Ib)

CONTROL

1070
1040
10I0

875
e55

LI75
905
840
895

LO20
850
Bg0
680

74-05-09/?4-Lo-28

B5
75
55

100
65
20

L75
L95
L25
Ig0
1r0
L25
140

Serum Cu
(ue/nt)

0.50
0,50
0,32
0.60
0.28
o .ll4
0 .44
0 .40
o Õt+
0.84
0 .48
0.30
0.58

-0
-0

0
-0

0
-0
-0

0
-0
-0
-0
-0
-0

9)5.7? LL?.)L

26
r4
o¿f
rB
f¿l
OB
04
04
04

Unit

Cow

I
7
9

11
L7
r9
2L
2)
25
27
29

Body Weight
(ru ¡

t+6

.38

.04

.06

.L2

TREÂTED

925
l"ol0
Lo35

?oo
10r5

970
800
gt+5

9¿to
900

Log5

-0.09

25
6o

L05
I20
245

BO

)o
l-25

70
185

Lþ5

Serum Cu
(us/nt)

0.40
0.28
0 .40
0,46
0 .48
0,22
0.60
o,)?
0,28
0,28
0.68

94L,36 gg ,Og o.40

-0
0

-0
0
0
0
0
0
0
0
0

TO
18
10
18
04
26
10
08
)?
26
16

0 L3

H
H
N)



Herd Il

Unit
No.

Calf
4
6
I

10
L2
14
16
1B
20
22
2I+
26
28

x

Body Weight
(ru ¡

XY

CONTROL

l-75
zLO
130
L)5

95
l-35
u0
140
L55
185
160
L55
l.30

74-05-o9/?4-Lo-28

)40 o.5B
)05 o. 84
28O o.7O
300 0.78
T5 0.76
375 O,7B
)L5 0 .54
325 0.78
J?o 0.50
)70 o.B4
?95 0.80
2go 0.62
)30 0.50

)2L.54 o .69

Serum Cu
(tJe/n:-)

LsL,92

0
-0.40
-0,)6
-0.20
-0,22
-0. l8
-0.04
-0.2t+
-0.04
-0.38
-0.30
-0.)4
-0.04

-o,23

Unit
No.

Calf
I
7
9

I1
L7
19
2L
2)
25
2?
29

Body Weight
(ru¡

XY

TREATED

L25 340I20 100ro5 )65L)5 370160 4zo
95 3r0I00 ))o130 270

Lso 325
90 )2or2o 3Bo

Serum Cu
(vs/nt)

0.¿lo
0.60
1.50
o.6t+
0 .48
0. 88
0.76
0.68
0.90
0.58
0,76

L20.9L ))9.o9 0.74

0.02
-0.02
-0. 86
-0. I0
0,L2

-0. 12
0

-0. t0
0.I0
o,22
0.04

-0.06

H
F(,



Herd 12

Unit

Cow

2
l+

6
I

10
L2
14
16
20
2?

x

Calf
?
4
6
B

10
L2
I4
L6
20
22

x

Body Weight
(rb )

CONTROL

LOz5
L255

900
1040
L2)O
1l.55
r040
1000
I060

830

LO5J ,5

L05
r40*5
L55
130
115
L25
L65

95
75

?4-05-27 /?4-l.1-L9

170
95

110
r05
L20
r75
L95

25
u0

90

LzL.5

285
100
)45
295
)60
J05
280
2)O
rB5
225

Serum Cu
(ue/nt)

0. þB
o ,52
0 .40
0 .56
o .40
0.40
o.36
o ,56
0.22
o,)2

-o,02
0.18
o.02
0.I0
0.14
0. r0
0.18
0.08
0.12
0

0,09

-0.02
0.02

Unit
No.

Cow

I
3
5
?
9

I1
L3
L5
L7
L9
2L

Calf
1
)
5
7
9

1I
I)
L5
17
r9
2I

TREATED

0

Body Weight
(]b )

4z

0.58
0.66
0.68
0 .60
0.72
o,6t+
0.48
0.64
0.84
0. gB

920
1000

900
1180
1050

975
r040
I110
LLz5

e35
875

L25,0 281.0

105
L25
r70
105
Ì40
185
L35
r50

50
65
55

-0. t0

Serum Cu
(ve/nt)

-0.l-2
-0.08
-0.04

0
0
0
0
0
0
0
0
0
0
0

0

0.10

0

o,)2
-0. 16
-o.64

,60

6B

IOIO. O LI6 ,82

40
5t+
5t+
)2
6z
74
4B
5o
3t+
30

-0

-0.02
0.16
o.02
0.06
0.I2

-0.06
-0.18
-0. r0
0.I0
0.16
0.16
0.04

0
o .44
0.10
o.02
0,26
0.02
0.04

-0.10
0 .24

-0.22
-0. l0

0. 0ó

L35
L25
125
ú5
185
j.25
L65
r55
r40
I20

BO

07

3)0
2t+5
285
295
100
270
3)0
250
290
245
2?0

4g

0
0
0
0
0
0
0
0
0
0
0

68
L6
6o
72
46
6z
6o
76
46
BB
64

1l B . 1B 282 ,73 6o
H



Herd 1l

Unit

Cow

2
4
6
B

10
L2
14
L6
r8
20

X

Calf

Body Weight
(rb )

CONTROL

640
1040

BIO
875
775
Bg0

106 0
775
675
655

4ls
2L0
r80
zLO
250
220
2)o
zLO
?50
275

Serum Cu
(tss/nL)

74-05-22/24-tt-tg

2
4
6
I

IO
L2
I4
L6
1B
20

ï

o,74
o.66
0,44
0 .78
0.70
o,66
0.66
0.60
o,7l+
0.74

o.6T

0,90
o,62
o,56
0.90
0. B0
L,02
0. 82
0. B0
0,76
0. 86

o.93

9Lg ,5 247 ,O

-0.18
-0,)6
.-o,26

L50
L55
L20
L45

9o
L25

90
90

l.25
I10

Unit

0.06
-0. 16

)70
J55
100
)65
275
)60
300
295
3r0
)05

Cow

I
)
5
7
9

]I
L3
L5
L7
L9

-0.16
-o ,26

Body Weight
(rb )

-0.30
-o.22
-0.)2

-0

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

-0

TREJ,TED

I20.0 32) ,5

775
970
800

I000
Lo? 5

950
920
860
960
Bg0

22

L2
10
04
IB
04
6?
26
20
OB
42

2L

L95
L)5
250
225
L65
280
205
?75
2L5
285

Serum Cu
(vg'.int)

Calf
t
)
5
7
9

II
L)
r5
L7
L9

o .52
0.6I
o,66
0,66
0 .68
0.60
0.66
0,62
0.70
0.58

920,O 22).0

L?O ?95
65 )20Ir5 loor75 )55130 lr0r45 )85r30 ))o1þo )25L20 295

150 J25

-0.08
-0.28
-0.08
-0.18
-0.04
-0. r4
-o,20
-0,04
-0.26
-0,I2
-0.140 .64

0.80
1.00
1. r¿+
0.64
0.90
0.82
0.66
0.80
0.90
0. 86

0. 85L29 ,O 3Zt+,0

-0.04
-o ,54
-0,42
-0.14

0
-0.08
0.04

-0.20
-0. l2
-0 .12

-0. 16 H
F
(-¡



Herd 14

Unit

Cow

2
4
6
B

TO
L2
14
L6

x

Calf
2
4
6
B

10
L2
14
T6

r

Body Weight
(rb)

CONTROL

l0t0
855
825
880

1130
L27O
1010

970

996,3

7t+-oS-L? /24_t0_zU

225
L)o
Ð5
r55

95
L65
L95
180

160.0

)45
350
)20
)65
280
380
)70
)L5

340,6

Serum Cu
(us/n:-)

o ,56
o,)6
o.56
0 ,52
0.58
0.60
o .56
o .56

o ,54

o,6l+
0.42
o,72
0 .48
o ,56
o ,56
0.78
0.68

0.61

I20
L70
L)5
140
L65
r90
150
140

-0.10
0,L2

-0,L2
-0. 14
-0.20
-o,20
-0. lB
-0.20

-0.15

Unit

Cow

I
)
5
7
9

t1
L3
r5

Body Weight
(ru¡

I5L.3

TREATED

590
B?5
855

I050
LLg5
665
805

1160

-0.44
-o,26
-o,52
-0,26
.-0,24
-Q,J+
-0,36
-0,42

240
205
2L0
L75
2)o
205
1?0
1r5

Lg).9

Calf

Serum Cu
(ue/nt)

I
3
5
7
9

1I
L3
t5

0,44
o ,54
0.60
0,66
0.58
o ,54
o ,52
0.48

o ,558gg,t+

-0,)6

100 280
r50 320260 )4oL65 )?5110 )85L?5 3ool8o 4t5
150 290

-0. 14
0.L2

-0 .10
-0,26
-0.12
-0.28
0.08

-0. I8

-o .I¿+

-0 ,22
-0 .02
-0,02
-0.30
-0. I0
-0. 20
-0.10
-o ,54

-0.19L55,O )JB,L O .55

0 ,56
0.6 0
0.22
o,64
0.68
0,42
o.l+6
o,78

H
H
o\



Herd 15

Body WeightUnit (ru¡
No. X Y

Cow

2
l+

7
9

II
L)
L5
L7
19
2L

T

CONTROI,

950
800
925

1050
7)5
9)0

LL55
%5

ro25
755

?4-05-zL/t4-to-09

t)5
160
I85

7o
BO

I20
6o
90

r00
L25

Serum Cu
(IJe/n]-)

XY

0 ,58
0.)6
0,)6
0.68
o .54
o.40
0.26
0,42
0.50
o,)2

926 ,O rL?.5

0
0
0

-0
-0
-0
-0

0
-0

0

-0

06
IO
06
04
16
0ó
T6

04
02

02

Unit
No.

Cow

TREATED

0 .44

Body Weig'ht
(rb)

XY

I
3
B

IO
L2
I4
r6
1B
20
22

950
680
900

1105
LzB5
7ro

Lo? 5
775
7ro

1000

BO

)5
65
)5
B5
40
05
75
6o
L5

I
I

Serum Cu
(ue/nt)

X

0.28
0.16
0 .44
o,J6
0.42
o.j4
0.50
o.34
0.6 0
0,66

I
I

I
I

9I9 ,0 L09 ,5

Y

0.20
o.32
0.16
0 .22
0.14
0.12

-0.04
0.30
0.I0
0.02

0.150.41

H

{



Herd lJ

Unit
No

Calf
2
4
?
9

T1
L3
r5
T7
L9
2L

ï

Body Vfeight
(ru ¡

?4-05-?L/24-to-og

CONTROT

200
L)5
140
290
L)5
r80
r50
L95
zLO
190

285
IB5
L95
230
L75
?L5
245
L95
zLO
zt+s

218.0

2)5
r90
L95
r.60

Serum Cu
(ue./nt)

Yearling Heífers
?38
24P'
25n
27s

ï

0.38
0 ,52
0. B0
o,)?
0. 82
0.16
0 ,54
0.J0
o ,52
0.)2

L82,5

0
-0.08
-0,32
0.L2

-0.14
0 .40
0
o,)2
0.lB
0.I0

0.06

-0.06
o.L2
0.02
0.04

0.0J

650
?25
575
fi5

Unit

Calf
I
)
B

10
L2
r4
L6
1B
2A
22

0.47

0.60
0.38
0.60
o ,56

0 ,51,.6zL.j r95,0

Body Weight
(ru¡

TREATEÐ

9o 295
65 rB5

I7O 2r5
rB0 205
L7o 255
95 160

240 210
I50 ?oo
I90 205
L95 2r5

L54,5 zl.t+ .5

Yearling Heifers

Serum Cu
(ue/nt)

2)A
z4*
?5n'
?,6A
27A

0.92
o.6o
0.94
0,36
0.90
0.92
0,)2
o ,51+
0.16
0.62

0,6)

0.58
0,36
o .48
o,36
o.)4

o,l+2

555
595
6oo
fio
6oo

-0.21+
0.10

-0.J4
0,24

-0.16
-0.24

0 .40
0.10
0 .44
0,L2

L95
r90
r9o
2L0
?)0

5?6.0 20),0

0 0¿l

0
0
0
0
0

0

20
22
20
16
28

2L

H

æ



Ílerd 16

Unit
No.

Cow

4
10
L2
14
I6
IB
20

x

CaIf
4

IO
L2
T4
16
1B
20

x

Body Weight
(Ib)

X

CONTROI,

9l.5
115o
1050

800
870
gB0
BBO

gt+g.)

2r0
r40
r50
290
ú5
L65
235

L93,6

7 t+-o 5-zL /7 t+-Lz-Lr

100
9o

115
160

95
55

r55

110.0

Serum Cu
(ve./mt)

0.80
o.g2
0.60
o.82
0. 84
o,72
o.74

0 .78

0.78
L,L2
o.62
0.60
0.78
0. 88
0. 82

0.80

-0.04
-0.16

0
-0. l4
-0.02
-0.04
0,06

-0.05

-0.08
-0.48
0.06
0. r8
0.06

-0,32
0.06

-0.07

310
305
29o
285
)60
)55
)45

)2L.4

Unit
No

Cow

7
9

11
TJ
L5
L7
L9

- 
TRE¡,TED

Body Weight
(Ib)

XY

800
1040
TLI+5

900
9t+o
870
9?o

945,0

L?o
LL5
215
L25
r40
L45
rl0
I48.6

Calf
7
9

11
13
L5
L7
L9

I00
75
3o

1r0
95

r40
70

BB .6

Serum Cu
(ue/nr)

0.60
o.62
0.60
0,66
L,02
o.76
0,62

o.?0

0,?6
0.82
0.80
0.66
0.80
0.90
0. 84

0. B0

0.18
0.I0
0.18
0

-0.08
o,L2

-o,02

0,07

-0.04
-0.02
-0.04
o.02
0,J0
0.I0

-0.14

0.01

310
100
420
245
?90
270
z6o

299.3

\o



Herd tZ 74_o7_oV/?U_Lo_tr
CONTROL

Unit
No.

Cow

Body Weight
(}b )

XY

2
4
6
I

L2
14
18
26
3o

750
1000
1105

840
LzL5

9?5
580
905
650

B5
50
75
6o
10
45

L)5
7o
90

Serum Cu
(ue/nt)

ï

Calf
2
4
6
I

L2
I4
1B
26
3o

0.62
0.30
0,2?
0.20
0.J0
o'51+
0 .40
0.70
0.J0

Bgl.l 68,9 o.40

-0
0

-0
0

-0
0
0

-0
-0

06
10
02
TO
10

300
L?5
150
200
2L5
2L+o
210
400
140

Unit
No.

Cow

I
5
7
9

1I
r5
L7
L9
2L
23
25
27

Calf
I
5
?
9

11
L5
T7
L9
2L
23
25
2?

185
L75
L20
2?5
L75
L95
2L5
IBO
140

Body Weight
(}b)

24
2?
OB

x

o.JB oo.3I+ o0.56 -o0.44 0
0,76 0
o .51+ o
0.62 0
0.62 0o,54 -0

TREATED

9L5
?)o
820
970
880
870
725
860
720
800
675
750
809.60

225.6 L78 ,g 0 ,53

-25
5o
95

-10
6o

5
75

100
55
6o
95
75
44,6

.22

.L?

.06

.16

.10

.02

.08

.04

.24

Serum Cu
(ua/nL)

0
0
0
0
0
0
0
0
0
0
0
0

0

0
0
0
0
0
0
0
0
0
0
0
0

0

2B
26
B2
?6
24
20
40
1B
)0
)o
¿lo

t6
3?

I

0.
0.
0.
0.
0.
0.
0.
0.
0.
0,
0.
0.

r15 r4o
l3o L55
1ó0 140
260 2r5
115 llo
L)5 Lo5
r40 120
140 r20
L)5 L75
L45 L25
L)5 L45
r40 1r0

44
)B
14
28
34
1B
)o
26
16
)0
38
22

0.05

4B
44

.50
,24
.52
,50
,72
,30
.44
,3/.+
.60
,52
.47r45. B 140.0

26

0.16
0.28
o.26
0 .40
0.04
O. TB
0.12
o,26
0.28
0.10
0.18
0,20
0,22

N)
O



Iterd 18 ?4-o5-L?/24-tt-04

CONTROI,

Unit
No.

Cow

4
6
I

L2
I4
16
TB
20

x

CaIf
4
6
B

T?
14
16
rB
20

ï

Body Weight
(lb )

XY

870
840
9ro

tL? 5
870
900

1060
840
g)),L

L35
90
95

L65
100
100
L25
L25
t16 .9

110
L55
L95

5o
r80
2t+O
rl0
rl0

Serum Cu
(ue/nt)

XY

0.60
0.þ0
0,52
0.78
o ,52
0.48
0.38
o .56
0 ,5)I4B. B

)60
225
225
2)5
230
275
n5
245
266,3

-0. 12
-0.02
-o,02
-0. r4
-o,?2
-0.06

0
-0.28
-0. 11

-0 .1
-0,2
-0.06
-0.24
-0,18
-o.22
-0.10
-0,26
-0.17

Unit
No.

Cow

I
)
7
9

L)
L5
L7
L9

Calf

Body Weight
(Ib)

XY

o.66
o ,54
0,76
0.58
0.66
0.60
0.58
o.?4
0.64

TRE.A,TED

960
1160

9?o
IIOO

950
785

Lo25
BIO

970,O

rl0
lr0
170
140
130
1r0

9o
rl0
L26,)

185
T?O
r40
r85
160
140
L25
150

r50,6

265
260
))0
255
295
)40
275
245
283,I

Serum Cu
(ue/nt)

I
3
?
9

L)
L5
t7
r9

0.60
0.80
0 ,56
o,?2
o .52
o ,56
0,56
0,62

0
-o,42
-0.J0
-0.06
-0.18
-0,22
+0.20
+0,24

-0.09

-o,24
+0. 16
+0.30
-0.08
+0.02
-0.14
+0.06
-0.l_4
-0.01

0.62

o.64
o,34
o .56
0 .68
o,54
0.90
0.78
0.74
0.65

H
N)



Herd 19

Unit
No

Cow

L3
14
L6

x

Body Weight
(rb )

Zt+_05_to/?U_r)_J0

CONTROL

Lo55
1120

895

L023,3

L5
65

-80

0.0

Serum Cu(udnI)

CaLf
L3
I4
16

o.)2
o.26
0.16

0,25

x

]-90
160
L75

0. 14
o,l+4
0.38

0.32

17 5,0 225,0

180
2?o
225

N

Cow

I
2
)
l+

5
6
?
9

10

Body Weight
(rb)

0.72
0,72
0,22

0.55

TREATED

870
700
905
845
760
950
850
720

1000

0.09
0.lB
0 .44

o.24

x

Calf

35
75
95

-lt0
)o

150
60

r40
¿+o

Serum Cu
(ue/nt)

I
2
3
4
5
6
7
9

10

0
0
0
0
0
0
0
0
0

Bþ4.4 S?.2

2B
L6
28
54
22
)2
28
)2
32

)0

L6
22
2B
90
L2
6t+
90
44
44

Ll,6

L25
L25
rl+0
r50
L35
L20
ú5
r00
r50

o,)l+
0,34
o.?2

-o,02
0.40
oÕ6
0,)6
0.68
0,56

0,)6

0.68
0,66
0 .40

-o,)2
0.50
0.16

-0. lB
0.48
0 .48

o.)2x

L75
245
300
2t+5
250
2)5
265
I85
200

0

0
0
0
0
0
0
0
0
0

L32,2 23) .) H
N)
f..)



Herd 20

Unit
No.

Cow
l+

6
B

10
L2
14
1B

Body Weight
(}b )

XY

CONTROL

1000
7sCI

1160
I040

950
IOBO

875

x

CaIf
4
6
I

IO
L2
14
l8

x

7t+-o5-L6/24-to-24

L20
L25
105
I00

5o
IIO
r50

108.6

300
240
27o
310
205
270
270

266.4

Serum Cu
(uslmt )

9?9,)

IB5
100
260
2?5
L65
?60
zLO

20? ,9

0.74
0.60
0.64
0.72
o.72
o.96
0.70

o.73

0.66
0.66
0,26
0,64
0,54
0.68
0.60

o ,58

-0,20
-0.14
-0.J0
-0.30
-0.J0
-0.10
0,04

-0,2L

-o.20
0
0

-0.34
-0.I0
-0.)4
-0.10

-0.15

Unit
No

Cow

3
5
9

1I
L3
L5
L9
2)

Calf
3

9
I1
L)
L5
L9
2)

TREATED

Body Weight
(lb )XY

825
roB5

985
r060

905
800

1020
Lo? 5

969,4

L25
5

Lo5
Lr0
)o

L20
160
105

95,0

3L5
305
320
250
375
250
275
?40

29L,3

Serum Cu
(us/nr)

0.
0.
0.
0.
0.
0.
0.
0.

58
8þ
82
B2
72
68
7B
?B

L55
L35
240
rB5
260
2)5
200
250

207.5

0.06
-o,22
-o .56
-0. 08
0.06
0.0ó

-0. 16
0.16

-0.09

-0.02
-0.12
-o,28

0
0

-0.10
0

-0 .60
-0. r4

75

0
0
0
0
0
0
0
I

5o
?2
58
5B
6o
6o
4B
I6

a

o.65

H
N)



Herd 2L

Unit
No.

Cow

I
4
6
I

10
L2
14
16
rB
20
22

r
CaIf

2
4
6
B

].0
L?
1l+
L6
r8
20
22

x

Body Weight
(lb )

XY

CONTROL

Ð45
1185
roB5
Il50
1130
1200
LJ65
L27 5
1r50

920
885

?4-o5-L5/?4-to-24

L65
140
2L5
L35
130
2l.5
100
r85
240
260
285

Serum Cu
( us,/m1 )

X

o.66
o ,5Ll
0,72
0.70
0. 84
o.72
0.72
0,72
0.72
o.66

LL53 .6 rBB.2

Y

-0.38
-o,26
-o,)6

L65
r05
L75
205
L25
L55
100
185
160
L45

BO

Unit
No.

-0.50
-0.50

Cow

I
3
5
7
9

II
LJ
L5
17
L9
2T

-0.24

0. 86

)85
37o
)65
340
390
)50
)85
3Bo
3r0
)25
230

-0.26

Body Weight
(lb )

XY

0

-0.44
-o,46
-o.42

7t
-0.4¿l

0
0
0
0
0
0
0
0
0
0
I
0

TRE.â,TEÐ

66
92
B2
66
9t+
72
92
?2
72
6z
o2

79

-0

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

rc55
BBO

ro85
ro35
Lo? 5
L27 5
1005
L055
11r5

905
ll-60

I45.1+ )t+9 ,I

)9

5o
?o
t+4

24
66
44
42
t+z

02
)2
6z

225
255
255
224
150
L25
290
200
140
300
180

Serum Cu
(ve/nt)

x

CaIf
I
)
5
7
9

1I
L)
L5
L7
L9
2L

0.64
0.70
0.78
0.60
0.90
1.00
0.60
o,74
0.70
o,?4
o,?l+
o,74

o,64
0,76
0.78
0.60
o,82
0,62
0. 82
0,22
0.66
0.66
0,46
0,64

1o5B .6 2L2 .7

Y

-0

-0.28
-0.08
0.06

-0.24
-0.30
-0.20
-0.34
-0.04
-0,26
-o.)2
-0.40
-0,22

-0. IB
-0.40
0.02

-0. I0
-0. r0
-0.42
-0 ,52
-0.0þ
-0,26
-o,)4
0.14

-0.20

L55 3J5L65 )5oL25 245
L95 )65L95 360225 )o5r4o )55180 225
L25 J)5L55 365L45 255

4l 164. r 3L7 ,?
H
f\)
+-



Herd 22

Unit
No

Cow

)
4
5
B

9
11
r5
16
20

r

Body Weight
(ru ¡

CONTROL

985 225
970 60
900 100

r0o0 85
975 45
Blo 80
950 85
97 5 Lt+5
895 L75

9l+2,2 11r.1

CaIf

Serum Cu
(veJnr)

74-05-r4/24-to-lt

3
4
5
B
o

II
L5
L6
20

0,72 -0.18o,5+ -0.16
o .)6 o. roo.64 -o,29o,56 -0.20
o .56 -0.180.86 -o .56o,4z o. o¿+

0.58 0

o.58 -0.16

200
75

t20
B5

TL5
L20
IIO
I4o
230

L32.8

Unit

x

370
250
37o
zBO
290
290
235
)I+o
3?o

No

Cow

I
6

l0
L2
L)
14
L7
T8
r9

Body Weight
(lb )

XY

0,80 -o ,2?
0.88 -0.680.70 -0.10
o ,56 -0.300.68 -0,j60.86 -0.58
o ,?2 -o .54
0.64 -0. 06
0.58 0, 18

1115
Bg0

IIOO
880
970
96o

L03 5
935
940

3L0,6 O.?L

L45
r20
65

110
7o

L25
I00
150

95
1I1.1

)45
340
405
2?5
)40
)rc
29o
)05
375

)3L,?

CaIf
1
6

10
T2
L3
Lt+
17
1B
I9

Serum Cu
(us,/mr )

o ,54
0 .52
0,76
o ,52
0.58
o.66
0.)6
0 ,56
0,42

980,6

L25
L25
2)0

9o
1r5
L95
130
L55
l-20

L+2.8-0 32

0.04
-0. L6
-0,I2
-0.08
-0. 14
-0.06
0.06

-o.22
0.o2

-0.07

-0.04
-0.44
-0,I2
-0. 16
-0,22
-0,2t+
-0 .16
-0. 14
-0.08
-0.18

o ,55

o.62
0,70
o,92
0.60
0. B0
0. B2
o.62
o .5t+
o ,56
0,69

l\)
L¡



Herd 2l

Unit

Cow

3
4

t0
1I
L2
14
L6
20
2t+
27
2B
)o
3L
32
3)
35
)6
3B
)9

x

Body Weight
(rb )

CONTROL

000 220
925 250
920 ?25
765 255
965 225
850 zjo
880 180
855 255
06 o zt+o
665 285
805 L95
980 lgo
970 2)0
925 2t+5
060 2?o
045 45
965 205
9? 5 2r5
900 25o

?4-0s-Lj /?u-to-oa

Serum Cu
(vg/nl,l

I

t
I

o,62
0. B0
0,76
0,78
0.68
0. 86
0,62
o,74
0.80
0. 86
0. 84
0 .78
0,80
o,72
o.B2
0. 84
0.90
0.84
0.78

0.66

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

24
10
08

Unit
N

Cow

I
2
5
6
7I
9

L3
L5
L7
1B
L9
2L
22
2)
25
26
)4
)?
4o

52
2B

,06
.22
.44

Body \treight
(ru ¡

92L,6 230 .O

)o
04
56
2B
L+6

04
1B
10

TREATED

BBO
?75

Lo35
900

LOt+5
96o
gLt5

960
810
880
860

r0)5
L07 5

930
7)o

I040
11r0
r07 5

810
850

-0
-0
-0
-0
-0
-0

-0

?80
45
225
200
I85
?65
245
265
190
240
?o5
205
295
2L0
r80
225
2LO
L95
2)0
285

Serum Cu
(uslmr )

10
)8
4B

0.?6
0.80
0,70
I .l¿t
0. 84
0.76
0,62
0,78
0.90
0.88
0.78
0.84
0,86
0.78
o,9?
0. 84
0. B0
0. B0
0.90
0.82

0.8Jz6

0
-0,L2

0

-0,36
-0 ,56
0.08

-o,02
0

-0.12
-0.08
-0.02
0.02

-o,34
-o,26
o,12
0.02

-o,)6
0.06
0.L2

-0.02

-0.09g)4,8 228,5

H
N)



Herd 2J

Unit

Calf
)
4

Body Weight
(rb )

t0
1I
L2
rl+
I6
20
24

CONîROL

9o
L45
185
r50
tB0
t75
r90
130
l.70
L50
L25
L)5
L65
L50
L50
185
rl0
140
L45

27
2B
)o
3r
72
73
35
36
3B
39

250
320
270
)20
3r0
3L5
310
3)o
)L5
100
200
)25
395
100
265
)40
295
T5
325

74-o5-L3 /?t+-Lo-o1

Serum Cu
(va/nL)

0
0
0
0
0
0
0
I
0
I
0
0
0
I
0
0
0
0
0

.68

.76
,70
7B

0.18
-0.06
-o,46
-o .56
-0,46
-0 ,56
-0,54
-0.60
-o J6
-o.76
-o.52
-0.06
-0,)2
-o .58
-0.40
-0.38
-0.14
-o ,50
-o,)l+

B6
7B
76
00
?0
00
BO
66
B2
10
88
9o
B4
BB
B¿l

B3X

Calf

TRE¡,TED

r52,L 306 ,3

Body Weight
(Ib)

1
2

5
6
7
B

9
L)
r5
L7
r8
19
2L
22
23
25
26
34
37
4o

L55
L)5
260
L55
l.70
IBO
Lt+5
Lt+5
140
160
L65
225
L7o
L05
140
140
t25
r40
L20
110

310
300
)L5
275
270
280
lB0
)30
2?O
?55
3r0
340
260
230
240
z4o
20<
295
250
295

Serum Cu
(vs/nL)

-0.39

0.68
O. BB
0.80
1
0
0
0
0
0
0
0
0
0
0
0
0
0
I
0
0

0

o2
BB
Zt+
6B
7B
96
6z
70
6z
BO

?B
92
74
90
10
96
96

B)

0
-0
-0
-0
-0
-0
-0
-0
-0

0
-0

0
-0

0
0

-0
-0
-0
-0
-0
-0

a

o2
4o
OB
20
20
OB
10
4o
28
T¿I
o6
IO
L2
OB
OB
z6

L57 ,5 282 ,O

50
)4
20
22

r5

H
N)



Herd 24 ?4-05-L4/?4-rt-04
CONTROL

Unit
No.

Cow

2
4
6
B

10
L2
14
16

x

Calf
?
4
6
I

10
L2
14
I6
T

Body Weight
(rb )

990
r050
L250
L47o
r060
1170
L27o
rr85

190
185
L75
r40
180
L65
130
L50

Serum Cu
(ug'inL)

1180.6 L64,4

0,86
0.90
0,94
0.40
0.62
o .56
o,44
0.68

L55
180
L65
160
t20
L45
105
L35

-0.58
'0.70
-0.ó8
-o.26
-o,42
-o.)6
-0.22
-0.50
-o.+7

-0 .3
-0.18
-0.46
-0. 12
-o.76
-o.74
-o.52
-0.50
-o,45

Body WeightUnit (ru;

330
285
)65
330
3L5
)o5
230
300

30? .5

0.68

o.46
0.28
0,7o
0.28
o.9l+
1.04
0,64
0.62

Cow

L45.6

3
5
7
o

1l
L)
L5

TREÂTED

1180
r43 o
13I0

970
1160
1280
r040

2)o
r20

65
160
r90
t00
220

CaIf

62

)
5
7
9

IT
13
L5

Lr95.7 r55,0 O .54

o,)2
0.80
0.48
0,72
0.58
o,t+2
0.46

?5
240
150
IBO
2L5
ß5
Lt+5

T67,L

-0
-0
-0
-0
-0
-0
-0

-0

J75
3)o
)45
355
)90
)L5
305

T2
6o
28
þ8
J2
20
28

33

0,70
0 ,56
0.90
o.7o
o,)2
o ,52
0.64

j45.0 o.6z

-0.44
-0.20
-0.76
-o.32
-0.02
-o.2t+
-0 .52

-o,)6

H
N)
æ



Herd 24

Unit
No.

Yearling
I8A ?LO2oA 6?5
2L,. Øo22A 720

x 683.8

Bo

x

dy Weight
(Ib )

CONTROL

190
300
220
240

2)7,5

7 4-o 5-:4 /Z t+-tt-04

Serum Cu
(uerlmr )

L,02
0.86
0,24
0.44

o.64

-0.84
-o,66
-0,04
-0,26

-o.45

Unit
No

Yearling
L?A 8r0
188 770198 7OO208 640
2tB 7)o

7)0,0

Body Weieht
(lb)

XY

TREÀTED

205
200
205
27o
270

2)0.o

Serum Cu
(vs/nt)

0.84
o.92
o,74
0 .48
0. ?B

o,7 5

-o,36
-a,4?
-o .54
.0. IB
-0.48
-0 .40

N)
\o



Herd 25

Unit
No.

Cow

2
4
6

I4
L6

x

Cal!
2
4
6

I4
L6

x

Body Weight
(lb)

CONTROL

I16O
L250

87o
L23O

970

?4-oS-Lj/24-r.t-05

140
L20
r40
l-20
r00

Serum Cu
(ue,/nt)

1096 ,0 L?4.o

o./+4
0.64
0 .64
0.68
0. 86

0.50

110
L45
r40
200
190

L5? .o

-0
-0
-0
-0
-0

3)o
340
180
425
)60

o6
26
02
20
26

No

Cow

1
J
5
9

11
L5

CaIf
0.90
o,76
0.58
0.38
0.38

0 .60

TREÁ.TED

-0. 16

-0.40
-0.28
-0,30
-0.08
0,24

-0. 16

Body Weight
(ru¡

J6z .o

855
975

1050
980

r040
1000

2?5
240
250
2)o
)L5
L35

I
)
5
9

l1
L5

Serum Cu
(ve/nt)

98) .) 7t+O,8

0. B2
0.64
0.62
0.62
0.78
0.50
0.66

0.48
0.42
o.?6
o.4l+
0,42
o,42
0.41

7o
l-75
L65
L45
L)5
140

T)8,)

290
))5
445
4)o
t+l S

)L5

-0,16
-0.10
-0. 16
-0. 14
-0.08
-0. r8
-0.r4

0,26
0.12
0.12
0,02
o.)2
0. 06

0.15)7 5,O

(Ð
o



Herd 26

Unit
No.

Cow

2
4
6
I

I0
T2

x

CaIf

Body Weight
(lb)

XY

CONTROL

L)g5
1090
I015
1080
I03 0

900
LO35,O

295
110
r05
L75
r55
L66,?

74-o5-L5/24-to-)o

3o
55
)5
20
)o
50

)6,7

285
27o
)20
)45
2?o

loo. B

2
4
6
B

I0
x

Serum Cu
(ve/nl)

0.30
0 .40
0.22
0,26
0.18
0.14

0.20
o,02

-0.02
0.18

-0.08
o .56
0. r4

0.10
-0. l0
-0.06
0.22
0.08
0.08

o.25

0.14
0.24
o.)4
0,20
0. l_0

0.19

Unit
No

coE

I
)
5
7
9

TREATEÐ

Body Weight Serum Cu
(Ib ) (ue/nt)

L)7 5
885
Bl0

1tB0
I020

Calf

20
BO

rB0
80
BO

88.0

lB0
J?5
285
lB0
)40
)42.o

I
)
5
7
9

1058. o

290
r50
150
255
150

L99.o

0,26
0. 14
0.14
0,42
0.18

o,23

0.12
0. t0
0.10
0.44
o,I2
0.18

-0. 06
0 .52
0.14

-0.22
o.)2

0. 14

0.04
0,)2
0.02

-0.12
0 .06
0.06

(,
H



Herd 2?

Unit
No

Cow

6
B

?t+
26

x

Calf
6
B

24
26

r

Body Weight
(lb)

CONTROT

1110
7?5
925

1110

980.0

L25
r15
L65
L25

L32.5

?o
6o

160
-L25

4L.)

425
L95
3L5
)35

)L?.5

z4-05-09/?t+-tz-tz

Serum Cu
(ue/nt)

0,)l+
0.90
0.30
0,70

o .56

0.50
0.70
0 .70
r.40

0.81

0.08
-o ,5?
0.10

-0.10

-0. 11

-0. 14
-o,22
-0.J0
_0.72

-o.)5

Unit

Cow

I
)

}I
23
27

CaIf
t
J

II
2)
27

TREATED

Body Weight
(rb)

7L5
870
800
875
975
846 .0

L25
100

B5
2)0

65

I21.0

190
)50
355
3r0
)Lto
)o9.o

Serum Cu
(ue/nt)

80
I00
150
L75
140

L29,0

0,66
o.¿14
o,42
o.62
0 .56
o.54

0.80
L.20
o,?l+
0.70
0.90
o.82

-0. r0
0,20

-0.04
-0.40
-0.16
-0.I0

-0.20
-0 .46
-0,24
-0.16
-0.60
-0,3)

H(,
N)



Herd 28

Unit
No.

Cow

6
B

1B
20
?2
24
26

X

Calf
6
B

1B
20
22
2t+
26

X

CONTROIJ

Body Weight
(Ib)

X

9?5 160
1100 7 5Lo)s L25
L24o 85
L225 -40825 L25
L)25 )5

Serum Cu
(ue/nL)

74-o5-09 & ?þ-og-r9/z+-ro-zg

LOg6 ,4) 80 . ?1

0.1+B
1.00
o.74
0,66
0. 86
o ,52
0 .78

0,72

170
95

L25
9o
80

110
105

0.06
-0.08
0.04
0,L2
0.02
0.I0
0.14

0.06

Unit
No.

390
275
J20
290
3L5
285
)t+o

Cow

7
t1
L7
19
2)

rr0.7L )L6,4)

Body Weight
(lb )

XY

0
0
0
0
0
0
0

52
78
92
92
9z
72
74

79

1050 50
750 85
9?5 75985 rr5r01o 85

0,24
-0. I0
-0.30
-0.14
-0.28

0
0.08

-4,07

CaIf
7

11
L7
I9
2)

Serum Cu
(ue/nt)

954.o 82. o o,?)

o.56
o,66
0.78
0,92
0.74

L45
?5

L20
1r5
I20

O.JB
0.12
0 ,20
0 .06
0.08

))o
340
110
285
290

1I5.0 11I.0 0.83

0.82
o,7B
0. B0
1.04
o.7o

0.u

0.06
-0.16
0.08

-0,22
0 .10

-0.03

(,
UJ



Herd 29

Unit

Cow

4
6
B

L2
r4

x

Calf
4
6
B

L2
14

T

Body Weight
(rb )

CONTROI,

6Bo
700
880
6e5
77o

745,O

105
80
BO

100
55

84.0

7L+-05-29/?Lt,-ro-29

255
L75
320
)o5
295

27O.0

)40
270
200
265
2L5

?58.0

Serum Cu
(ve/nt)

o,?6
o,?4
0.76
0,72
0.60

o.?2

1.08
1. l-6
o.96
L,02
r .48

1.14

-0.28
-0.46
-0.18
-0. 18
-0.30

-0.28

-0.68
-0.80
-0.38
-0 .56
-o.94

-o.6?

Unit

Cow

I
5
7

t1
L)

TREATED

Body Weieht
(rb)

695
560
66o
650
6ro

6)5.o

6o
75
4S
90

L25

79,O

Calf
1
5
?

11
I)

270
180
340
2?5
250

263.o

270
295
290
290
100

2Bg ,0

Serum Cu
(ue/nt)

0.84
0,71+
0.62
0.60
0.90

o.74

L,56
0. 86
1.50
0. 84
O. 84

l,L2

-0 .1¿l
-0,02
0.10
o,02
0.14

0 ,02

-0.68
0.L2

-0. B2
-0. o6
-0. o6

-0.30

H(,
Ð.



I{erd 29

Unit
No.

Yearling & Open Cows

158
16B
17B
lBB
1gB
208
2)B
248
258
288
10A

Body Weight
(lb)

XY

CONTROL

5L5
625
4zo
6oo
45o
2)o
575
385
650
5t+o
2?5

7 4-o S-29 /? 4-ro-?9

)70
465
)05
)05
)50
265
)40
280
290
)45
200

Serum Cu
(ug/nL)

x

0.66
o .54
0.40
0.82
0,96
O.JB
0. B0
0Õ4
0.68
0.68
0,42

4?8 ,64 )r9 ,55 o .6r

Y

-0
-0
-0
-0
-0
-0
-0
+0
-0
-0
-0

-0

44
)4
22
40
1B
I8
r6
6o
t+6

3B
24

22

Unit
No.

Yearling & Open Cows

L5A
17A
lBA
r9¡'
21A
24A
25*
26A
zBA
29n'

9A

Body Weight
(Ib)

XY

TREATED

7)o
)50
285
540
7)o
775
600
500
440
5L5
4jo

)o5
275
290
)90
lr0
)50
290
250
))o
)60
)55

Serum Cu
(ue/nt)

X

0
0
0
0
0
0
0
0
0
0
0

70
9o
26
72
6z
64
+4
BO
B2
BO
B4

fi? .73 )r8,64

0.16
-0.10

o .40
-0.l-0
-0.08

0
0,)6
0.08
0.04
0.04
0,08

0.0869

H(,
(¡



Herd J0

Unit

Cow

I
L2
14
1B

x

Calf
I

L2
I4
18

x

Body Vrleight
(rb)

XY

CONTROT

1100
810
8r5
970

923,8

150
r10
105
200

141. l

Z4-05-oB/?4-rz-rj

?05
LB5
r15
160

L66,)

480
4t5
+15
4ls

l..t+r.3

Serum Cu
(tJe/nt)

o.66
0 .56
0,76
o'5Ll

0,63

0.76
0.64
o.7t+
o,66

o,?o

-0.18
0,28

-0. 16
o. o6

0.0

-0.06
0.18

-0,24
0.08

-0.0I

Unit
No.

Cow

5
L5
20
2)

TREATED

Body Weight
(rb)

XY

L25O 80
885 L7o

1050 r50
LL?s 45

CaIf
5

t5
20
23

1090.0

r90
l.55
TL5
200

L65,o

Serum Cu
(ugrlmr )

o.66
o.6z
0 .54
o.7?

0 .64

0. B0
0,76
0.80
0.8?

0.80

rrr.3

4zo
4?5
325
365

)96.3

-0.04
o. o6
0

-0.10

-0.02

-0.08
o,L2
0. 14
0

0.05

UJ
o\



Herd lI

Unit
No.

Cow

2
l+

6
B

IO
L?
14
L6
IB
r

Calf

Body Weight
(lb )

CONTROL

8Bo 25
990 L45glo -85790 ?5
7Bo 60
950 -30
960 go
Bl0 )5B3o 9o

74-05-2? /24-to-24

Serum Cu
(ugrzmr )

?
4
6
B

IO
L2
14
16
IB

0.86
0.70
o,76
1.06
0.70
0.92
o.7o
0. 86
o,62
0. B0

0,76
1.10
o .70
0. 82
o,96
0,92
L.20
0.82
o.?6
0.89

BBo. o 45.0

?35
120
L45
L70

90
160

95
r50
L)5

-0
-0
-0
-0

0
-0

0
-0
-0
-0

-0
-0
-0
-0
-0
-0
-0
-0
-0
-0

,2?
.lB
.14
,28
.04
.)0
,L6

x

100
zBO
220
275
r85
260
225
2)o
270

Cow

Body Weight
(Ib )

I
)
5
7
9

I1
L)
L5
L7

t4þ.4 z+9 ,4

10
22

I4

20
)o
04
02
L6
L6
)4
06
20

L6

TREATED

985
L250
rc45
L250

BBO
875
950
900
920
906,L

TL5
145
L?o
r80
r40
LL5
110
D5
L25

-10
-60
-¿10

5
55
25

0
5o

-85
-6,67

265
280
260
225
285
275
285
270
230

Calf

Serum Cu
(ve/ntl.

I
)
5
7
9

1I
L)
L5
T7

0.84
0.74
0.70
0,7o
o.?6
0.88
o .70
0.62
0.86

-0.L2
0. 14
O.JB
0
0,02

-0.10
-0 .10
0.10
o.36
0.08

-0.14
0 .10

-0.I2
-0.06
-0.10
-0. 16
-0.10
-0.10
-0,10
-0.09

76

8t+

76
92
B6
90
96
?6
86
B6

86

0
0
0
0
0
0
0
0
0

0L)7 .2 28 .9

H(,
!
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Appendix IIB

Survey of serum copper status of additional herds

located on potential problem soil-s, L974,
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Herd )Z

Unit No.

Cow

Calf

74-L0-29

I
3

7
9

11
L5
t?
t9

x

2
4
6
I

10
L2
14
T6
t8
20

= 0 .536

x= 0,429

0.66
0 .54
0,46
0.46
0.58
0.48
0 ,52
0.56
0,66

0.58
0,)2
0.36
o.36
0.48
0.56
0,36
o,46
0.lB
0 .44

Serum
Level
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?4-L0-3rHerd ll

Unit No.

Cow

Calf

Serum
LeveI

0.90
o .56
0.68
0.78
0,76
1.08
0.62
0 .56
0.82
o .56

I
)
7
o

1t
13
L5
t?
r9

x

4
I

I0
T?
14
t6
18
20

0,66
o ,52
0.62
0.58
0 ,52
0.68
0. B0
0 ,56

= 0.?32

x= 0 .618



L4t

Herd J4

Unit No.

Cow

= 0,426

x= o,4t+2

74-Lr-7

Serum Copper
Level Ug./ml

0,42
o,52
0.26
0,36
0,28
o ,56
0 .64
o.4.6
0.38
0 .38

o.)4
0,36
0.46
o.24
0 36
0,44
0.62
0. 84
0.40
0,36

I
3
5
7
9

11
L3
L5
t7
L9

x

CaIf 2
4
6
I

10
l2
I4
I6
1B
20



L42

Herd JJ

Unit No.

Cow

Calf

?4-rL-6

Serurn
LeveI

I
3
5
7
o

11
L)
L5
L?
19

î

2
o
I

10
L2
14
t6
18
20

0. 90
o.g4
r,24
0.66
0.44
0.72
0.44
0 .50
o.7z
0.86

= 0,742

o,?4
0,7o
o.?2
0.68
0.48
0.28
0.?4
0. 82
0.48

x= 0.626



L43

Herd 3ó

Unit No.

Cow

Calf

= 0 ,544

74-r1-1

Serum Copper
Level- Ug /mI

0,82
0,24
0 .40
0 ,54
0 .54
0,64
0.68
0,62
0.42
0 .54

0.80
0.50
0,?6
o ,54
0,34
0,24
0.30
0 .56
0.t+2
oJ6

I
3
5
7
9

11
13
L5
t7
r9

x

2
4
6
B

IO
L2
14
L6
}B
20

x= 0,482



r44

Herd )7

Unit No.
Cow

x

Calf 2-4
6
B

10
T2
14
T6
18
20

?4-L0-22

Serum
Level

1
3
5
7
9

11
t3
r5
t7
L9

0.26
0.30
0,46
0 .10
0,)2
0,24
0,34
0 .58
0,24
0,32

0 .30
0.50
0,34
0 ,56
0,2?
0,34
0,24
0.58
0.24
0,)6

= 0.336

x- 0,)68

Copper



L45

Herd l8

Unit No.

Cow

Calf
= 0.67?

x- o,?60

?4-rl--u

Serum Copper
Leve] Ug/ml

0.78
0.60
o'70
0.70
a,76
0.48
0 .58
0,62
0.76
0,?4

r.00
0. 84
0. 80
0.68
0 ,54
0.62
0.86
0,62
0.90
0,74

I
)
5
7
9

1l
L3
L5
L?
L9

x

2
4
b
B

10
T2
14
t6
18
20



L46

Herd 39

Unit No.

Cow

Calf

74-11-1

Serum Copper
Leve! _Us./î,I

0 .60
a ,50
0.40
o'72
0 .40
0.46
0 ,54
0.30
0.46
0 ,52

]
I

5
?
9

]1
L)
L5
r7
L9

x

2
4
6
B

t0
L2
14
t6
1B
20

= 0,490

0.40
0 ,20
0.34
0,62
0.46
0 .18
0,66
0 .40
0.44
0.J0

x= 0.420



L41

Herd 40

Unit No.

Cow

CaIf

= 0.400

7 +-LL- 5

Serum Copper
LeveI Ue/ml

0 .40
0. 50
0,24
0 ,40
0.48
0.40
0.50
0,24
0,24
0.60

0.76
0.66
0.50
0.66
0.64
0.56
0.64
0.40
0 .38
0 .50

1
)
5
7
9

I1
13
L5
L?
L9

x

2
4
6
B

10
L2
r4
t6
1B
20

x= 0 ,570
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74-Lo-24

Serum
Level

Herd 4I

Unit No.

Cow

Calf

0,82
0.42
0 .38
0.42
0 .52
0 .48
0 .46
0.28
0,44
0.40

I
)
7
9

11
1l
r5
L7
r9

x

0,42
0,28
0 ,28
0,58
o .40
0,32
0.)2
0,36
0.36
0.68

2
4
6
B

10
L2
14
t6
18
20

= 0.462

x.- 0 .400

Copper



t49

Herd 42

Unit No.

Cow

Calf

I
)
5
7
9

11
L3
1(

t7'to

x

0.?o
oJ4
0,56
0,20
0.52
0,66
o ,56
0 .60
o .56
0.60

¿
4
6
I

l0
L2
r4
I6
t8
20

74-Lr-7

Serum Copper
Levgl Ue,/ml

0.44
0.66
0 ,56
0.58
0.32
o,28
0.62
0,47
0.70
0.74

= 0 .532

x= 0 .53L
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Herd 4l

Unit No.

Cow

7 4-L0-)0

Serum Copper
Level Ue/nl

0.3I
o .56
0,62
0 .40
0.62
o ,56
0 ,52
0 .50
0 .54
0 .56
0.64
0,46
0.64
0.46
o.64
0.lB
0.38
0,36
0 .56
0 .52
0,42
0 .60
0.48
0 .18
0.j6
0. 50
0 ,56
0.36
0.48
0 ,52
0 ,52
0,28
0 ,56
0,58
0 .40
0.60
o,42
0 .52
o.34
0.40
0 .48
0.64
0 ,52
0.)6
0 .56
0 ,56
0 .52
0 ,20
0.50

I
2
3
4
5
6
7
B

9
l0
L2
L)
14
L5
T6
L7
18
r9
20
2L
22
?)
24
25
26
27
28
29
30
3L
32
33
34
)5
36
37
)8
39
40
4I
4z
43
44
45
46
4Z
4B
4ç
50
x = 0.488
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Herd 44

Unit No.

Cow I
2
3
4
5
6
7
B

9
10
11
l2
t)
14
L5
16
T7
rB
10
L,/

20
2t
22
2)
24
25
26
2?
28
29
30
3L
32
)3
3t+
35
)6
37
3B
39
40
4I
42
43
44
45
46
4Z
4B
49
5o
r

74-rr-6
Serum Copper
LeveI Uelm}

0 .48
0.30
0 .18
0.)6
0 ,28
o ,52
o.26
0. 28
0. 20
o,)2
o ,28
O .IB
0,36
0.44
0 .50
0.40
0.44
0.38
0 .48
0.44
0 .10
0.)2
0,44
0.44
0.26
0. 28
0,)4
0.42
0.50
0.40
0 .40
0.42
o,)4
0 .30
o.64
0,42
o,)2
0,46
0.32
0.32
0.38
0.)2
0,)4
o .54
o.7o
O,M
0.60
4,32
0.38
0.38

= 0,387
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Appendix IIC

Serum copper levels of herds treated at 0 and

90 days and sampled every 30 days.



Herd ?9 - Grandvlew,

Serum copper values,

Unit No. ?4/oq/29
Cow

l+

6
B
2
4

I
1

x(5)

Manitoba

UdnLr control group

Calf

o,76
o.74
0,76
0,7?
0.60

4
6
I

T2
14

o.72

1.08
l. 16
0.96
1 ,02
r.þ8
l. 14

0,66
o ,54
0 .40
0.82
0.96
0.J8
0. B0
0,34
0.68
0.óB
0,63

r(5)
Yearling

0,74
0. B0
o.72
0 .78
0.58
0,72

0,71+
I.14
0,96
0.68
0.98
0 .90

0.3 B

0 .48
0.38
L,56
0.68
0.lB
0.74
o.22
o.54
o,?o
0.6r

r5B
168
T7B
188
I9B
208
2)B
248
258
2BB

o.7o
0 ,56
o.62
o.7o
0.38
0 ,59

0.74
o.66
o .56
0,72
o.56
0.65

0.4?
o.46
0. þ4
o.7o
0 .70
o.44
0.70
o,24
0.60
0.60
o .5)

?I+/oB'^?

0.68
0.40
0.50
0.68
o.)4
o .52

o.62
0,62
0 .50
o ,52
o ,5?
o .56

0.30
0.30
0,)6
0.64
0,66
0 .10
o,72
0,20
0 .40
o.46
o,4)x(Io)

0,66
0.J0
0.60
o.?o
0.61
0.58

0. 58
o .54
0.72
0.50
0.24
o .52

0 ,22
0 ,20
o,z0
0 ,52
0,76
0,20
o.7z
0. 16
o,26
0,28
o.)5

0 .48
0.28
0, 58
0 .54
o. J9
o .44

0 .40
0,)6
0.58
o.46
0 .5L
o.4?

o ,22
0,20
0.18
o.42
0.78
o .20
o.64
o,94
0.22
0.30
0 .4r

H(¡



Herd 29 Grandvlew, Manitoba

Serum copper values, IJg/n1-, treated group (*designates date of treatment)

Unit No.

Cow

t
5
7

II
L3

? Uo < /zgx

0.84
O,?4
0,62
0.60
0 .90
o.?4x (5)

Calf
1
5
7

1tt)
x(5)

YeaI'Iing

0. 88
0.70
o,74
0.68
o.96
o,79

L.56
0 .86
1.50
0. 84
0. 84

]5A
r7n
lBA
20A
zlL
24A
25A
26A
28A
29t

o.72
0,64
0 .64
o ,56
o.9z
o'70

0,86
o.74
o,62
0.60
O,?2
o .7r

o.7o
0.68
o.7o
0.50
0 .52
o .56
0,76
0. gB
0. 86
0.76
0.70

L,L2

r. 16
0.96
0.96
o .54
0,76
0. 88

0.70
0.90
0.26
0.72
0.62
o,64
o .l+4
0.80
0.82
0.80
0.67I(ro)

0.58
o.48
o .52
0.48
0.68
0.55

0. B0
0.64
0 .54
0.64
0.70
0,66

0.66
0.66
0.58
o ,52
0.48
o .54
o.82
0.6 B

0.66
0.68
o.6J

0. 86
0. 86
0. 84
0.66
0 .80
0.70
O. BB
0,72
0.70
0:?9
0,??

0. B0
0.68
o,76
0.66
o:94
0.77

o,94
0,94
0. 82
0. 90
0,94
o.9r

0. 82
0,82
0.76
0.68
0.60
0,66
0.90
0. 86
0.78
o,7B
o.?T

0. ?0
0,72
0.72
0,62
1.04
0,76

O. BB
0.98
o.6B
o,78
0.78
0.82

0. 86
0.80
0,66
o.62
0 ,54
0.64
0. B0
0.88
0. 86
0. 84

0.75 Ltl



Herd 3] Roblin, Manitoba
Serum copper values , tJe/nL, eontrol group.

155

?4/o? /ao ?4/08/26 ?4/ro/24Unit No . ?4 /0< '27

Cow

2
4
6
I

10
T2
14
t6
1B

o. 86 o ,76
0.?0 0,?6
0.?6 0,66
1.0ó 0.98
o,?o 0,76
0 ,92 0.84
0.70 0.82
o. 86 0 .86
0,72 0.58
0.80 0.78

0.76
l.l0
0 ,70
0.82
0.96
0,92
L.20
0.82
0,76
0,89

0,62
0,74
0 ,52
0.62
0,?0
0.68
0.62
0.68
0,62
0.64

0.90 0 ,76
0.90 o .76
o.8o 0.60
L.Oz 0 . 84
0. 84 0 .76
o. go o ,76
1.00 o .94
l. 06 o ,94
0,64 o:72
0 .90

0 .70
o.70
0 ,56
0.78
0.66
0.68
0.58
0.68
9.62
0.67

0.79

0,64
0.64
0.60
0. 84
0,70
0,74
0.70
0.74
0.68
o,70

0.64
0 .52
0,62
0.?8
0.74
0.62
0. 86
0.76
0 .40
0.66

0 ,56
0. B0
0,66
0. B0
0.80
0.?6
0. 86
0.76
0 ,56
0,73

x(9)

CaIf
2
4
o
8

10
L2
I4
I6
IB

x(çl



Ls6

Herd JI - Roblin, Manitoba
Serum copper values, Ilg./mI treated group (*desiørates date
of treatment).

Unit No.

Cow

i(e)
CaIf

x(e )

I
)(
7
9

1I
13
L5v

1
3
5
7
9

11
L)
t<
t?

?4/05/2?* ?4/01/oz ?4/oZ /e'o 74/oa/26+ 74/L0/24

0. 84
o,?4
0,?0
0.70
0,?6
0. 88
0,70
0.62
0J6
0,?6

0. 84
0.76
0,9?
0.86
0 .90
0.96
o,76
0.86
0. 86

0,86

0,70 0.78
o .94 1.08
o. go o,82
0.84 o. go
o. go o. 84
0.90 0 ,92
0.?4 0,74
0.78 o.Bo
o,g4 o.g4
0. 85

0 ,52
0.74
0.74
0,62
0.62
0.74
0.66
0.76
0,?4
0.óB

o,8?

0 .92
0. 84
0. B0
1.30
0.80
0.72
0,74
o.70
0.70
0. 84

0.68
O. Bó
0. 86
0 .80
o.82
0,94
0.70
0. 84
0.94
0. 83

0.60
0,66
0,72
0. 86
0,?2
0. 84
0.68
0. B0
0.80
0.74

0.72
O. BB
1.08
0,70
0.78
0.78
0.60
0,72
L,22
0.81

0.70
0. 86
0.80
0. B0
0. B0
0. B0
0,66
0.?6
0.76
0,7?
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Appendix IID

L97l+ Copper Supplementation Trial

Foraqe and Soit Survey



1s8

Lg?L+ SoiL and Forage Survey

Key to

SampIe
No.

1
2
)
l+

5
6
7I
9

IO
11
L2
13
L4
L5
T6
T7
18
L9
20
2L
22
2)
24
25
26
2?
2B
29
)o
3L
3?
33
3t+
35
36
37
)8
)9
40
4r
42
4l
44
45
46

Sample Location and Description

Sec.
st{4
Nw4
NE}
SEI2

r8
s'¡j20
N8
S2I
SE8
SE8

s35/N26
NEI8
NEl8
NE22
NEt9
sE30
sE30
sE3o
NW1
NE2
NE}1
NEII
SE26
NE26
NE26
Nt{I26
NvìI26
NW26
s25
s25
s25
s25
NE35
s26
SEl
lvlr
w2
s!v36
18
NE16
w6
SEl2
NW27
Nt{27
sEz9
Nt{3

Location
Twp.
26
26
25
25
25
24
29
23
26
26
28
25
?5
24
24
2?
??
22
26
26
26
26
23
23
2)
23
23
?3
2)
23
23
23
23
25
?6
26
26
23
25
36
))
)3
35
)5
35
35

Forages.

Sample
Descrlptíon
Fie1d I
Field 2
Field 1
Field J

FieId
Field

Fi eId
Field
FieId
Field
Field
Field
FieId
Field
Field
FieId
FieId

Alfalfa
Grass
Grass
.å,lfalfa No.
Alfalfa No.
ÂIfalfa A
Alfalfa B
Grass A
Grass B

Second eut

Grass
Tlmothy
Grass
Alfalfa

Rge.
27
2?
25
?5
2?
2L
29
24
1B
18
28
2L
?t
27
26
14
14
14
25
25
?5
25
?6
26
?6
26
26
26
26
26
26
26
23
28
t3
L3
L)
T7
22
25
22
?)
28
2B
28
29

I
2

I
2

)
I
1A
IB
IC
I
2

?,

I
2



SampIe
No.

4Z
48
49
50
5t
52

5)
54
55
56
57
58
59
6o
6L
6z
63
64
65
66
6?
6B
69
70
?L
?2
73
74
75
76
77
78
79
80
81
8?
83
84
85
86
87
88
B9
90

Location
Sec. Twp.

¡rw29 3 5sY{I5 35s21 )5Nzr 35?? ))Nwl3 27

N28 ))L7 37s9 3?Nl{þ )7s21 23
s21 2)
sE18 36NE5 366e7 34s26 25
sw26 25
SWz 2L
SEz 2L
NEIO 2L
NEIO 26

14 26
Er5 26
NE27 3sErT 3?43?!{15 )533 27
10 33333L5 )5E3) 2?
18 25
12 262r 1615 35
36 )229 2)

W4 ??
18 16
937sw15 3510 3)L2 ?6

1s9

Sample
Description
Grass
Grass
Grass
Grass
Grass
Brone/aLfalfa/
quack
Grass
Grass
Grass
Grass
Grass
AIfaIfa

RÂe.

29
20
20
?o
L5
r5

L5
27
27
2?
24
?4
25
25
r9
28
28
27
27
27
t)
l2
L3
5E
27
27
20
L5
2)
2J
20v
2t
L)
25
20
2)
L7
L5
25
27
20
23
t)



160

Sarnple
No.

Location
Sec. Trrp.

swt5 35L2 )3
SEl? )79)7NwI6 35w)3 27

937633
36 )2:.6 j6
L2 2629 35Nw16 )5slvl 35NE27 )6Nwlr )4sEI6 35sE?) 36Ntv5 3?NE36 36NE33 36NEz 36sr¡¡34 3 5Nw25 36NE20 36NE6 35sw29 )4sw24 20

sw5 2t+

Rge.
Sanple

Deseription
9Lo)
9)
94
95
96
97
98
99

100
10I
102
103
r04
L05
106
LO?
r08
109
110IrI
112
r13
r14
115
116
Lt?
IlB
ltg

20
2)
27
??
20
t5
2?
22
23
25
t3
29
29
26
28
29
29
27
27
25
24
28
26
2?
24
29
29

6
20



Fe Zn

L6T

Mo

2,0
3.4
1.4
l_.4
r.6
5.0
2.0
^a
0.8
0,6
rìR
rlr
).0
I,2
).4
0,6
0.4
0.8
r.4
2,6
1.0
0.4
0,6
6,0
0.8
I.0
2.0
).4
2,0
I.B
1.4
1.8
3,6
1.4
1.0
I.B
2,0
),4
3.4
4.0
2,4
5.0
7,0
4.0
2.4
).4
9,0
1.4

L974 Soil and Forage Survey
Forage analyses in parts per million, dry weight.

)4,6
4.4
24,3
24,L
22.?
20,2
27 .t
)t.2
2L,6
22,)
30.1
29,6
L6,7
)0.7
22,2
19.0
25,4
D,4
2) .5
)0.6
16.B
L9,3
20,3
26 .5
2t,2
2).9
24.I
25.7
2).9
29,7
28,6
25,?
)7 .7
11 ,7
2L,B
18.4
24.5
l-4.9
19,1
29,0
40. B

)4.r
24,1
27.9
26.)
21,)
13 .8
26,8

Mn

41. r
35,8
44,3
2L,5
22,9
28. B

26,8
57 .7
L5,5
r7 ,9
)5.4
44,3
28.5
77 .3
L7 .2
L9,2
)),6
48. I
3l-,6
)2,)
L2,0
2L)
L2,7
!4,4
L2.0
lB ,5
30.4
2L5
1B .5
2),0
26,7
25,6
45,2
2L,5
54,4
5L.L
5T,L
48,9
20,4
34,L
12,5
82.6

L20,?
D)C

20,8
?5,8
16 .I
68,g

L44.3
t38.7
L59,7

Bg ,5
74,0

L22,2
L56,8
160 ,5

57 ,)
6),8

L5).2
L03.9
IT5,2
r42,2

51, B

48.9
42.)
96.6
86 .1

Lfi,2
6g,g
55,4
52.L
45,2
54.0
52,L

L07,5
240,7

58.9
r54,7
70.1
67 ,L

g8o.o
44.7
86 .0
8J .4
7).9
67 .5
98,g

L0) .5
58.0
70,9

r20,?
? 5,?

}J0.1
78,6
8r.0

125,5

6.5
<t)
6.5
7,2
ó.1
lr)).1
4.6
ó.r
6,4
6.4
5,7
5,7
6,L
9.3
8.9
5,?
6.1
4,3
6.4
8.6
5,0
4.6
6,4
5.0
5,7
5.?
2,6
4,2
4.9
4,5
7,8
7,L

L4,9
6,5
7,5
7.5
8.4
?.8
3,9
7.9
6,5
4.9
6.1
7.9

LI.5
6.1
8.6
8.1

1
2
)
4
5
6
7
B

9
10
1I
T2
t3
14
r5
L6
t7
1B
L9
20
2L
22
2)
24
25
26
z?
2B
29
30
)L
)2
3)
)4
)5
l6
)7
38
)9
40
41
42
4)
44
45
46
t+Z

48

CuSample No.



r62

Mg

1.8
l_.8
1.0
2,0
0.8
5.0
4.0

12,0
0.8
).o
).4
2,0
0,6
4.0
2,4
2,6
L.6
2,0
t.6
1.0
0.6
2,6
3,4
2.0
r.8
1.8
4.0
2,4
2,4
1.0
rl¿
I.0
5,0
1.4

l.2,0
3,0
0.6
5,0
2,0
t,6
T,2
T,2
1.8
L.2
0.6
1.4
),2
0.8
2,4
5.0

Mn

27 ,4
27 ,4
55,6
4L.5
3 8.1
22.9
40. ]
20,8
3l-,4
6? ,9
)L.5

8,2
68.?
6T ,9
)6,L
45.5
29,0
29,4
54,9
66,?
5? .7
34,L
36 .5
27 ,2
)6,rj2,2
15.3
28,3
2? .5
56.L
54.9
25.5
j.5,3
50.o
13 .0
L6,2
8I.7
20.1
2J,6
L2,7
42,z
24,6
42,2
30.6
87 .7
4]-,6
l-9,7
3 5,9
22,5
20,t+

5,5
9,7
5,5
5.2
?,7
5.8
?.9
6,5
?.)
4,3
6,L
5,0
7.?
o?
?.3
6.7
5,3
?.)
6.?
7.)
8.J
8.0

10. B

9.4
6.0
7.7
5.0
6.)
4.0
5.0
B,)
?,3
8.)
5.9

12.1
B.B
5,5
7,8
?.9

TT,?
6,5
8.1

!0,7
7,5
6,5
8.3
8.8
6,5

15,8
6,5

r+g

50
5r
52
5)
54
55
56
5?
58
59
6o
6T
6z
6)
64
65
66
67
68
69
?0
7L
72
?)
Z4
?5
76
77
?8
79
BO
B1
82
83
B4
B5
B6
8?
88
B9
90
9r
92
9)
94
95
96
97
98

7.n

20,4
))n
25.9
18.3
26.6
2),2
26.B
2J ,5
22,3
27 ,7
20,7
r0. 9
19. 0
29.0
22,5
2L,g
16,3
20,7
2L,t
L9,2
18.8
18. g
26.8
2? .6
24.3
22,3
t7 .7
l).9
13 .8
26,)
28,r
)r.32I,)
zt,6
30,2
?5.5
?6,)
2L.g
2L.6
33,2
22,3
1B. g
29,0
)2,I
)1.)
20,6
25,0
28,r
33.4
24,6

Fe

55.9
L28,9
L28,9

?7 .4
l-r),9
79,8

L)3,0
9L,7
56,0
93,g

101.5
62,6

100. t
zLV,z
?9.9
92.7
72.9
47 ,4
88.1

ll]. 2
70.8

L54,+
L04,3
98,2

111.2
73,3
64,7
89.0
52.3
85,)

I03 .0
5) .5
?3.)
54,84j,z
64.2
7 5.5

L43.6
LLI,2
t+9,o
55.6
58.g
50,6
56,0
8L. B

94.0
56.4
83 .0
62,5
9l+,2

CuSarnple No.



Sample No. Cu Zn

23.7
20,0
)4,L
24.3
22,9
26 .5
2L,)
3t.6
26,7
2),2
L9 ,5
36.6
L9.6
Lg.6
29,9
32,3
L7 ,g
Lg.2
27 .t
24,7
L7.g

163

5.0
5,0
0,6
8.0
0.2
2,0
9,0

I0 .0
4.0
r.0
1.0
).0
5.0
3.4
2.6
4.0
1.0

24.0
7,0
o,6
1.0

Fe

44,o
TLs,4
207 ,5
t56,L
T?? ,6
LL|4,7
LLz,5
110 .6
96.9

L66 ,5
86.9

rt4. I
98.0

L55.4
228,3
L92,4

89 ,5
].J?,)
L55,4
L27 ,8
t24.5

MoMn

]5. B

37 .2
26.L
24.3
)0.7
29.)
L2.9
59,0
6L,9
)),6
26,8
37 ,)
30,4
31.5
r0.2
)? .5
20,4
50,3
64.4
13 .0
2),2

4,2
?.2
9,5
8.3
6.I

IO. B

6,L
9,6

TO.I
4.)
5.4
7.2
8.3
6.I
5.e
7,2
5,O
3,9
6,5
7.2
4,2

99
100
101
L02
103
104
L05
106
t07
108
109
110
111
LL2
113
114
115
116
LV
118
1r9



L64

L9?t+ Soil and Forage Survey

Key to

Sample
No.

I
2
3
4
5
6
?I
9

10
11
L2
L3
1l+
L5
L6
L7
1B
1g
20
2T
22
23
24
25
26
27
28
29
30
3L
32
33
34
35
36
37
38
39
þo
41
t+z
43
4t+
45
46

sample location and description

See.

18

s\'¿4

NWþ

NEl

Rge.
2)

27

?5

2t

Location
Tw-p.

25

?6

26

?5

soils.
Sample

Description
0-6 "
6-24"
6-24"
0-6 "
0-6 "
6-24"
0-6" Field I
6-24"Field I
0-6,' Field 2
6-z4"Fierd Z
0-6" Field l
0-24"Fie1d l
0-6 " Field I
6-24"
0-6" Field 2
6-?4"
0-6" Field I
6-24"
0-6" Flerd z
6-24"Field 2
0-6" Field J
6-z4"Field. l
0-6 "
6-24"
o-6"
0-6" Fietd 2
6-?4"
0-6 " Field 3
0-6" Field 4
6-24
6-24 Fierd 1
0-6 "
6-24"
0-6 "
6-24"
0-6"
6-24"
0-6 "
o-21+"
0-6 "
6-21+"
6-24"
0-6 "
6-24"
6-?4"
0-6"

?7

25

sEl2

NElB

25

25

NEl9

NEI9

NE22

N8

s)5/N26
NE2

NEl1

NE11
NWl
SE8

S2I

s''/f?5

su'l20

s25

SE26
NW26

NE26

26

26

2?

29

2B
25

25

25
25
18

?4

22

2I

26

26
26

26

24

24

24

29

28
26

?6

26
?6
26

23

2t+

24

23

2)
2)

23



16s

Sanple
No.

4?
48
49
50
5L
52
5)
54
55
56
57
58
59
6o
6t
6z
63
6I+
65
66
67
68
69
?o
7L
?2
?)
74

s25
¡lz6
SE26
NWl

Ð5/N26
NE35

sE8
sE30

sþr30
sE30
sE25

sl{2

NElO

SE2

srf-?6

s26

svr5

sI,t/6

s21

s\{15

N21

Rge.

z6
z6
26
25
28
23

Location
Sec. Twp.

Sample
Description
6-24^
6-24"
0-6'
0-6 "
6-24"
6-24"
?4-3o"
0-6"
2440"
0-6" No. 1A
6-24'No. tA
0-6" No. 18
6-24"No. rB
0-6' No. rc
?4-30"
0-6 "
6-24"
0-6,'
6-24"
0-6 "
6-24"
24-)0"
0-6 "
6-24"
0-6 "
6-24"
2440"
0-6 " Center

North
6-24" Center

North
0-6" Center

North
6-24" Center

South
?4-J0" Center

South
0-6"(reto Area)
6_?4 ñ ñ 

'!
24-30" tr rr

0-6" .r ,t

6-24í , n

2l+40" I' rr

0-6 "
6-24"
0-6'
6-?4"
0-6 "
6-24'

26
22

23
2)
2)
26
?8
23

2T

25

25

24

35

35

35

r8
14

14
I¿+
t5

2?

27

22
),
?2

2L

2L

27

28

75

76

?7

78

20

2479
80
8I
B2
83
84
85
86
87
88
89
9o

s26 25

2B

2B

20

20

20

20



SampIe
No.

9L
92
93
9Lt'
95
96
97
9B
99

100
101
LO2
103
r0l+
105
106
LO?
r08
109
110
t_t-1
],L2
r13
114
1r5
116
117
118
119
L20
L2T
L22
l?3
L24
t25
L26
L2?
128
L29
130
131
t)2
L33
Ð4
L35

Sec.
SEI2

'.f-26

T7

N!'r¿t

S9

NE5

SB18

NE16

s\4I36
3)

33

Ni,J3

Nw29
6&?
sE29

Nw27

NE2?
NE27
NE36-

sw34

s\,¡3
NW3 I
NW25

NE6

sE16

Rge.
23

2J

L7
L5

L5

29

29
L9

29

29

Location
TwÞ '
)3

33

)7

37

37

36

36

36

23
27

2B

35

)5
34

)5

35

35

J5

27

27

2?

25

?5

25

L66

Sample
Description
o-6"
6-24"
0-6 "
6-21+"
0-6 "
6-24"
0-6 "
6-rz"
0-6 "
6-L?"
0-6 "
6-24"
0-6 "
6-24"
0-6 "
6-zl+"
0-6 "
0-6 "
6-24"
0-6 "
6-24"
0-6 "
6-24"
0-6 "
0-6'
6-24"
0-6 "
6-24"
0-6"
6-24"
0-6" Rosa, Man.
6 -Zl+ " Ro sa r nian .
0-6 "
6-24"
0-6,
6-24"
0-6 "
0-6 "
6-24"
0-6 "
6-21+"
0-6 "
6-zI+"
0-6'
6-24"

28

?B

5E
59,
?5

26

26
29

27

)
J

36

)5

)5
34

36



L67

SampIe
No.

L36
L)?
138
L39
140
1þ1
L42
L43
144
L45
L46
r47
148
L4g
L50

Location
Sec. Twp..

NE27 36

N!.r5 3?NwI6 J5

NEzo 36

sE23 )6

sw29 )4
NEz 36

NE33 36

SampIe
Deseription
0-6 "
6-24"
0-6 "
0-6,
6-24'
0-6 "
6-24"
0-6 "
6-24"
o-6'n
6-?4"
o-6"
6-24"
0-6 "
6-24"

Rge.

28

27
29

24

24

29

28

2t+
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Soil analyses in parts per million except iron in
percent, dry weight.

Sample No. Cu Fe Mn

1
2
3
4

6
?
I
9

10
11
T2
L3
l4
L5
t6
L7
1B
L9
20
2L
22
2)
24
25
26
27
2B
20

30
)I
)2
3)
J4
)5
36
3?
3B
39
40
41
4z
4l
44
t+5

t.)
L,2
L,5
r.4
r.5
t.7
1.4
T,3
I,5
L,2
2,t
1,5
0,7
o.7
0.7
0,7
L,6
2.9
L,9
3,2
r.4
T,5
0.4
L,2
L,5
T,5
L,5
1.1
0.8
1.0
L,5
0,6
0.6
2,0
2,9
r.9
1.4
2,)
r.5
L,7
I.g
0.8
1.9
2,5
2,7

l-r,7
8.6

1I.7
9.0
7,6
9.0

15,2
15,6
l.5,9
1r.4
2L,4
L9.7
2,8
).5
3,L
).L

19.0
24,?
rl .B
)2,8
l6,2
L6.2
L2.4
t5.9
16 .1
L7 ,4
14.1
?,4

11.1
6.0

20,8
9,7
7,7

L9 ,5
19.I
23 ,5
19.I
24,8
L9 ,5
14.1
13 .I
7.0

20.1
L7,4
l9.l

464.7
4)8.3
Ø4.7
566,L
523.7
?23,9
377 ,4
)65.8
362.0
32? .J
7)9.4
465,9
2L9 .5
238.?
22),3
204.r
?97 .L
4t+6,7
577 ,6
585.)
27? .3
104.0
L2),2
69,j

869.9
)56.+
260,6
206.9
)94.7
L45.6
352.6
229.9
L9L,6

L295,)
4? 52.r

904.4
958.t

LL49,7
850.8
9L9.8
536 .5
)60,2
942.8
666.8
)B).2

0.8 ppm Mo.

Zn

40. I
i5.2
85.2
62,o
55.6
5r,g
5),7
46.1
46.1
35.2
gB. f
5? .4
23.L
2?,2
20.4
L6.7
?2.2
90,7
52,8
88. g
69,4
57 ,4
50. 0

55.6
68,3
55,2
45.2
30.r
)2.L
24.I
56.2
24,L
L5,7

14o. 5
L4) ,5
%.4
48,2

100.4
54.2
7 5.3
6),2
22,L

r03.4
88.3
Bt+.)

Mo#

I.ô

0.8

*No value designates less than



Mo

L69

0.8

0.8

0.8
I,6
T,6
0.8
0.8
0.8
0.8
T,6

11 .6
20,0
24,0

2,4

2.4
I.6
2.4
0.8

ZnMn

572.8
443,0

3L3L.3
614.8
fiv.6
870,6
469.?
527 ,0
BÌ1.5
l.64,2
2?4,9
278.8
L94.?
171. B

336,0
13),7
420,0
84.0

Bog ,5
748,4
52),2
445,8
45? ,4
554.3
562.r
503.9
438,0
457 ,4
3L7 .9
329 .5
399,3
407 ,o
492,j
38.8
rg,t+
L9,4

193 .g
r82.2
r24,o
LL6,3
L70,6
)60 ,5
L4L,?
L92,9
27 5.5

2637.t
L259 ,5
602,z
62L.9
590,4

Cu FeSamp1e No.

L04.5
4z.z
88 .4
35.2
94 ,5
76.4
58.3
)0.2

100.5
13 .8
33 ,2
29,L
L9.3
l-5,6
43.2
12,)
+7 ,7
)5,2
62.3
6).3
?4.4
72.2
47 ,5
69.3
62.)
49 .5
fi.4
55.4
27 .7
29,7
45.5
46 .5
46 .5
68.3
36.6
32,7
? 5.2
54,4
54,4
23,7
L5,2
19. 0
11. r
37 ,5
24.?
73.0
46,4
66,t
47 ,j
49.3

L,7
L,2
2,5
0,7
2.0
1.8
L,7
1,2
2,2
0,5
0,7
0,7
0,6
0,6
l.I
0,7
0,9
0.8
1.4
r.7
L,7
r.7
L,?
T,9
T,9
L,2
r.4
L.)
0,9
0,9
1.0
I.0
1.0
¿{,. B

?.2
7.?
1.1
1,5r.Ì
0.8
0,6
0,5
0.4
L,3
1.1
L,3
T,2
L.2
L,3
L,7

19.0
9,8j.9,)
9,5

23.9
19,)
tg.3
L6 .5
35.L
7,0
9,8
8.4
6.0
5,3
9,5
4,6

14.l
10.5
L3,3
IJ.O
L9,3
L5.9
I7 .3
t6.6
l6.6
13 .8
I) ,5
L6.6
5,9
7.6

10 .4
1r.0
L2.4
4j ,5
64,5
70.0
L3 ,5
11.0
r7 .9
9,0
8.J
g.)
z.l+

12.2
L3.6
L2,5
L2,9
L4,6
Ll+,6
L),2

46
4Z
48
49
50
5r
52
5)
54
55
56
5?
58
59
6o
61
6z
63
64
65
66
6?
6B
69
7o
7L
72
?3
74
75
?6
77
78
?9
BO
81
B2
B)
B4
85
86
B7
88
B9
90
9I
92
93
g4
95



Sample No. Cu

l-4.6
11.5
IT.1
8.0
4.5

L6,7
IB.8
l-5.)
9,0

L2,9
9,0
9,7

!2,5
L4,)
L3,3
7,0

LB ,2
20.3
LL,2
6.6
5,9

22,7
25,2
7,7
?.3
3,5
2,8

L2,6
?,7

16.1
l-5,4
L3.3
L9,6
20,)
8,9
6,)

25.?
29,0
20,7
?L.7
t5.5

?,,6
),9

nhr

586 .5
)66,L
3t4.9
299,L
Ttls,6
46o.5
126.0
5L9,6
169.3
208.6
267 .?
J9),6
L65,)
281. I
L)L.2
rg),0

L304,7
1158.0
549.1
258.6
t?7 ,6
733,4
860. B

509 ,5
540.4
L}l+,2

96 .5
277 ,g
24),2
409,2
3%.7
262,5
795,2
?60.4
458,2
)7 5,6

1014.1
8)7 ,6
627 ,z
458.2
540.8
)7 ,6
45,1

Zn

5? ,2
4I.4
41 .4
22,7
2L,7
86.g
45,4
47 ,3
)u .5
46.4
4L.4
T,5
44.4
26.4
45.0
19,2

LT5.5
1L7,5
)7 ,2
19.0
L6.6

LLu.6
90.1
47 .o
)5.3
L4.3
]0.4
56.8
T,3
7).4
72.54),r

110.6
1r4 .6

54.7
29,9

144.4
t39.3

99,O
89.5
54,7
L2,L
13 .0

170

L,6
0.8
0.8

0.8
r.6
0.8
0.8

2.4
zlt
0.8
0.8

Fe

2,2
I.0
1.1
0.9
1.0
I.B
L.g
t.2
0.9
1.4
L,7
0.9
1.0
1.r
1.0
o,?
?,2
2,9
L,)
0.8
o,?
2,0
2,5
1.0
r.0
0,6
0,5
T,3
I.1
L,5
L.7
T,3
T,7
2,4
r.1
1.0
2,7
2,L
2,3
1.5
I.6
0.6
0,3

Mo

96
97
98
99

100
10I
loz
103
104
105
r06
t07
108
109
tl0
111
112
113
II4
115
I16
LL?
lIB
lrg
l.20
T2I
L22
r2)
r24
l-25
r26
L27
128
t29
130
131
l.32
L3)
D4
t)5
L)6
t)7
138

0.8
0.8



L7L

Sample No.

r)9
140
14r
lþ2
L43
144
t45
r46
L47
148
L4g
r50

Cu

tr.2
L6 .5
7,9
7.2

L3 ,5
11 .8
18. ]
L2,2
7.2
4,6

L6 ,5
20l./

Fe

1.4
2,5
L.6
1.0
L.3
L.)
2.0
2,4
0,9
0.8
2,3
L,3

Mn

469.s
4056.)
522.r
2L4 ,L
405.6
458.2

1209.4
L029,t

424,1+
)fi.L

)868,5
5L8.3

Zn

44.4
95.9
30.9
26,8
60,9
5L,6

LI?,6
80.5
33,0
2? .9

r03.2
36,r

Mo

L.6
0.8
2.4

2,4
a')),.

I,6
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Appendix III
Covariance F-test of adjusted means in a one-way

classification for body weights and serum copper Ievels

of animals surveyed in the l-974 Copper Supplementation

Trials. "X" is defined as the initial body value at the

commencernent of the trials. "Y" is defined as the chanqe

in body value by the termination of the trial period.
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Appendix IIIA
Body weights



Herd I

Y

Y2

n
X

x2
XY

Cow
ontro

9?5
Ll-z,O25

20

2L ,73 5

24 too) ,27 5
966,ooo

Cow

Treatment I
Tota1 )9
Error 38
F ratio = L.)5

1,460
r59,000

20

20,gB5
22,6)) ,97 5
L,4L3, gOo

Total

Calf
Treatment I
Total 39
Error 38
F ratio = 2,4I

L4,062,5
r, oI2 ,290 ,)

998,227,5
NS (P>0"10)

2.435
27L,O25

4o

42 ,? 2o

46,63? ,z5o
2 ,)7 g ,go0

CaIf
Control

6,270
2,OJz,?OO

-g,093 .B

-22O,680. O

-zLL,586.2

10.0
47 ,550 ,0
47 ,540 ,o

NS (p>O,tO)

20

3,110
49B,zSo
g\g ,6 50

Treated
5,B)0

r,72r,650

5,BBo.6
L22 ,7 94 ,t+

116, grJ ,8

220,O

)o t425,0
)0,205,0

20

) '090
509,7o0
9ì.6 ,27 5

To tal
I2, 100

),754,350

Deviation

48, toB.4
4t+,848.2

4, B4o. o

94, loo.0
Bg,26o .o

4o

6,zoo
I,008 ,550
r ,905 .925

)B
)7

1

L9,46? ,5
t9,191 .0

74,686 . o

? 2,065 ,6
2,620.4

TESSION

)B
)7
I

L,947 ,7
2,620 ,4

?4,686 ,5
? o ,06g ,o
4,56) ,5

I.89)
4,563

.B
H
\l



Herd 2

Y

Y2

n

X

x2
XY

Cow

49o

49,6oo
10

B, Bo5

8,033 ,625
470,250

Cow

Treatnent I
Total 2L+

Error 2)
F ratio = ]..IZ

L,07 5

LLO,57 5
r5

12, Blo
LL ,283 ,7 Q0

BB5,zoo

eated TotaI
I,56 5

L6o,r7 5

25

2Lt6L5
L9,3L7 ,)25
L,355,450

Calf
Treatment I
Total 24

Error 2)
F ratio = 2,95

4r2r3 .5
628,996.o
624,782,5

NS (P>o.lo)

CaIf

2, 5+o

7rL,25O
10

1,070
119, B5o

2BO,)25

682,7
L),066,o
12,383 ,)

NS (P>0.10 )

t,604.o
2,)51,o
5,955,0

Treated
4,030

1,109,850
L5

r,445
L46,225

)gJ ,6 50

J ,082,7
6z,zo6 .o
59,L23 .0

_g)8,7
L),O)3 .O

L3 ,97L,7

6,5?0
I , 821, 100

otal

Deviation

L,29O.7
94,504.0
9),2r).3

B.B

56.8

25

2r5L5
266 ,O? 5

67) ,9? 5

2)
22

1

13 , 000.1
15,763 ,B

62,t9?.2
59,066,5
3,L)o,7

2)
22

I

2,684 ,B

),L)0,7

8L,50) ,g
?7 ,449 .5
4,o54,4

) ,52O ,4
4,o54,4 H{(¡



Herd J

Y

Y2

n
X

N2

XY

Cow

r,845
27L,L25

lll
L4,)95

L4,894,57 5

1, 87 g ,600

llreated

Cow

Treatment 1

Total 27

Emor 26

F ratio = 0,65

2,LLs
355,87 5

Iþ
L),625

L3 ,39t,525
? r062,4oo

Total
3,960

6z? ,ooo
2B

28,O2o
28,?86, loo
3 ,942,000

9aIf
Treatment I
Total 2?

Error 26

F ratio = 0.00

2L,L7 5,O
?46 ,o85,7
221+,gLO,?

NS (p>O.rO)

CaIf
Control

5,r20
L,894,350

r4
2 t225

)6),025
82L,200

-7 ,425.0
-20,828.6
-L),4W .6

289.3
62,585,7
62,296 ,4

NS (P>o.ro)

reated

2,603 ,6
66 ,942.9
64 Ji9 ,j

r, BB5 ,925
I4

2rL)5
3?8,4? 5
79L,4?5

5,07 5

r44.6
25,Lr? .g
24,97) ,)

Total
L0,Lg5

),780,275

L,762,9
798.8

72.)
68 , zoz .?
68,t3o ,4

28

4 36o
?+L,500

r,6L2.625

26

25

I

1o, oBo .7

I0,011.3

65,180.0
6),540 .5

L,6Jg , 5

resslon

26

25

I

2,54r.6
L,6)9 ,5

58,r22,0
58,1r9. I

)oÉ. /
2,)24 ,8

)o*t./ H{
o\



Herd 4

Y

Y2

n

x
x2
XY

Cow

6ls
7 5,L7 5

6

5,495
5, oBt ,zZ 5

585,650

Variation
Cow

Treatment I
Total 1I
Error 10

F ratio = 1,20

47o
45,550

d

6

5,4L5
4,895,1+25

420,67 5

1,105
I20,725

T2

I0,910
g,976 ,700
I, 006 J25

CaI!
Treatment I
Total l-I
Error I0
F ratio = 2,O5

I

533.)
57 ,69L.7
57 ,r58.4

NS (P>0.10)

Calf
Control

I,280
28L,7 00

7 5,0
L7 ,066,7
L6,ggr.?

NS (r>0. rO ¡

I, I00.0
L,695 ,B

595,8

6

r, oB5

20? ,4? 5
23?,325

Treated
I,)85

324,525

2,268.8
LB ,g? 2 .g
L6 ,7 04.1

6

I, rI5
2I2,925
258,77 5

262.5
,5l.6 .7
,254,2

7

?

Total

Deviation

2,66 5
6o6,zz5

9L8,7
14 ,)7 2 .g
r2, r04. I

49.8
6.2

T2

2,200
4zo,4oo
496,too

10

9

I

regression

)
)

rB,92) ,L
l6,697 ,9

2 ,225 .2

,3ro,6
,097 ,0

l0
9

I

L,855.)
2 ,225 ,2

LL,062,)
9,007 ,r
2,055 ,2

I,000.
2,055 ,

B

2
H{{



Herd 5

Y

v2
n
x
x2
XY

Cow
ontrol

765
Lo? ,97 5

L)
14,140

L5 ,6t+t,6 50

7Bo,725

765
L02,625

TJ

r4'16o
15 ,608 ,4oo

83 5 ,850

Cow

Treatment Ì
Total 25

Error 24

F ratio = 0.00

re ted Tot
L,530

2Io,600
26

28,)OO

)L,250,050
L,6L6 ,57 5

CaIf
Treatment
Total
Error
F ratio =

L5.4
446 ,588.5
446 ,5?) .r

NS (e>O. rO ¡

Calf
Control

1 508,7
25 2L,4)7,2
24 20 ,928.5

0,59 NS (P>0.10)

),685
L,055 

'97 5
L)

r,550
Lgo,650
445 

'B? 5

0.0
-48, ??r,2
-48,77r,2

Treated
3,6)0

L,O22 rg50
I)

L,43 5

160,525
403,goo

0.0
L20,565.4
L20 ,565 ,4

24)
25,99)
25.7 50

,)
.5

2

Total
7 ,)I5

2 ,07 B ,925
26

2,985
) 5r,L7 5
B4g ,77 5

5,)26
5,326

116 .

20,877 .

20,76L,

.2
,4

)
9

6

24 LLs,23g ,2
2) LL5,2Jg ,O

r 0,2

)L,5L8.2
)L,682.8

ession

24 -lo,64o.l
23 -LO ,92L.2
L 280.9

5, olo .4
o.2

-4?4.8
280.9 {

@



Herd 6

Y

Y2

n
X

N2

XY

Cow
ontrol

3,o9o
338,950

L5
L4,23O

L3,7L),7oo
L,926 ,O7 5

Treated
L,67o

252,850
L5

14, 13 0

r) ,666 J50
r ,4gB ,450

Cow

Treatment I
Total 29

Error 28

F ratio = 2.09

Total-

Calf
Treatment 1

Total 29

Error 28

F ratio = 2,69

),760
59r, Boo

30
28,360

,J80,050
,424.525

)3,)
570,)96 ,7
570,063.4

NS (p>0. tO )

27

3

Calf
Control

5,045
1,7r8 ,57 5

L5

1,890
24? ,? 50

644,95o

1,l}oo.o
-I29,928.)
-111 ,328,)

2rO83,3
25,536 .7
2),45) ,4

NS (P>0.10)

Treated
4,960

L,6?3, 050

L5

2 'T40
)T9,Lso
7 2I ,025

5,880.0
L20 ,5t+6 ,?
144, 666 .7

-?08.)
2L,9?o.o
22 t678,)

I0,005
) Jgr,625

tal

29,595.8
30,254,?

240,8

54,957 ,5
54,7L6 ,7

30
4,030

566,900
LJ65,9? 5

SSr

28

27

I

rB, got . 5

2r,g2B,B

90,950 ,g
84,412 . 0

6 ,5)B,g

esston

MSr

2B

27

t

)
6

,L26,4
,5)B .g

)6,o56.0
3?,78? ,9
3,268.r

r,2]-4 .4
),268,r

H{
\o



Herd 7

Y

Y2

n
X

x?
XY

Cow
Control

-2,27 5
628,Lzs

L)
L),920

L5,O3l,100
-2,564 ,825

Variation

Treated
-2 t42o

576 '45o
L3

I) 
' 595

14,)56,57 5

-2,623 ,525

Cow

Treat¡nent 1

Total 25

Error 2l+

F ratio = 0.BB

Total
-t+,695

r,204,57 5
26

27 ,5l.5
29,)87 ,6? 5

-5,lBB ,350

CaIf
Treatment I
Total 25

Error 24

F ratio = 0.15

+ ,062 ,5
269,397 .L
26 5,334,6

NS (e>O.ro¡

Calf
Control

2,9J0
67),600

L)
r,67 0

224,goo

379,475

T,BT2,5
-2L9,776.0
-22L,588.5

3 ,L24.O
26,)L6,)
2) 'L92 ')

NS (P>0. ro )

Treated

BoB.7

) 56 ,7 66 ,3 L? 9 ,294 ,8
355,957.6 LB5,o54.g

3 ,4to
906,450

L3

L,955

)06,825
517,100

B,86I.5
L2,632,?
),77r.2

Total
6 ¡4o

I,580,050
26

),625
5)L,? 25

896 ,5? 5

Deviation

5,?6L.5
3+,06 5 .4
28,BO3,g

24 L77,4?L,5
23 L7 O ,902 .7
1 6 ,568.8

6,o64.t
6tJ.z

24

23

I

7

6

,4)0.6
,569 .B

28, 001 . J

28,19o ,7
_r89 .4

L,225.7
-189.4

H
co
O



Herd B

Y

Y2

n

X

x2
XY

Cow

-70
14, 85o

Lþ

) 'B5o
) ,770 '+50

-96,450

Variation
coy
Treatment
Total
Error
F ratio =

220

L2,L50
)

2,6? 5

2,3Bg ,825
Lgg,250

I
6

5

II.9

Total

Calf
Treatment 1

Tota} 6

Error 5

F ratio 4 J4

r50
)6,ooo

7

6 ,525
6 ,L60,2? 5

102,800

-84,9?o ,2
7 B ,0t+2 .9

163,olJ.r
+r(p<0.I0)

Calf
Control

r,100
)06,L5o

) ,4?L,4
2L,07L,4
L7 ,600. o

NS (P>0.10)

-I2,L}L,2
-3? ,OzL,4
49,L22,6

4

óBo

L25 ,6 50
L92,O25

Treated
605

L24,525

3

)?5
54,t+25

?4,225

14,144.0
)2,7 85 .7
t8,64L.7

5,657,L
g,2B2,L

) ,625.O

Total

Deviation

L,? 05

vjo,6? 5

L7 ,56r.9
L4,BO2.?

9,2L9.O
15,385,7
6,t66,7

7

L,055
I80,075
266,250

5

4

I

4, oBB. B

?46 ,6

l.5,22) ,B
3,839 .o g5g ,B

It, I 84. B 11,3 84. B

ession

5

4

I

Lr,296
5,42o
5,8?6

o

.t L,355.
5,876 ,

0

B

H
Co



Herd 9

Y

Y2

n

X

x2

XY

Cow

2,530
I+96,?oo

28

25,?LO
24,682,3oo
2 tOB5,g25

Variation df

Treated

Cow

Treatment I
Total 55

Error 54
F ratio = 2,25

J ,000
615, roo

2B

28,325
29,46? ,925
2,8)2,goo

Total
5,530

r,11r,8oo

L22 ,LLL ,2
2,0Ìl ,2?4,6
r, BBg ,L6) .4
NS (P>0.10)

56

54,O35
54 ,t5O ,225
4,9lB ,Bz5

CaIf
Control

?L,947.3
J+v ,LJL,)
-4lg,o?8,6

Treated

3,944.6
565,?t2,5 86,sl,r.6
56r,?6? .9 LOz,O50 ,5

Red.

Total

viation
df

from

SST MST

54

5)
1

4?9,200,9
459,?r? ,4
Lg t4B3 ,5

re ess]-0n

B,67)
l.9,483

oa/

.5

Oo
N)



Herd 10

Y

Y2

n
X

x2

XY

Cow
Control

2L+5

L7 ,+25
4

3,925
3,967 ,L25

2)4,800

Trea

Cow

Treatment
TotaI
Error
F ratio =

3L5
39,87 5

4

),485
3,073,L25

25? ,825

ed

1

7

6

0.00

otaL

CaIf
Treatment
Total
Error
F ratio =

560

57,)00
B

7,uLO
7 ,040,25O

492,625

2+,200 ,O
176,73? .5
r52,5)7 ,5

NS (P>0.10)

CaIf
Control

I
7

6

0.20

585
89,77 5

4

720
I29, 800

L05,7 50

-) ,B50.o
-26 ,07 5.0
-22.2?5,0

50.0
2,950,0
2,goo.0

NS (P>0.10 )

Treated
640

lL},25O
4

7+o

ug,6oo
r]6 , goo

6t2.5
1B,100.0
17 ,487 ,5

L)?.5
-9L2,5

-1,050.0

Total

Deviation

L t225
2OO tO25

B

r,460
269,40o
222 ,6 50

)
3

378,t
L2,446 ,g
l_2,068.8

,847 .O

,238,2
6

5

I

14 ,253 . O

L4,249,)
1a).1

282,)
)80.2

ESSION

6

I

2,849 ,9

),7

L2,164,6
1r,6 BB .6

476.o
2,3)7 .7

4?6.0
H
æ
(¡J



Herd 11

Sum

Y

Y2

n
X

x2
XY

Cow
Control

1,460
198,200

L3

L2 ,L6 5
LL,555,525
Lô24,5?5

Treated

Cow

Treatment I
Total 2J

Error 22

F ratio = 0.26

1,090
L5) ,7 50

11

l-o,)55
9 ,874,525
Lt02?,575

Total
2,550

) 5L ,950
24

22,520
2I 

'I+)0 ' 
050

2 ,) 52, 150

Calf
Treatment 1

Tota1 2)
Error 22

F ratio = z.Lj

186 .4
2gB,?B) ,)
?gB,596 .g

NS (P>o.ro)

Calf
Control

4, r80
L,) 5t+, o5o

L)
L,g? 5

)l-0,37 5

635,050

-440.6
-þo,6oo.o
-40, L5g ,4

5,7)L,L
2r,048.6
15,)L7 ,5

NS (P>0.10)

Treated
3,7)0

L,282 r45O

11

L,)30
16 5, BoO

454,67 5

1,040. B

81, or2 .5
79,97r.?

t ,2+) ,5
452.L

),695,6

Total
7,9L0

2,6)6 ,5OO

24

3,)05
4?6 ,r? s

I,089 ,725

Deviation

5,5L6 .9
5,40r,2

L,835 .7
29,495 .B
27 ,660.L

22

2L

1

7 5,495 .6
?4,57 0 .5

925,L

9.7
89L.6

sslon

22

2L

I

) ,55L.0
925.r

29,t+86 .L
26 ,?68.5
2,7L7 .6

r,274 ,7
2,?17 ,6

ts
Oo
F.



Herd 1,2

Y

Y2

n
X

x2
XY

Cow

r r2L5
L69,725

l0
LO,5)5

LL,25B r2? 5
r.29L,7oO

1,285
L7O,8?5

I1
11,1r0

11 ,3 21 , r00
L,297 ,925

Cow

Treatment 1

Total 20

Error L9

F ratio = 0.Oz

ted Total
2,500

)4o,6oo
2L

2L,645
22,579,)7 5

2,589 ,625

Calf
Treatment t
Total 20

Error L9

F ratio = 0. Il

9,91I. 8

269,564.)
259 ,6 52 .5

NS (P>o.lo)

Calf
Control

SSx

2, Bl_0

816 , o5o

10

r,250
16),)oo
356.950

910. I
l6,L2),8
L5,2L3 .7

NS (P>0.10)

r,066.B
12,B)9 ,)
rr,772,5

Treated
3 ,110

BBB,5oo

t1
I,520

zLB,2OO

4)) ,525

114,8
4z,9Br . o

42,866 ,z

TLg.J
g ,598 .B
g ,4?g .5

Total
5,9?O

r,? 04,55O
2L

2,7?0

J 81,500
79o,47 5

Deviation

ú.6
)5.67).8
J5,658.2

6LL,5

fi1.8

df SSr

L9

1B

I

5,?L4,)
5 '906 ,6

re

42,)69 .5
4z,332,4

)7.t

re s slon

19

I8
I

2,)5r,8
)7 .t

29,g59 .5
29 ,7 5r,6

207 ,g
L,652,9

207 .9 Co
Ltl



Herd Lj

Y

v2
n

X

x2
XY

Cow

2,4? 0

655,850
10

B,Lg5
6 ,9L4,525
L,97L,)25

oI Treated

Cow

Treatment I
Total L9

Error 18

F ratio = 0.00

2,2)O
52o,j-oo

10
g t2oo

B, 5)9 û 50
2 ,03 5 ,600

4,7OO

L,r7 5,950

CaIf
Treatment I
Total L9

Error fB
F ratio = O,37

taI

50 ,50r.3
324,5?) ,B
??4 )072,5

NS (P>0.10)

20

L7 ,)95
L5,45) ,87 5
4,006 ,925

CaIf
Control

),235
r,057,525

-L2 r 060.0
-80, 900 .0

-68, B4o. o

405.0
L) ,)95,o
L2,99O.0

NS (P>0.10)

10

1,200
L4g,6oo

)95,050

Treated
) t24O

r,056,950

2, B8o. o

?L,450.O
68,5?o,o

IO

L,2gO
r73,Boo
4zt,5oo

22.5
IO ,4L?.5
I0,390.0

Total
6.4?5

2,rlu,4? 5

Deviation

20,164,)
L7 ,290.8

I.)
18,193 . 8

LB,L92,5

20

2,490
32),40o
8]-5 ,550

rB
L7

I

B,og4.I
I,3Ì0.4

5L,285 ,7

5r,279 ,2
6.5

ression

IB
L7

1

),0I() ,4
6.5

L0,099 ,7
9,BB2,L

2r7 .6
58r.)
2L? ,6

Co
c¡\



Herd lll

Sum

Y

Y2

n
X

x2

XY

Cow
Control

1,280
2L6,t+5O

8

7,970
B,og7 ,7 50
Lr2?8r525

Treated

Cow

Treatment 1

Total 15

Error 14

F ratio = l. BB

L,550
3 rI ,4o0

I
7 ,L95

6 , Bll ,L25
L,)65,7OO

Total
2,830

527 .B5O

L6

L5,L65
14,908,875
2,644,225

Calf
Treatment 1

Tota1 15

Error 14

F ratio = 0.03

3? ,5)9 ,L
5) 5 ,298 ,4
49? ,7 59 .3

NS (P>o.lo)

Calf
Control

2,725
9)6 ,07 5

B

I,2I0
l-86 ,550
4t3,zoo

-r) ,078.1
-38,084.4
-25,006 ,)

56,)
2L,34),8
2L,28?.5

NS (P>o.ro)

Treated
2,7 05

g)t, 57 5

I
L,24O

209,950
424 325

4,556 ,)
27 ,293.8
22.737 ,5

-37,5
6,056 .j
6,09) .B

Total
5,430

1,867,650
16

2,450
396 ,500
B)7,525

Deviation

2,709,6
L,256.3

25.0
24,84) ,8
24, 81B. B

r4
D
I

T,?LB ,5
L,744 ,4

24,584.2
2r,uBL.?
3,r0) .o

ess10n

I4
13

I

r,6 52 ,4
),ro) .o

2) ,125,)
23,0?4.4

-50,9
L,77 5 ,0

-50.9
P
Oo
!



Herd 15

Su

Y

Y2

n

x
x2

XY

Co
Cow

L 'L25
l.LL,o? 5

l0
9,260

B ,7)4 ,6 50

l, 021_,600

ro] Treated

Cow

Treatment I
Total t9
Error 18

F ratio = 0.06

L,095
L)5,375

10

9,L90
B,Btl,6oo

96),200

Total
2,22O

276,450
20

tB ,450
L7 ,546 ,250
I, g84, Boo

Calf
Treatment 1

Total L9

Error 18

F ratio = 0.00

245.o

526 ,L25.0
525,BBo,o

NS (p>O.rO)

CaIf
Control

2,180
485,4oo

10

L,825
)53,275
t+ol ,?25

105.0
-6) , r5o. o
-63 .255,o

) ì920.0
5L,205,0
4? ,285.O

NS (P>o.lo)

reated
2,L45

I+? 2,4? 5

10

L,545
265,??5

3)r,850

45.0

J0,030.0
29,gB5.o

490. o

,8L2.5
,)22.5

6

6

Total
4,J25

957 ,87 5

Deviat

7,579.8
7 ,608,6

fi.)
22, 59) ,B
22,5)2,5

20

) .]70
6t9,o5o
7) 5,57 5

I8
17

I

22 t450 ,2
22,376 ,4

7J .8

ga6 ,4
845.4

ress].0n

IB
L7

I

L,)16 ,)
73,8

2L,687 ,4
2L,687 . r

o.)
L,27 5 ,7

O,J
H
Oo
co



Herd L5

Y

Y2

n
X

N2

XY

Yearlings
Control

780
r5t+,950

4

2,485
L,564,97 5

4BB ,225

Treated

riation
Yearl ing
Treatment I
Total B

Error 7

F ratio = 0,67

1,015
207 ,225

5

2, BBo

L,662,950
584,57 5

TotaI
r,?95

J62,L7 5

9

5,365
,227.925
,072, Boo

4,550 .L
?9,? BB.9
25 ,238 .8

NS (P>0.10)

)
1

ontrol

-804.4
2,?80 ,6

3 ,585.0

re ted

L42.2
4,L72,2
4,o3o.o

Red.

Total

Deviation

259.6

509,2

df

from

7

6

I

re

3,9r2
) ,520

39t

re sslon

A

o

.B
586

)9r
B

B

Co
\o



Herd L6

Y

Y2

n
X

x2

XY

Cow
Control

770
93 ,000

7

6 ,6t+5

6 ')9),925
716,700

Cow

Treatment I
Total L)
Error Lz

F ratio = Z,LB

6zo
6z,Lso

7

6,6t5
6 ,J29,525

566,850

L,)9o
155,L50

I4
l-3,260

L2,72) ,450
r ,28) , 550

otal

Calf
Treatment I
Total L)
Error 12

F ratio = 0.08

64.j
164,))5,?
L6l+,271.4

NS (P>o.ro)

CaIf
Control

2,250
729,LOO

?

L,)55
2?9,97 5

4)j,ooo

)2r.4
'32,978.6
-)3,300.0

7 ,087 ,5
)L,7 58 ,9
24 '671-.4

NS (P>o.ro)

Treated
2,095

647 ,r25
7

1,040
16r,5oo
32r,6? 5

L,607,r
17 ,r42,9
L5,5)5.8

) ,48? .5
LL,)69,6

? ,BB2,L

Tot
4,)45

L,376 ,225
I4

2,395
44r,47 5

7 54,6? 5

Deviation

6,6r8.1
6,? 50,4

L,7L6,L
27 ,7 2) ,2
26,007 .r

L2

11

I

4,
L¡

Lo,524 .B
B,?85,4
r,?)9.4

07o.)
5L8.2

e s s10n

I2
l_1

t

798.7
L,?)g .4

2),652.9
2) ,4BB,g

164. o

2,r)5.4
164.0 \o

O



Herd 17

Y

Y2

n
X

x2
XY

Cow

6zo

52,300
9

8,020

7 ,49),900
5O3,2OO

Cow

Treatment I
Total 20

Error L9

F ratio = 4.2O

eated
fi5

52,77 5

L2

9,7L5
7 ,956 ,47 5

4:'4 Jz5

TotaI
L,L55

l-O5,07 5
2L

L7 ,?)5
L5,Ltso,3? 5

9L7 ,525

CaIf
Treatment I
Total 20

Error L9

F ratio = L,66

)4,rB) ,4
47 z,?45 ,z
4)8,56L.8

.*(p<0.10)

Calf
Control

r ,6Io
296 ,? 50

9

2,030
5r0 ,6 50

)? 0 ,)oo

I0,191 . 0

-57 ,900,0
-68,091.0

32,686 . r
101,300.0
68,6r) .9

NS (P>0.10)

Treated
I,6Bo

245,550
L2

l-r?50
27r,O50
254,OOO

3,0)8,2
4t,550 ,o

38,511.8

L5,944,4
32,100.0
16 ,L55,6

taI

7 ,09L,4
LO,5?L,B

3 '290
542 3oo

7 ,777 .B
26,866 ,?
lg, oB8. g

2L

),?80
7BI,700
624 Joo

L9

r8
I

r0,17t.9
),80J ,g

)4,458,6
27,940,o

6 ,5r8,6

esslon

L9

rB

I

I
6

,552,2
,5T8,6

i6,694,8
L5,285,0
t,40g. B

849,2
r ,4og. B

H
\o
H



Herd IB

Y

Y2

n
X

N2

XY

Cow
Control

I, t9o
2oo,450

8

7,1+65

? ,067 .)25
1,081 ,7OO

Cow

Treatment 1

Total L5

Error I¿l

F ratio = 0. l0

Lr2O5
L85,77 5

I
7 ,760

7 ,643 ' 550
L,t67,625

eated
2.395

)86,225
L6

L5,225
t4,7to ,B? 5

2 tzt+g,325

CaIf
Treatment I
Total 15

Error I4
F ratio = 0.28

ot

5,4)9,L
22) ,3) 5 ,9
2L7 ,896.B

NS (P>o.ro)

Calf
ontrol

2,L)0
586,B5O

B

9)5
rL),825
252,0OO

276,6

-29,66? .z
-2g,gtÐ .B

)5L,6
8,BB5.g
8,534.)

NS (r>O.ro¡

reâ
2,265

650,025
B

1,010
L)L,5OO
287 ,200

14.1
27 ,?Ð ,t+

27 
'7 

09 ,)

6jz,B
4,9)2,8
4,3oo.o

Total
4,)95

r,2)6 ,B? 5

Deviation

) ,940.9
4, tt4.9

1'lJ9.I
29,623,4
28,484 .3

t6
r,045

245,)25
5)9,2oo

14

L)
1

2,7)8 ,)
2,L66,6

23 ,782.5
2) ,594 ,t+

188.1

ess]-0n

I4
L3

I

1, 815

lBB

26 ,885,r
26,)V ,?

567 .4

.0

.1

2,O24 ,4
567 ,4

\o
N)



Herd 19

Sum

Y

Y2

n
X

x2

XY

Cow
Control

0

10, B5o

3

) 'O?0
) ,L68,450

L? ,025

Variation

Treated

Cow

Treatment 1

Total Il
Error 10

Fratio=f.4B

5L5

76 ,L7 5

9

7 ,600
6 ,500,950

4)i ,o? 5

Total

CaIf
Treatment I
Total 11

Error 10

F ratio = O34

515
87 ,025

L2

LO,6?o
g ,669 ,4oo

450, loo

? 2,OO2 ,8
tBl, ggl .7
109, gBB.g

NS (P>o.ro

Calf
Control

6?5

L55,925

3

525

92 ')25
LL6 ,77 5

-2),O)L.9
-7 ,B2o,B
L5,zLT,L

4,Lr7 ,4
6,722,9
2,605 ,5

NS (e>0.10¡

Treated
2, 100

5O2,B50

9

1,190
L59 ,500
2BO,L25

7 Õ67 ,4
64,92?.9
57 ,555,5

-802. I
)06.3

1rlo8.4

Red.

Total

Deviation

2,77 5

6 58,?? 5
L2

L,715
25r,825
)96,900

))6
2,LO)

156.3
L7 ,056,)
t6 , goo. o

df

.1

.6

from

SSr

IO

9

t

64,586 ,B
55,45L,9
9,r)4,9

re

r4.0
47r.5

ressron

MSr

10

9

I

6 ,L6T,)
9,L34,9

r7 ,042 .)
L6 ,428.5

613.8
r,925.4

6l: .a
H
\o
(¡)



Herd 20

Y

Y2

n
X

x2
XÏ

Cow
ntrol

760
BB,150

7

6,855
6 ,Bz4,zz5

737 ,LO}

Cow

Treatment 1

Total I4
Error L)
F ratio = o.4o

760

90 ,? 0o

B

7,755
T ,6o6,T25

?27,B0O

iation df

eated
L,520

I7B,B50
L5

t4,6Io
L4,4)o ,g5o
r,464, 9oo

otal

CaIf
Treatment I
Total 14

Error Lj
F ratio = L.)6

)66.?
200, 810.0
2oo,443 ,)

NS (P>o.to)

CaIf
ntrol

L,86 5

504,425

502,L
-15,580.0
-16 ,082. r

0.5
)B,Bg).)
)8,892.8

NS (P>o.ro)

7

L,455
326 ,)7 5

)95,67 5

Treated
2,)30

6gj ,5oo

687 .6
24,82) ,)
24,T35.?

B

L,660
359,400
4B4,Joo

43.L
B,BrJ.J
I,846 .4

Red.

Total
4,r95

L,r97,925

Deviation

r,
r,

2,)O0,L
24,72) ,)
22,42) ,2

2OB. B

290,)

df

L5

),tt5
685,?? 5

B?9,975

from

I)
t2
I

re

I,997,7
2t0L2,2

2) ,614,5
22,8t+5 .4

769.L

ress].0n

MSr

n
L2

I

1,goJ.B
769.t

22 ,7 26 ,2
20,411 . 0

2,)l-5,2
L,?0O ,9
2,)r5.2 \o



Herd 2l

Y

Y2

n
X

x2
XY

Cow

2,070
4z5,o50

11

LZ '690
r4,870,850
2,321,050

2 Jvo
5)),300

1t
LL,645

L2,!'t+B,025
2,+25,625

Cow

Treatment I
Total 2L

Error 20

F ratio = 0.17

4,4.Io
g58,350

22

2t+ ûJ5
27 ûLB,87 5

4,746 ,6? 5

Calf
Treatment I
Total ?L

Error 20

F ratio = L76

49,6)7 ,5
40t, 046 .6

) 5r,4og. I
NS (e>O.rO¡

Calf
Control

3'B4o
r,362,goo

11

1,600
24? ,8oo
564,4?5

-L?,825,0
-1lr ,)86,t+
-1rB ,56L,4

T,9TO,2
27 ,023.9
25,LL3 .7

NS (P<0.10)

3,495
1,IJ7,725

II
1,805

306,225
57 5,925

3,)I).6
?4 ,345 .5
7L,o)L,9

),2I4,8
5,O92.0
L,877 ,2

Total
7 ,335

2,500,625

43,o43.3
40, oor . J

5,4L0 .2
55,069 .)
49 ,6 5g .t

22

),405
55t+,o25

r,140 û50

20

r9
I

)L,302.2
3L,O3o .6

27L.6

959 .5
r+o,3

ession

20

L9

1

L,6)).2
27L.6

54,r09 ,B
4g,518. B

4'59L,0
2,606 .)
4,59t.0

H
\o
L¡



Herd 22

Y

Y2

n
X

x.2

XY

Cow
Control

I,000
L3B 

'? 50

9

B,4Bo
B, OI4, BOO

94),850

Treated

Cow

Treatment 1

Tota1 L7

Error L6

F ratio = 0.00

1,000
rlB,6oo

9

8,825
8,711 ,27 5

g? 5,)25

Tot

Calf
Treatment
Total
Error
F ratio =

2,000
257,)50

r8
17 ,)05

,7 26 ,0? 5

,9L9 ,L7 5

6,6t2.5
89,zt+o .)
82,627,8

NS (P>0.10)

L6

l

Calf
Control

I
v
L6

-0.4?

2,795
890,625

9

L,T95
L79,4? 5

)B? ,6 50

0

-),602.8
-3 ,602,8

450,0

)6 ,6ll. t
36 ,r6L.L

NS (P>0. r0 )

Treated
2,985

1,003,?25
9

r,285
LgB,B25
433,o50

0

) 5,L27 ,B

35,L27 ,B

950.0
)8,)27 ,B
)? ,)77 .B

Red.

TotaI
5,?BO

r,B94,J50
rB

2,480
)78,)00
820,700

Deviat

2r005.6
z4 ¡44 .4
22,338.8

145,5
L57,L

from re

I6
L5

I

40,rz5,o
)8 ,6) 5 ,4

3t+,982,)
34 ,9? O ,?

11 .6

ressr_on

Sr

16

r5

2,))L,4
11.6

-L5,7BO .6

-16 , 296 ,6 -1, 086 .4 ts
\o
c'\



Herd 2l
Cow

Sum Control
Y

Y2

n
X

N2

XY

4,)70
l,o19 .350

T9

L7 ,sLO
L6 ,)24,650
l+,oL? ,925

Variation df

Treated
4,570

L,06?, too
20

L8,695
L7,706,575
l+,z? 5,67 5

Cow

Treatment I
Total )B
Error )7
F ratio = 0.02

Total
8,940

2,086,450
39

)6,2O5
34,0)L,?25

8 ,29),6 o0

Calf
Treatment 1

Total )B
Error )7
F ratio = 0. 82

L,690 ,3

42o,9L6.7
4L9,)o? ,4

NS (P>o.ro)

Calf
Control

5,B2O
I, Bl2 r loo

L9

2,Bgo
45t, too
892,2O0

SSx

14, 17 0 ,0

) 5,485 ,9
2l-,)L5.9

NS (p>O.ro)

-L92,5
-5,7 00.0
-5,507,5

Treated Total
5 ,640 1r ,46 0

r ,6 oB ,45o 3 ,4zo , S5o
?0 )9

) ,L50 5,995
505,925 95? ,025
B86 , 150 L,77 B ,3 50

2L.g

J? ,L26,9
37 tL05,o

Lr,g44 ,g
L6,742.)
4,?9?.4

Red.

viation from re

5,76r,O
5),0?3,L
4? ûrz.r

77 .2
72,)

df SSr

)7
)6

1

? ,899,O
L,079 .7

)7 ,049,7
)7 ,O)2,7

17 .0

res

MST

10n

37

)6
I

L,o2B,7
17 .0

45,L?4.t
46,z3z.4 r,zB4,z
-L,O58 ,3 -r, o 58 ,3

H
\o{



Herd 2L+

Y

T2

n
X

x2

XY

Cow
Control

L,3L5
2L9,5? 5

B

9,t+45
1r,JL5,625
r,5J),600

Cow

Treatment
Total
Error
F ratio =

I, oB5

Lgr,625
7

B'370
L0,I59,900
L,260 ,550

eated

I B5o. o

14 )r?,243.)
L) 3L6,)9J.)

o.L2 NS (P>0.10)

CaIf
Treatment I
Total 14

Error L)
F ratio = 2,99

aI
2,4OO

4II, zoo

L5

T7 ,BLs
2L,47 5 , 525
2,?94,LsO

CaIf
Control

2,460
767,t+00

-528,I
-56,250,0
-55 '7 

2L ,9

L,728,6
2),O43,)
2L,)L4.7

NS (P>0.10)

B

L,L65
L7),925
)62,LsO

Treated
2,4L5

B3B.g25

)28,7
2? ,2OO.O
26 ,B?L,9

)
6

)

7

r, l?0
2L2,6OQ

4o3,oz5

,oI2,5
,J00.0
,287,5

Total
4,8? 5

L,606,325

Deviation

9,9?3 .6

9,8l-3 .5

5,250.0
2,r,950 .0
16 ,700 . 0

L5

2,))5
)86 ,525
76 5,L7 5

r3
L2

1

L,722,4
507 ,L

17 ,226,4
L7 ,058,4

168.0

ress]-0n

L)
T2

t

L,42r ,5
16 8.0

20,227 .6
L6 ,r92,9
4,0)4,7

L,)49.4
4,oJi+,? ts

\o
@



Herd 24

Yearlings

Y

Y2

n
X

x2

XY

950
232 tLOO

4

2,735
L,87 5,025

648, Boo

Variation
Yearlings
Treatment I
Total I
Error 7

F ratio = 0.05

1,150
269,B5o

5

)'650
2,6BL,5OO

B)3,450

df

2, I00
50L,950

9

6 JBs
4,556 ,525
l,482 ,250

4,7 53 ,5
26 ,72?,2
2L,968,7

NS (P>o.to)

-770,9
-7 ,583 ,3
-6 ,8L2,5

L25.o
Il, 950.0
11, 825 ,0

Red

Deviation

2 rI52.O
2,LLz.6

df

from

7

6

I

re

9,798.0
9,7L2,4

85.6

resston

MSr

r,618.7
85,6

H
\o



Herd 25

Y

y2

n
X

x?
XY

Cow

6zo

78,000
5

5 't+Bo
6 ,118, 800

6?B,Boo

rol

Variati
Cow

Treatment
Total
Error
F ratio =

L'445
366 ,07 5

6

5,9O0
5,826 ,r5O
l,419 ,625

eated

I
10

9

L2.06

2,065
44t+,0? 5

1I
11 ,3 80

Lr,g44,g50
2,098,425

CaIf
Treatment
Total
Error
F ratio =

ot

)4,6L9 .4
L?Lt822.7
L)7 ,20),3

+ (p<0.01 )

Calf
Control

I
10

9

10.38

L,B3 5

6?9,L25
5

785
L?B,B25
292,2o0

45,899 ,7
-)7 ,9LL,4

-?. roLL ,7

950.)
L),)L),6
L2 û6) ,)

** (p<0 .oZ5)

eated
2 ,250

867 ,7 oo

6

830

121 ,6 00

)L? ,525

)7 ,227 .3

56 ,4L8,2
L9,L9o ,9

-4o7 .J
9,972,7

1o,JBo.o

Total
4,oB5

1,546 ,825
1l

r,6l-5
250,425
609,?25

B,)64.9
29 .5

L74,5
29,8o4.5
29,63o ,o

9

B

I

?,470,2
8,7L4.9

48,05) .3
19,161.4 2,)95.2
28,Bgr,g 28,Bgl..g

ress].0n

9

I
t

22,))4 ,)
20,9r5,I 2,614.4
2? ,r)8.2 2? ,L)8.2 N)

O
O



Herd 26

Y

Y2

n
X

N2

XY

220

9,950
6

6 rzl-o
6 ,454,650

225,825

Treated

Cow

Treatment
Total
Error
F ratio =

4t+o

52 tOO0

5

5,290
5,?95,550

4z) ,? oo

I
IO

9

11. B0

Total
660

60,950
IT

tl,500
12 ,250 ,2O0

649,5zs

CaIf
Treatment I
Total I0
Error 9

F ratio = 2,6I

L,442,7
227 ,472.7
226,O)O,O

*x(p<0.01)

CaIf
Control

I, Bo5

5t+? ,67 5

3,220.0
-40, t+? 5.o
-4) .695,o

2,85L.2
44,004 ,5
4t,t5).)

NS (P>0.10)

6

I, 000

189,200
299 

'LOO

Treated

7,L86,7
2L,350 .0
L4,L6) ,)

1,710
59L,250

3,6)o,2
11, 206 . 8

? ,576 .6

5

995
2t6,625
34g,6oo

Total
) ,5L5

r,13 8,925

7 tzOL.g
8,446 .g

4,62L,9
L5,722 .7
l1,100. B

I1
r,gg5

4o5,Bz5
648,? oo

9

B

I

2,854.L
L,)94.9

14, 148 . t
5,7l6 .4
8,43r.?

ession

9

B

I

7L4.6
8,4)L.7

12,868 ,6
9,?O5,9
) ,162,7

L,2L),2
3 ,162.7

N)o
H



Herd 27

Y

Y2

n
x
x2

XY

Cow

165
t+9 ,? z5

4

),920
3,920,45O

L3),450

Variation df
Cow

Treatment
TotaI
Error
F ratio =

605

89,97 5

5

4,2)O

3 ,624 J7 5

509,000

eated

I
B

7

o,?6

CaIf
Treatment
Total
Error
F ratio = 0

770
r)9,700

9

8,L55
7 ,544,825

642,4So

)0,84J .9
r55,4BB. g

r24,645,0
NS (P>o.ro)

Calf

t
B

7

.01

ntrol

SSx

L,270
43 o, too

-24,r7 5 .6

-55,255.6
-31,080.0

2?.2
7 ,422,2
7 ,)95.O

NS (P<0.10)

4

fio
7r ,7 00

16 g ,4oo

Treated
I ' 51+5

496,)25

L4,L)) ,5
7),822,2
59,688.7

5

645
89,T?5

205,)OO

66.t
7,L86,L
7 ,LzO,0

Red,

Total

Lg,6)6 ,o
? ,749.7

2 tBLs
926,425

L60.6
45,955 ,6
45,795,o

9

I,L? 5

L6o,B25

)74 t?00

from re

SSr

7

6

I

6 ,957 .5
6,855.2

54,L86 ,Z

5L,9)9 ,0
2,24?.2

ression

7

6

I

8,656
2,247

)8,998.L
)8,939 .B

58.)

,5
,2

6,490.0
58.)

N)
O
N)



Herd 28

Y

T2

n
X

x2

XY

Cow
ntro

565

72,525
7

? 16?5
B ,611 ,)25

565,775

Treated

Cow

Treatment I
Total 11

Error I0
F ratio = I,2I

410

)5,800
5

4,??o
4,605,950

JBB,5oo

Total
975

LOB,)25
L2

L2,l+45
L),2L7,2?5

954,2? 5

Calf
Treatment I
Total 1l
Error I0
F ratio = 0.19

SSx

59,l^67 ,2
J10 ' 77 2,9
25L,605 .?

NS (P>0.r0)

Calf
Control

2 r2I5
?Lo,27 5

7

775

9L,T7 5

250,77 5

5).6
7 ,97 5.o
7,92L.+

NS (P>0.10)

-q6
-56

-534,L
, BBr .3

,347.2

Treated
r,555

4B5,gz5

5

575
68.67 5

L7B,L25

4.8
29,LO6 .3
29,L)L,5

-6? .9
4,7? 5.o
+,84?,9

Total
),770

r,196,2oO
T2

L,)50
r5g "850
42B,goo

Deviation

1o,411. t
L2,619. o

85.9
LL ,? 9L .7
r1,705. B

df

10

9

I

2,859.O
2,96o.B

re

18,6 95 ,2
t6 ,482 .5
2,2I2.?

ression

10

9

1

1,811.4
2,2L2.7

g,g)2.7
B,?45.0

TB7 ,7
97r.7
LB7 ,? f\)

O



Herd ?9

Y

Y2

n
x
x2
XY

c
Cow

L,350
J78 ' too

5

3,725
2,802 1725
1,016 ,625

trol

Cow

Treatment
Total
Error
F ratio =

L,3I5
)59,025

5

),L75
2,026 ,Bz5

844, too

re ed

I
9

B

1.5r

Total

CaIf
Treat¡nent
TotaI
Error
F ratio =

2,665
7)7 ,L25

)0,250 ,0
68,550 .O

38,)00.0
NS (P>0.10)

10

6,goo
4,929,550
1,860,?25

CaIf
Control

I
9

B

2.20

L,29Q

)44,950

62.5
5,40?.5
5,)40,0

NS (r>O.tO¡

L,925 ,0
2L,87 5 ,0
19,950.0

5

4zo

)6,850
rrr,625

Treated
L,445

l+L1,Lz5

L22,5
26 ,9o2.5
26,? BO. O

-)8? ,5
3 ,697 ,5
4, oB5. o

5

)95
)4,9? 5

LI4,97 5

TotaI

Deviat

6 ,9Bo ,5
10'J9L7

2,73 5
?63,o?5

2,4O2 ,5
L5,O52,5
L2,6 50 . o

10

815

7r,825
226,600

B

7

1

2,530 ,6

) ,L25.0

19 ,922 , o
L6 ,38B .3

),fi),7

B

?

I

2,34L.2
) ,533 ,7

12 | 52I.9
9,525 ,L
2,996 .8

L,360 ,?
2 ,996 ,B

t\)
O
N



Herd 29

Y

Y2

Yearlings

n
X

x2
XY

ont
),5L5

1,16 9,025
11

5,265
2,?16 ,225
r,74) ,825

Variation

Treated

Yearlings
Treatment I
Total 2L

Error 20

F ratio = 0,2)

3 ,505
1,134 ,57 5

11

5,9L5
) ,4)) ,9? 5

L,B9g,050

Total
7 ,O2O

2 ,30J,6 oo

L9,204.5
467 ,827 .)
448, 622,8

NS (p>O.rO)

22

1I,180
6,l49,)oo
3 ,642,87 5

Control

-295.5
7 5,LtÕ1.6
7 5,?34 .L

Treated

4.5
6) ,5BL.B
6j ,577 ,j

Total

Deviation

L2,l64.?
L2,7 85.0

df SSr

from

20

T9

1

re

5L,4L?.L
5o ,7 92 ,)

624.8

es s10n

MST

2,6?) ,)
624.8

N)
O
L¡l



Herd l0

Sum

Y

v2
n
X

x2
XY

Cow

665

Lr5,o7 5

4

),695
),4?L,225

624,27 5

Variation
Cow

Treatment
Total
Error
F ratio =

Treated
445

59,825
4

4,)60
4,828, B5o

46o,Bz5

I
7

6

o,7l+

Calf
Treatment I
Total 7

Error 6

F ratio = 1.78

1,110
r74,900

B

8,055
Boo, o?5

1,085, loo

taI

55,278,L
l8g, 696 ,g
L34,418. B

NS (P>0.10)

Calf
Control

SSx

I,76 5

7Br,075

-18,287 .5
-)2, fiL.3
-Lt+,252.8

r,12B. l
11, J 96 ,g
lo, 26 B. B

NS (P>o.to)

l+

565
85,625

25O,)25

Treated
L,585

640,8? 5

6,o5o.o
20,887,5
L4,83?.5

-2,r37 ,5
L,156.)
),29).8

4

660
LL3,)50
26),800

Red

Total
),)50

r,42L,g50

Deviation

5,578,8
L,5TL.)

4,o5o.o
L9,L)7 ,5
15, o87 .5

df

B

L t225
L98,97 5

5II+,I25

from

6

5

I

IL?
L,056

re

L5,)08.7
L),326 .2
L,gB2 ,5

ress]-0n

,)

MST

6

I

2,665.2
L,982,5

19 ,020 .2
r4,03r.o
4,989,2

2,806
4,ggg

.2

.2 t\)
O
o\



Herd 31"

Sum

Y
,T2

n
X

N2

XY

Cow
Control

4o5

56,425
9

? ,920
7,or?,0oo

)55,900

Treated

ariation df
Cow

Treatment I
Tota1 L7

Error 16

F ratio = 3.20

-60
lB,700

9

8,L55
8 t2L5,r7 5

-4T Jz5

Total
3+5

7 5,L25
TB

16 ,07 5
L5,2J2,I7 5

)08,57 5

Calf
Treatment I
Total L?

Error L6

F ratio = L,5Z

3,068.1
876,306 ,g
873,238.8

*(e<.0I)

CaIf
Control

2,245
570,675

9

1,300
20),oo0
))),)25

234,?
20,)L2,5
20,O77 ,B

NS (P>0.10)

-6,oZo,B
+To.B

6 ,54:- .6

Treated
2,37 5

6)o ,7 z5

9

r,2)5
L?4,325
323,850

12,oI2,o
68,5r2,5
56 ,5oo .5

-469.4
6 ,525.0
6 ,994.4

Red.

Total
4,620

t , 2ol,40o
1B

2,5) 5

)77 J25
657,L75

Deviation

938.9
L5,600.0
14,661.1

0,)
49.o

df

from

SST

L6

L5

I

2,096
2,4)6

re

68,5L2,2
56 ,45T.5 ) ,?6) .4
12,060 .7 12,06o ,?

rE SSION

.0

.6

MST

L6

L5

I

13 ,5O4 .O

12 ,224 , 5

L,279 , 5

815.o
r,279 .5

f\)
O
\.1
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Appendix IIIB
Serum copper values



Herd 1

Cow
Sum Control Treated
Y -0.r4 ].00
y2 o,z) 0,46
n2020
x L5 JO LL|.2B

x.? lz. oo Lo ,52
xY -0.14 0 ,4)

Varia
Cow

Treatment
TotaI
Error
F ratio =

10n

CaIf
Total Control

0. 86

o,69
40

29.58
?2.52
0,29

I
)9
3B

o,72 NS

CaIf
Treatment
Total
Error
F ratio =

0,026
o,6l+6

0,620
(P>0. ro )

L,M
0,42

20

L4,L2
L0.23

0. 83

SSx

t
)9
3B

L).))

-0.029
-0,)43
-0 JLt+

Treated

0.01? 0.034
o .7 55 -o .694
o,738 -0.728

n.* (pc0.005 )

).r2
I.JI

20

14.94
rr.6)

1. B0

o.0)2
0,669
0,6)7

Total
4 .58
L.?3

4o

29.06
2L,87
2,63

Deviation

O,T82

0,r59

o.069
'r..200

1. 131

)B
37
I

0,6)8
0.718

o .487
0.478
0.009

SS]-ON

MSr

)B
)7
I

0.013
0 .009

o .562
o.4rl
o, l4g

0.0t1
o.r4g

N)
O
\o



Herd 2

Sum

Y

'12

Cow
Control

n
X

x2
XY

).?z
2.16

l0
l+,76

2,4L
L.54

Treated

Variation

4,)o
r,67

r5
7 .68
4.ll
2,0)

Cow

lreatment
Total
Error
F ratio =

TotaI
8.02

),8)
25

L2,44
6 .52

3 .5?

I
24

23

0.30 NS

CaIf
Treatment
Total
Error
F ratio =

CaIf
Control

0 .008
0,327
o.)r9
(P>0.10)

1.I0
0.73

I0
8,22
6 .99
0,65

I
2+

2)
T,69 NS

-0.018
-0,42)
-0.405

Treated
0.58
0 .52

L5

L?,I4
10.41

0.03

0.00I
0. Blg
O. BTB

(P>0.10 )

0.044
L .250
r.206

Total

Red.

0.005

-o.690
-0,695

I.6B
L.26

25

20.)6
L7.40

0.6 B

Deviation from

o ,547
0 ,5L3

df SSr

0.01r
I. 146

l.116

23

22

t

o.5Br
0 .59r

0.?03
o,69+
0.009

rCSSl

MSr

2)
22

t

o.oJz
0,009

0.565
0 .524
0.040

0,024
0.040

N)
H
O



Herd J

Y

Y2

n
X

x2
XY

Cow
ntro
L24
0.61

1l+

7 .)B
4. oI
0.5r

Variation

L,62
0.78

14

B.0lr
4.9)
0.60

Cow

Treatment
Total
Error
F ratio =

Total
?,86
1,38

28

L5.42
8.94
I.11

I
27

26

1. BB NS

Calf
Treatment
TotaI
Error
F ratio =

Calf
Control

0.016
0.452
0,4)6
(P>o. ro )

-L.72
L,J2

14

LL ,24
9,26

-r,65

I
27

26

2.2L NS

0.009
-o.469
-0,4?B

reated
-0.46
o.28

I4
TL,?6
r0.13
-o.47

0.010
o,4gg
0.489
(P>0. ro )

0.005
L,092
1.086

Total

Red.

0.02)
-0 .) 5L

-0,)74

-2,L8
I .60

2B

23.00
L9.39
-2.L2

Deviation

O.4BB

0,525

df

0,057
1.41r
L.37 5

26

25

I

0.246
o.286

0.604
0 ,56L
0.0¿l,2

resston

26

25

I

0.02)
0.042

1. lB5
l. oBg

0.096
0.044
0,096

N)
H



Herd 4

Y

Y2

n
X

x2
XY

Cow
ontro
-o 34
0.06
6

).)6
2.08

-0.24

Cow

Treatment
Total
Error
F ratio =

o,l2
o,o5
6

J.BO
2,1+9

0.0J

-o,22
0.ll

L2

7 .L6
4,5?
0.20

I
11

10

0.00 NS

Calf
Treatment
Total
Error
F ratio =

CaIf
Control

0.016
o.296
0.280
(p>o,to)

-0.62
o.L5
6

4,1+o

),28
-o ,5L

t
11

10

7 ,5) n+

0.0I?
o,3)6
o.3Lg

Treated

0.046
0.131
0.085
(pco. oz5)

0,36
0.05
6

).66
2,27
0,22

0.018
0.107
o. oBg

-0 .410
o,46)
a.873

Total
o.26
0,20

I2
8.06
5,54

-0,29

Deviation

0.)82
0.)64

0.080
o. lgB
0.118

10

9

1

-o ,27 5

-0.27 5

0.000

L.639
B.%9

IO

9

I

-0.03r
0.000

-t .44r
-8.821

7 .380
-0.980

7 .3Bo
f\)
H
¡,)



ÌIerd J

Y

Y2

n
x
x2
XY

Cow
ontrol

0.76
0. 16

L)
8.00
4'ga
o,45

Treated

Variation

2,?6
1.00

L)
7 ,78
4,74
L,?6

Cow

Treatment
lotal
Error
F ratio =

) .52
l. r7

26

L5.78
9.70
2,22

I
?5

24

9,09 'Þ'rr

Calf
Treatment
Total
Error
F ratio =

Calf
Control

0.002
0. I20
O. IlB
(pco. ot )

4,1+B
4,?4

L)
L2.52
L5,90
-7.r0

I
25
24

L,79 NS

-0.0u
O. OBI

o.0gB

Treated
-1.50
0.48

L3

11.28
10.00
-r.49

0,059
4,Lzo
4.06r
(P>o. ro )

o,L54
o.6gL
0.fi?

Total

-0.094
-4,o29
-).9J5

Red.

-4. gs

5.2r
26

2),80
25,9L
-8.59

Devia

0.054
0.081

ton

df

0.151
4.259
4. lo8

from re

24

23

1

).94L
),8L3

o.6)6
o.456
O.IBO

re

MST

2+
23
I

0.020
O. IBO

o .318
0.295
0,o2)

0.01J
0,02)

N)
H(,



Herd 6

Sum

Y

Y2

n
X

x2
XY

Cow
Control

4,90
L,7 5

L5

2,92
0.58
o,95

Treated
6.oz
2,53

L5

3.06
0,65
L ,2L

Cow

Treatment
Total-
Error
F ratio =

Total
LO,92
4,2?

)o
5.98
L,2)
2,L6

1

29

2B

5,34 NS

Calf
Treatment I O,069 -0. IB9
Total 29 0 , 59 5 -O ,66)
Error 28 0.526 -0.474
F ratio = Zo .52 rs{+ (pc0.005 )

Calf
Control

0.001
o,ol+)
0,o42
(P<0.05 )

I.98
o .56

r5
4,58
r,7 5

0,36

0,005

-0.021
-0,026

Treated
5,92
2,7J

L5

3 .r4
0. 83

1.01

o,042
o.2gg
o,25?

TotaI
7 ,90

),)0
3o

7 ,72
2.58
L.)z

0 .0r0
0.016

0.518
L,2L5
o,698

2B

27

I

0.739
o.42?

0.289
o.24L
0.048

ressr-on

2B

27

I

0.009
0.048

o.47?
0.27t
0,206

0.010
0.206

¡JÊ
+r



Herd ?

Sum

Y

Y2

n
x
N2

XY

Cow
Control
-o ,56

O,?L
L3

9,L2
6 ,54

-0.4]

Treated

Variat

r.06
0.44

IJ
8.IB
5.]5
0.58

Cow

Treatment
Total
Error
F ratio =

Total
o ,50
0.65

26

t7.)o
l-I. B9

0, ]7

I
25

2Ll

2,86 NS

Calf
Treatment
Total
Error
F ratio =

Calf
Control

o.o)4
o,383
0 .349
(P>0.10 )

0,92
o.52

L3

8,26

5,66
0.30

1

25

24

).L2 *

-0.059
-0.L62
-0.104

Treated
J,60
L.55

L)
6.62
J .80
I.51

0.103
o,g4g
0.846

(P<0. ro )

0.101
0,6)7
0,5)6

Total

-o.L6g
-0.777
-0.608

4 ,52
2,07

26

1¿1. BB

9,46
1.81

o. 06g

o.3oB

0.276
I.281
1.01

24

2)
I

o.6)6
o,l+)?

o ,568
o .506
o,06)

24

2)
I

0,o22
0.063

0,646
0 ,568
0.077

0,025
0.077

N)
tsú



Herd B

Y
y2

n
x
x2
XY

Cont
Cow

0.04
0.01
Lt

2,20
r,2)
0.01

Tr

Variation

ted

Cow

lreatment I
Total 6

Error 5

F ratio = 0.03

0.08
0.0I
3

T.58
0. Bl
0.04

tal
0,L2
0.02
7

3,78
2.O7

0.05

CaIf
Treatment I
Total 6

Error 5

F ratio = 0.40

0.001
0,025
0,024

NS (P>0.10)

CaIf
ontrol
-0.32
0.II
4

),06
2.44

-0.J2

SSx

-0.001
-0.011
-0.0r0

0 .00I
o,L7)
0,r72

NS (p>o.ro)

eated
0.28
0 .18

3

2.22
L,? Z
0. t0

0.001
0.019
O. OTB

TotaI

Red.

-0.007
0.455
0.462

-0.04
0.30
7

5,28
4.16
0,42

Deviation from

0.005
0.004

df

0,052
0,297
o,2+6

5

4

I

r MSr

Ì.194
L .247

0.014
0.014
0.000

resslo

4
I

0. oo4

0.000

-0.897
-0,995
0.099

-0,249
0.o99

N)
H
cl'



Herd 9

Y

Y2

n
x
x2
XY

Cow
Control
-6,20
2,)2

2B

:-4.6t+

8,27
-J.?6

Treated
-2.? 0

1.06
2B

14. r
?,65

-L,53

Cow

Treatment
Total
Error
F ratio =

tal
-8.90
).)B

56
28,?L[

L5,92
-5.29

I
55

54
7 .14 ;F+T

CaIf
Control

0.005
1.171
L.L66
(pco.o1)

-o,03+
-0.726
-0.692

Treated

0 ,2L9
r.96)
L.744

otal

0.450
0 .410

54

5)
I

T.5]3
r.334
0.180

esslon

0,025
0.180

N)

{



Herd l-0

Su

Y

Y2

n
x
N2

XY

Cow
ntrol
0.20
0.0J
4

L.42
0.50
o,07

Treated

Vari
Cow

Treatment
Total
Error
F ratio =

L.52
0,65
4

1. J0
0.44
0.46

tion

ta
L,?2
0.68
I
2,72
0.95
o ,54

1

?

6

15.Il+

CaIf
Treatment
TotaI
Error
F ratio =

Calf
Control

0.002 -0.020
0.021 -0.049
o. olg -0 .o2g

.r++T (pcO. OZS)

-0.44
0.08
+

L,96
1.08

-0,26

SSx

1

7

6

r4,?)

0.005 -0.041
0.242 -o .096
o ,237 -O.056

*.r (pcO. oZ5)

l.1B
0,4)
4

2,L6
r.28
o .54

0,2L8
0,3L2
o. o94

Total

Red.

Deviation from

o.?t+

0.51
B

l+,Lz

2,36
0. 28

0.116
0.04ó

df SSr

0.)28
o.444
O. I16

6

I

0.038
0 .013

o.Lg5
o. o4g

0.r4?

re ss ion

MSr

6

5

I

0.0I0
0,l-4?

0.406
0.103
o.)o3

0.021
0,)0j

f\)
H
@



Herd 11

Sum

ï
y2

n
x
x2
XY

Cow
Control
-1. l2
0.32

L)
6.oz
3,07

_0.7)

1.38
o,)7

t1
4.40
L.97
o,4g

Cow

Treatment
TotaI
Error
F ratio =

ot
0.26
0 .68

24

IO.I+2

5,04
-o,25

t
23

22

L4.55

CaIf
Treatment
Total
Error
F ratio =

Calf
Control

0.a24 -0.080
o ,5L2 -O ,) 59
0.489 -o .2?g

rrn (pc0.005 )

-2.94
o,9)

TJ

9.02
6,46

-2.23

1

2)
22

L5,78

Treated

o. or5 o. o4B

1.078 -0.844
1 .063 -o .Bg2

.rrn (p<0.005 )

-0.?0
0. 85

11

B.IB
6,95

-L.2J

0 ,26?
0,679
0.4L2

taI
-J,64
I.7B

24

L?,2O
L3,40
4 ,l+5

Deviation

0.25r
0.160

o.L57
r.2)2
L.07 5

22

2T

I

0 .660
o.?48

0,428
0.25)
0.L75

re ss10n

22

2L

1

0 .0L2
0,r75

o ,572
0.326
0,245

0.016
0.245

t\)
H
\o



Herd 12

Y

Y2

n
x
x?
XÏ

Cow
ntr
0.90
0. 13

I0
4,zz
1. Bg

0,38

Treated
o,42
0.]5

l1
5,38
2,82
0.0?

Cow

Treatment
TotaI
Error
F ratio =

r.32
0,28

2L

9.6o
4,?L
o,t+5

I
20

19
o,34 NS

CalI
Treatment
Total
Error
F ratio =

Calf
tontrol

0.024
0.323
0.J00
(e>o.ro¡

-o,72
0.58

10

6,92
4.8)

-0,73

I
20

L9

o,7o

-0.018
-o,L56
-0. 138

Treated

o.o)7
0.5?4
o ,5)?

NS (P>0,10)

0 .70
0 .40

Ì1
6 .58
4.jo
0.08

0.014
0.L95
0 .181

Total

-0.060
-0.640
-0.580

-o,02
0. gB

2L

r3 .40
9.L2

-o,65

Deviation

0.075
0.06)

o.096
o.9Bo
0.884

L9

rB
I

0.714
o.628

0.120
0.1r7
0.002

L9

TB

I

0 .007
0.002

0,266
0,256
0.010

0.014
0 .010

f\)
f\)
C)



Herd 13

Y

Y2

n

x
x2
XY

-2.L6
o .59

l0
6.72
4.60

-r.41

eated

-L,4?
0.27

10

6,j6
4.o7

-o,92

Cow

Treatment
TotaI
Error
F ratio =

-3 ,58
0. 86

20

IJ.OB
9,67

-2,3J

I
19

}B
2,86 NS

CaIf
Treatment
Total
Error
F ratio =

CaIf
Control

0.007
0. I20
0. rl4
(P>0. ro )

-2,06
o.?)

IO

9.)2
9,85

-L,gl+

I
T9

18

0.15

-0.0I:ì
0.011
0,024

o,032
L.397
L,365

NS (P>o,lo)

-L.62
o .57

10

B .52
7 .46

-r.55

0.027
0,220
o.L9)

-0.018
-0.210
-o.Lg}

Total
-3.68
r.l0

20

1?. 84

L7,)L
-3.49

0.001
0.005

0.010
0,624
0 .614

1B

L?

I

0.032
o .027

o.zTg
O. TBB

0.0)2

1B

L7

I

0.011
o.032

o .592
0 .587
0.005

0.o)5
0 .005

t\)
N)



Herd I4

ï
t2
n
x
x?
XY

Cow
ntrol

-L,?2
0,29
I
4,)o
2'J5

-0.71

Treated

Variation

-1.08
0,32
B

4 36
2.4L

-0.61

Cow

Treatment
TotaI
Error
F ratio =

taI
-2,)O

0 .61
16

4,66
4,?6

-L,)3

1

L5

]4
-?.L6

Calf
Treatment
Total
Error
F ratio =

SSx2

Calf
Control

).33
3 .40
o,07

NS (P>0,10)

-2.84
1,08
B

4, 84

3.03
-1 .78

1

L5

1¿l

5.)) **

-0 .57 5

-0,658
-0.083

Treated
-1.50
0.49
B

4,j6
2.59

-0.95

0.014
0,3)3
o,)r9
(P<0.05 )

0.001
0,283
0.282

Total

-0.0þ0
-0,2)7
-0. tg6

Red.

-4.)4
r,57

16

9.20
5,62

-2,7)

o,j-27
0.095

O. II2
o.)92
0. 280

from

rþ
TJ

I

o.L56
0. I87

-0.031

0.168
0.12r

resston

MSr

I4
L)
I

0.0r4
-0.031

0,224
0,r59
o.065

0.0I2
0.065

N)
N)
N)



Herd 15

Cow
Sum Control Treated
Y -O .22 L,54
Yz o. oB o,)5
nt0I0
x +,42 4. r
xz z,LL l. BB

xY -0.10 0.51

Var
Cow

Treatment
Total
Error
F ratio =

Total
I.32
o.4)

20

8.52

3,99
0.4r

I
t9
1B

j-5.90

CaIf
Treatment
TotaI
Error
F ratio =

Calf
Control

0.005 -0.028
o.)57 -0.Ì5r
o,)52 -0.L2)

r+{+ (pcO . 005 )

0.58
0.45

10

4.68
2,6L

-0.09

I
L9

I8
0.01 NS

Treated
0.42
0.70

10

6.zB
4,68

-0.4)

0,128
L,2BI+

L,L56
(e>0. ro ¡

0.L55
0.)4L
0.186

Total

Red.

-0.oIJ
-0.028
-0.015

1.00
1.15

20

to. g6

7,?9
0 .52

vta

0. 064

o. o4J

df

0.001
1 ,100
1.098

1B

L7

I

0.001_

0.000

0.277
o. r43
o.}J4

TESSION

MST

}B
T7

t

0.008
0.114

L,099
I.098
0.001

0.065
0.00t

N)
N)
L,J



Herd 15

Yearling Heifers
Sum Control Treated
Y

Y2

n
x
N2

XY

0,I2
0.02
4

2,L4
1.18
0.0¿r

Variation

1. 06

0,2)
5

2,L2
0,94
0.44

Yearling Heifers
Treatment
Tota1
Error
F ratio =

Total

df

I.IB
0,25
9

4,26
?,I2
0,49

I
I
7

LJ.oB

Contro 1

0,027 -o.045
0.10J -0.0?1
o.076 -0,026

{+.r+ (pcO ,0?5)

Treated

o,o?4
0.098
0,o24

TotaI

Red.

Devi

0.048
0.009

om re

?

6

I

0.050
0.016
0.034

ress]-on

MST

0.003
0.034

N)
N)



Herd 16

Sum

Y

Y2

t1

x
x?
XY

Cow
ControL

-o J4
0.05
?

5,1+l+

4,29
-0.30

Treated

v

o.48
0.10
7

4. BB

) ,54
o,28

r
Cow

Treatment
Total
Error
F ratio =

tion

Total
0. 14

0.15
L4

Lo.32
? ,83

-0.02

I
I)
L2

).9L {+

CaIf
Treatment
lotal
Error
F ratio =

CaIf
Control

0.022
0,226
o,203

(P<o.Io)

-o ,52
0,38
?

5,60
4,66

-0.64

I
Ð
L2

L,54 NS

-0,0)3
-0.L2)
-0.090

Treated
O.IB
0.I2
7

5,58
4 ,48
o,I5

0.000
0.2L6
0,2L6
(p>0. to )

0.048
o,L47
0. 0gg

Total

Red.

-0.001
-0,222
-o.22L

-0,34
0.51

r4
11. IB
9,r4

-o ,I+9

Deviation from

o.067
0.0¿lo

o.o)5
0.498
0.463

l2
1I
I

o,?29
0,227

0.080
o.059
0.02I

esston

T2

1l
I

0.005
0.021

0 ,269
0,2)6
0 .0ll

0.021
0.o)) Ì\)

L¡



Herd 1?

Cow
Sum Control
Y
,T2

n
x
x2
XY

-0.01+
0.15
9

) ,58
1.68

-0 .10

Treated Total
3 .10
1.05

t2
3 .80
L,54
o,79

Cow

Treatment
Total
Error
F ratio =

),06
L.20

2L

7 ,38

3.2)
o.69

I
20

L9

L6,75

Calf
Treatment
Total
Error
F ratio =

CaIf
Control

o ,q4 -o. tlo
0,6)) -0,)Bg
o,599 -o.2Bo

rrrÍ (pc0.005 )

0.44
0.17
9

4. Bo

2,7O
0.lg

I
20

L9

9.?B r+'F

Treated
2.66
o,69

L2

5,60
2.80
1.14

0,023
o.346
o,)?J
(P<0. or )

o.)35
o,75L
o,)95

Total

-0,059
-o,7al+
-0. tþ5

J .IO
0. 86

2L

r0.40
5,50
I,))

Deviati

0,240
0.IJ1

0,L54
0.)99
0,245

L9

}B
I

0. I20
0,065

0.5I1
0.?65
0,2+6

r9
IB
I

0.015
o,246

0.279
O. IBI
o. o98

0.010
0.098

N)
o\



Herd IB

Cow
Sum Control Treated Total
Y -0. 86 -o.74
Yz o,r? o,u5
nBB
x 4,24 4,94
Nz 2Õ6 3.rI
xY -0.50 -0.50

Cow

Treatment
Total
Error
F ratio =

-r.60
0.61

L6

g .18

5,1+?

-I.00

I
L5

I4
o.40 NS

Calf
Treatment
Total
Error
F ratio =

CaIf
Control

0.030
0.2o5
0.L7t+
(e>o.ro¡

-L.)6
0.27
B

5,L2
3,32

-0. 86

I
L5

14

6,68

0.005
-o. oB5

-0.090

Treated

0.000
o.249
0.249

.Ë{r (p<O ,OZ5)

-0.06
0,22
I
5,LB
) ,56

-0. 16

0.001
o,454
o.453

Total

0.005

-0.104
-0 . r0B

-L,l+2
o,l+9

I6
10.30
6.gB

-r,02

Deviatíon

0,o35
0.047

0.106
0,)66
0.26r

14

L3

1

0.043
o,o4?

o .419
0 .406
0.013

esston

I4
L)
I

0.031
0.0r3

o.)23
0 .214
0 .110

0 .016
0. 110

N)
lv{



Herd 19

Y

Y2

n
X

x2
XY

Cow

o.96
0.J6
3

0.74
0,20
o.22

Treated

Cow

Treatment
TotaI
Error
F ratio =

3,21+
1 .48
9

2,72
0.91
0.90

Total
4,zo
I. 83

L2

3.+6
l. r0
I.12

I
1I
l0

0.61 NS

Calf
Treatment
Total
Error
F ratio =

CaIf
ontrol

0.007
0. 106

0,099
(P>o . Io )

O,?L
0,2)
3

L,66
r.09
o.29

I
I1
IO

0.05 NS

0.005

-0.090
-o.og5

reated
2.86
L,9)
9

4.10
2,58
o ,50

0,o22
o. go4

o. BB3

( P>o .10 )

0.004
0,)63
o,)59

Total

-0.018
-o.922
-0 .904

3 ,5?
2,16

L2

5.76
),67
0,79

Deviation

0.076
0.091

0.015
1.101
1. OBó

t0
9

I

o. g4o

0.926

0.287
0,269
O. OIB

10

9

1

0.030
0.018

0.162
0. 161

0.001
0.018
0.00t

lv
N)
co



Herd 20

Y

y2

n
X

x2
XY

Cow

-r.50
0,42
7

5.08
3.77

-L.L2

Variation

-0.68
0.4)
o
O

6,oz
4,58

-o ,59

Cow

Treatment
Total
Error
F ratio =

To

-2,T8
o,B5

L5

r1. l0
8,35

-1.7r

I
I4
L)

2,5? NS

CaIf
Treatment
Total
Error
F ratio =

Calf
Control

0.003
0,L36
0.r33
(P>o. lo )

-1. 0B

o.29
7

4,04
2,46

-0,69

I
14

L)
r,4)

0.013
-0,094
-0. r07

Treated

0.021
o .483
0.462

NS (P>0.10)

-L,L2
0.46
a

5.22
),?4

-1.01

0.062
o.fi5
o.4?2

0.004
-0,)52
-o ]56

tal
-2 ,20
0,75

r5
9.26
6,zo

-1. ?l

o.064
o. o85

0.001
0.4)2
0 .431

L)
L2

I

o.256
o.274

0.470
o.)87
0.083

L)
T2

t

0.0)2
0. oBl

0.L76
o.r57
0 .0tg

0.0r1
0.0I9

ts
N)
\o



Herd 2L

Y

y2

n
X

x2
XY

Cow

-4.26
I,?4

I1
7 ,86

5,69
-3 .08

Treated
-2.40
0,72

l1
B.I4
6,L?

-L,? 5

Cow

Treatment
Total
Error
F ratio =

Total
-6.66

2.t+7
2)

16 .00
11. 86

-l+,8)

1

2L

20

L0,33

CaIf
Treatment
TotaI
Error
F ratio =

Calf
ontrol

0.004 0.024
0.224 o. oog

0.22L -0.0I5
** (pco,005 )

-4,78
2,46

11

B,Tz

7 ,LO

-3,96

I
?T

20

2.45 NS

Treate
-2,20

0. 86

II
7 ,04
Lt,Bz

-L,57

0.128
0,626
o.4gB
(P>0.10 )

0.L57
o,l+l+9

0.292

Total

0.L97

-0,53?
-0.J40

-6.gB
3.32

22

15,76
l-L.92

-5,54

0.000
0.001

o,)0)
1.110
o. B07

20

L9

t_

0.46r
0.2)2

0,449
o.¿gL
0. r5B

20

L9

1

0.015
0.158

o,649
0.575
0.074

0.030
o.074

l\)
(¡)



Herd ?2

Y

Y2

n
X

x2
XY

Cow

-L.42
o ,53

9

5,24
J,2)

-1.04

Treated
-o.66

0 .12
9

4,92
2. B0

-0.41

Cow

Treatment
Total
Error
F ratio =

Total
-2.08
0,66

1B

10. t6
6,oj

-L,l+5

I
L?

L6

1.19 NS

Calf
Treatment
TotaI
Error
F ratio =

CaIf
ontrol

0.006
0,296
0,29Q
(P>0. ro )

-2.86
1.48
9

6,42
4,68

-2.22

T

L7

16

I. 82 NS

-0.014
-0.27L
-0.258

Treated
-r.60
0.39
9

6. ra
4,)B

-r.13

0.003
0,247
0.241+
(P>0. to )

o,o)2
o.4L7
o,)85

-0,0I?
-0,228
-o,?L2

tal
-4,46
1. 88

1B

L2,60
9,07

-),35

0,249
o.229

O. OBB

0.772
0.684

L6

L5

I

0.2I1
0.184

0.168
0.L56
0 .012

16

L5

1

0.0I0
0.0t2

o .56r
0.500
0.061

0.0))
0.061

tv



Herd 2l

Su

Y

Y2

n
X

N?

XY

Cow
Control
-4. 86

L,79
L9

12,5/'+

9,05
-2,84

Treated

Variation

-I. 84

0.83
20

L6 ,52
t3 .84
-L.62

9ow
Treatment
TotaI
Error
F ratio =

Total
-6,70
2.62

)9
29,06
22.89

-4,46

I
38
)7

3,)6 'r

CaIf
Treatment
Total
Error
F ratio =

CaIf
Control

o,269
1.240
o.g7L

(P<o. ro )

-7 .42

3,85
r9
L5,74
L3,28
-6,1+)

I
3B

3?
l-8.55

0,265
o ,533
o.268

Treated

0.000 -0.006
0.593 -o,557
0.59) -O.552

** (pc0.005)

-3.02
I. OB

20

L6 .52
14.00
-2,76

0,26L
L.t+73

L ,2L2

To

-10.44
4,g)

39

)2.26
27 .28

-9.L9

o,299
0.0?4

o.559
2,L)7
I,578

37

)6
1

0 ,524
o .5L3

r.244
r.13B
0.106

SS1-ON

)7
)6
I

0.o)2
0 .106

I .613
1.064
0 ,548

0.030
o .548

N)(,
f\\)



Herd 24

Y

Y2

n
X

x2

XY

Cow
Control
-3,72
L,96
I
5,40
3.95

-2,77

Treated
-2.28
0.90
7

),78
2.22

-1. þo

Cow

Treatment
TotaI
Error
F ratio =

Total
-6 .00
2,86

L5

9.18
6.L6

-4.LT

t
14

13

1.00

Calf
Treatment
Total
Error
F ratio =

0.068
0 ,545
o,477

NS

CaIf
trol

t ,58
L.g9
B

4,90

3,62
-2,67

I
r4
L)

4.08 .r

-0.070
-0.496
-o,425

Treated
-2.50
L,24
7

4,j4
2,Bg

-t.79

0.000
0.738
0,739

( P<o .10 )

0.072
0,465
0,392

Total

0.000

-0.69)
-0.69)

-6.oB
J,24

r5
g,)0
6 ,5o

-l+,46

Deviation

0,45r
0.J80

0.011
o.7?2
o.74L

v
T2

1

o.652
0.652

0.014
0.011
0.00I

resslon

v
L2

t

0 .001
0.001

0.120
o'o9o
0.03I

0.008
0.031

r\)(,(,



Herd 24

Yearlings
Sum Control Treated Total Control
Y -T. BO

yz L,zL
n4
x 2.56
N.2 z,o)
xY -L,55

-1.98
0. 86

5

3.76
2,94

-t.55

Yearlines
Treatment t
Total B

Error 7

F ratio = 4.86

ation

) aQ

2.07
9

6.)z
4,9?

-1.10

0.028
o .5)2
0.504

rr (p<0.I0 )

0.0r1
-0.44)
-0.457

Treated

0.007
0.483
0,47?

Total

Red

Deviation from reEression

o.)7o
o .4r4

df SSr

7

6

I

0.114
0,06)
0.051

MSr

0.011
0 .051

t\)(,
F'



Hàrd 25

Cow
Sum Control
Y

Y2

n
X

x?
XY

-0. B0

0. rB

5

2.50
L,65

-o,l+7

Treated

Variation

-0.82
o.L2
6

).98
2,7L

-0.5)

Cow

Treatment l
Total 10

Error 9

F ratio = 2.99

TotaI
-0.90

0 .10
ll

6 .48
4,js

-I.00

Calf
Treatment t
Total I0
Error 9

F ratio = ?.29

Calf
Control

0.948
o ,5)7

-0.411
NS (P>0.10)

-0.82
o,)9
5

I .00
2.OI

-0.69

-0,5)5
-0.4?t
0.064

Treated

0.102
o .]-I+3

0.24L
NS (P>o.ro)

0.90
0.20
6

2.44
L.02
o,)7

0.L67
0.225
o.o59

Total

-0.166
-o .) 5L

-0.185

0.08
0.60

1t
5,+4
),03

-0 .31

Deviation

o .413

-0 .010

0.269
1.595
o 326

9

B

I

-0 .1BB

0.069
-o.026

0.359
o,L42

0.009

-0,026

9

B

I

0,236
0.184
0.053

0,023
o.o5)

N)(,(¡



Herd 26

Sum

Y

y2

n
x
x2
XY

Cow
Control

0. 86

o,)9
6

1.50
0,4?
0.r7

Treated

Cow

Treatment I
Total 10

Error 9

F ratio = 0.09

o.70
0 .44

5

r.1þ
0,32
o. 04

Total
L.56
0. 84

II
2.64
o.73
0.22

CaIf
Treatment I
Total 10

Error 9

F ratio = O.Lz

SSx2

Calf
Control

0.001
0.100
0.099

NS (p>O.rO)

0.48
0. 14

6

L,I2
o,25
0.05

0.000
-o . l5B
-0. r5B

Treated

0.000
o,L)2
0. 13l

NS (P>0.r0)

o,)2
o.r2
q

0.88
0,24

-0.0I

0.000
0.6L6
0.6L6

Total

Red.

0.001
-0.107
-0 .107

0. B0

0,26
l1

2,OO

0.50
0.04

Deviat

o.250
0,251+

df

0.001
0.200
0.200

from re
SSr

9

B

I

o. oB7

0.087

o,)67
0.)63
0.004

e ss 10n

9

U

1

0.045
0.004

0.1r4
0 .1I2
0.002

0.014
0.002

NJ
(J



Herd 27

Cow
Sum Control Treated Total
Y -0.44 -0.50
yz o.Jo o ,24
n45
x 2,21+ 2,70
xz 1.5r L,5o
xY -0.48 -o ,))

Vari
Cow

Treatment 1

Total B

Error 7

F ratio = 0.01

-0.94
0 ,5)
9

4.94
I .01

-0. Bl

Calf
Control

CaIf
Treatment I
Total B

Error ?

F ratio = 0.26

ssxZ

0.001
o,298
o.29?

NS (P>O.TO)

-1.J8
0.68
4

).)0
),r9

-1 .44

-0.000
-0.297
-0.29?

Treated

0.004
0.6)2
o,628

NS (P>0.r0)

-L.66
o.69

5

4J4
).9)

-L,54

0.000
0.436
0.4)6

Total-

Red.

0.001
-0 .4ol
-0.404

4,Ol+
I.)7
9

7 ,64
7 ,L2

-2.98

viation from re

Q,297
o,297

df

0.000
o')t+4
o.)4t+

SST M

?

6

I

0.257
0.260

o.r)g
0.139
0 .000

re sslon

7

6

I

o,ozJ
0.000

O. OBB

0.084
0.004

0.014
0.004

l.J

{



Herd 28

Y
,T2

n
X

x?
XY

Cow
ontro

0 .40
0.06
7

5,04
).83
0,24

zlVaridlion df sSx2 sSxy ssy-_ Red. L jf Ssr rusr _
coy

eat
0. 84

0,2L
5

),66
?.7 5
0.56

Treatment
Total
Error
F ratio =

tal
L.24
0.26

T2

8.70
6 .58
0. B0

I
11

IO

5,68 't'F

Calf
Treatment
Total
Error
F ratio =

Calf
Control

0.000
o,2?6
0.276
(rco. o5 ¡

-0.50
0,26

7

5.52
l+.48

-0 ,56

I
t1
10

2.54 NS

0.004
-0.101
-0. Io5

reated
-0.14
0.09
5

4 .t4
J,I+9

-0.17

0.005
0.200
0,l-96
(P>0. ro )

o.036
o,I3?
0.101

Total

0.005

-0,2L2
-0,2l.7

-o ,6Ll

0.36
L2

9,66
7 ,gB

-0.7)

Deviation

0,03?
0.040

0.006
0.322
o.jr6

t0
9

I

resresst

0.224
0.240

0.100
0.061
o.039

I0
9

I

0.007
0.0)9

0.o98
0.0?7
o,022

0.009
o,o22

N)
GJ
æ



Herd 29

Cow
Sum Control
Y

Y2

n
x
N2

XY

-1.40
o.¿+4

5

) ,58
2.58

-I.00

Treated

Variation

0.10
0.05
5

3,70
2. Bl
0.07

Cow

Treatment
Total
Error
F ratio =

Total
-I. JO

0.49
10

7 ,28
5.)9

-0,9)

1

9

B

T5,49

Calf
Treatment
Total
Error
F ratio =

Calf
Control

0.001
o.0Bg
O. OBB

'F'r (P<0.01)

-3.36
2,1+4

5

5.70
6.66

-3,99

O. OIB

0.014
-0.004

I
9

I

Treated

25,66 .*.r (P<0.005 )

-L,50
I.16
5

5.60
6.83

-2.29

0.001
0.730
o,?29

o,225
o,)26
0. l0l

Total

-0.019
-0.786
-0,?68

-4.86
3,60

10

11.30
L3 ,50
-6,28

0.002
0.000

o ]46
L .2)8
o,892

B

7

I

o.847
o. Bog

o,)2t+
0. I01
o,22)

B

7

I

0.014
o.223

o.39:-
0.084
0 .108

0.012
0.loB

NJ
(¡)
\o



Herd 29

Yearlings & Open Cows

Y

Y?

n

x
x2
XY

-2.1+
I.3B

1I
6,68
4 .48

-L.73

Treated

Variation

O. BB

0,36
I1

7 ,54

5,5)
0.36

Yearlings & Open Cows

Treatment
TotaI
Error
F ratio =

Total

df

-L,52
L.74

22

LI+,22

10.0I
-L.)7

I
2L

20

15.07

ssx2

0.034 0.128
o,B2) -0.386
o .?Bg -0.514

+* (p<0.005)

Contr

SSx

o .4Bg
I.6)t+
L.L45

Red.

Total-

Deviation from

0.181
0.3)5

df

20

1g

I

Sr MSr

L.45J
0. Bl0
0,643

resslon

o,043
0,64)

f\)

O



Herd l0

Y

ï2
n
x
x2
XY

Cow
ontrol

0.00
0.14
4

2.5?
L,62

-0 .05

-0.08
0.02
I+

2,54
L.63

-0.06

Cow

Treatment 1

Total 7

Error 6

F ratio = 0.10

Total
-0.08
0.16
B

5.06
),25

-0.11

Calf
Treatment t
Total 7

Error 6

F ratio = 6,7)

Calf
Control

0.000
0.048
0.048

NS (P>0.10 )

-0.04
0,10
4

2. B0

L.g7
-0.06

0.000
-o,062
-0,062

Treated

0.0I8
0.030
0.012

'rÊn (fcO. O5 ¡

0.18
0.04
4

3 .IB
2.5)
0 .1¿+

0.001
0.L54
o. r54

O. OII
-0.02I
-0.03r

tal
0.14
0.14
I
5 .98
4 ,50
0.08

0,080
0.080

0.006
O.1]B
0.r)2

6

5

I

0.014
0.079

o.075
0.073
0.002

6

5

I

0. or5
0.002

o.L24
o.o5)
0.071

0.011
o.o7t

N)
F,
H



Herd 31

Sum

Y

y2

n
X

x2
XY

Cow
Control
-L ,24
o.)5
9

7 .18

5.BB
-1.08

Treated
0.68
0.J4
9

6.Bo

5.20
0.50

Cow

Treatment
TotaI
Error
F ratio =

Total
-o ,56
0.69

rB
L),98
II. OB

-0.58

t
L?

L6

5.?6

Qarr
Treatment
Total
Error
F ratio =

Calf
Control

0.008
0,22)
o.2L5

n+ (pcO.O5)

-I .48
034
9

8.04
? .4L

-1.44

I
I7
T6

),30 *

-0.041
-0.144
-0.104

Treated
-o.78
0.It
9

7 ,72
6,66

-0,70

o .006
0.267
o.26r

(P<0. ro )

0,205
0,675
0,47L

Total

Red.

-0.012
-0.L5)
-0. r40

-2,26
0,46

18

L5,76
L4,0?
-2,I)

viation from re

0.094
0.050

df

0,o27
o.L72
0.145

SSr

L6

r5
I

O. OBB

o,076

o .582
0,420
o.L62

ress]-0n

MSr

16

L5

I

0.028
0,l62

0. 084

0,069
0.0r5

0.005
0.015

Ð.
¡.J
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Appendix IVA

Site Iocation and sample description



Site #

I

ì975 FORAGE AND S0lL SURVEY - SITE LoCATI0N AND SAMPLE DESCRIPTI0N

>kNative grass species

Twp. Rge. Sec.

25 19 26

25 19 22

3

4

5

6

7

B

25

26

27

28

30

3o

2g

29

28

27

26

l9

t9

t9

UTM x I 00mq!_
\276 56717

t+260 56702

9

I
t4

I

I

t3

2l

33

l0

22

22

t5

l0

r9

'|9

r9

t9

ì9

t9

t9

t9

ìt

4z3t

4288

\z9z

t+29\

4298

\260

4260

t+262

\262

4260

t+260

l2

SAMPLE NUMBER/DESCR I PT I ON

SOIL VEGETATION
0-6" 6-21+" Grass Legume

123Lt

l3

56670

5677\

56840

5691 0

57141

57150

57091

57030

56962

56890

56780

5

9

ì3

17

t9

2t

24

27

29

3r

35

38

6

l0

t4

il

r5

l8

22

25

I
l2

r6

20

23

26r

28

30

33

36

40

32

39

34

37

4ì
N)
.Þ.
Ltt



Site #

l4

ì5

r6

t7

IB

ì9

20

2l

22

23

2\

25

26

27

28

Twp. Rge.

26 t9

27 ì9

28

29

30

3o

30

3o

29

28

27

26

25

25

25

Sec.

B

6

t9

r8

5

12

6

l0

25

35

t4

2

23

l9

UTM

E-

4z3o

4212

t+225

t+225

4z\o

4zoo

4r30

\170

\zoo

4l 9o

4r90

4r90

4r90

4t55

4t45

t9

t9

20

20

20

20

20

20

20

20

20

20

I 00m

u

56757

56Bso

56959

57ot+5

57102

57 t2t

57106

57122

57075

56990

56883

567\3

56701

56668

56611

0-6"

\z

\5

47

50

5t+

57

60

64

66

69

73

77

80

83

87

SAMPLE
SO IL

NUMBER/DESCRIPTION
VEGETAT I ON

Grass Legume

44

46

48

5l

55

5B

6l

9

r6

I+9

52

56

59

62

65

68

7l

75

79

B2

85

89

67

7o

7\

78

8l

84

ôôo0

53

6l

72

76

B6

90
N)
È.
o\



Site #

29

30

3l

32

33

3t+

35

36

37

38

39

4o

4ì

l+z

4l

44

Twp.

26

27

28

29

29

29

zB

zB

2B

27

26

z6

26

27

27

28

Rge.

20

20

20

20

20

21

21

2l

20

20

20

2t

2l

2l

2l

21

Sec.

9

UTM x ì 00m

E_ !_

4156 5676\

4t58

4r60

41 67

4t 33

4083

408o

4058

4ll5

t+123

4o¡2

4096

4050

4og8

4060

4ozo

56847

5691t+

57007

57005

57007

56970

56933

56913

l6B8o

56833

56792

56804

56882

56885

56950

SAMPLE NUMBER/DESCRI PTION
SOIL VEGETATION

0-611 6-24t' Grass Legume

91 92 93

27

9

6

IB

32

z4

20

94

98

100

103

r06

t09

lt3

il6

ìt9

123

127

130

133

136

r38

95

l0ì

t04

107

I l0

il4

n7

120

I zt1

ì28

r3r

r3

t6

96

99

102

t05

r08

ilì
lt5

ilB

l2t

125

l29

132

ì34

137

139r8

97

ll2

122

126

135

r40
N)
F'
-J



Site #

45

t+6

4l

48

\9

50

5l

52

53

54

55

56

57

58

59

6o

Twp.

27

z6

25

25

25

25

25

25

26

26

z6

27

27

z7

25

25

Rge.

2l

2l

21

21

21

22

22

22

22

22

22

22

22

22

23

23

Sec.

5

B

UTM

E-

4045

4o3o

4080

4o42

t+01\

3980

39\2

4ooo

3960

3983

39t+3

3928

3967

3998

3866

3870

2

20

3\

t4

t7

36

9

l4

32

6

l0

l4

3

22

l00m
!_

568t+6

56763

56653

56705

56726

56680

56692

56730

56760

56787

56824

56852

56862

S6880

56654

56708

0-6'l

r4t

SAMP L E

SO IL
6-24''

NUMBER/DESCRIPTION

144 t45

l4B t49

152

155

157 r 58

r 61 162

165 ì 66

I 68 169

VEGETAT I ON

G rass Legume

| 42*

I 46 t\7

r50 r5t

153 r 54

156

159 r 60

163 164

167

r 7r

t7\

177

180

ì83

t86

190

172

175

r78

r8t

t84

187

r9r

r70

173

176

179

r82

t85

188

t92

189

193

N)

Co



Site #

6l

62

63

64

65

66

67

68

69

7o

71

7z

73

74

75

76

Twp. Rge.

25 23

26

26

26

27

27

27

28

28

28

29

29

30

30

29

29

23

23

23

23

23

23

22

22

22

2l

2l

2l

2l

22

22

UTM x l00m
t_ !.

3843 56728

4

zB

23

6

9

l3

l0

34

24

r6

21

9

2

25

,o

3852

3855

3892

3821

3863

391 5

3970

3972

4oro

4oS4

4oS6

4ol4

4088

4oo8

3950

56757

56816

56796

56852

56871

56887

56927

56995

56966

57040

57060

57120

57103

57072

57070

0-6,' 6-2\,,

I 94 195

SAMP L E

SOIL
NUMBER/DESCRIPTION

ì98

202

205

209

213

217

220

224

228

23t

234

236

2\o

244

2t+B

199

203

206

2lo

214

2r8

221

225

229

232

VEGETAT I ON

Grass Legume

196 197

200

zo4

207

2il

215

2lg

222

226

230

233

235

238

z\2

2\6

249

201

208

212

216

237

241

245

223

227

239

zt+3

zt+l

250

N)
F.



Site #

77

7B

70

80

BI

B2

Twp.

29

26

26

26

26

25

25

2l+

24

24

25

28

2B

28

28

29

Rge.

22

26

26

26

25

25

25

25

25

25

25

28

29

29

29

to

Sec.

r8

3

17

5

12

25

l0

22

t7

33

ì9

t7

l0

83

84

UTM

I
3%)1

3582

3552

364\

3705

3715

l68z

36Bo

3643

3660

3622

3352

3270

3266

3310

3250

85

86

87

88

89

90

9l

92

l00m
I

57038

56750

56785

56752

56772

56720

56675

56612

56593

566\6

56707

56960

56978

57026

570\7

57072

0-6 6-24,,

251

I 70A

SAMP L E

s0 tL
NUMBER/DESCRIPTION

l72A

t75A

I 78A

tStA

I 84A

r 88A

t9ìA

I 95A

ì 99A

25t+

257

260

263

266

VEGETAT I ON

G rass Legume

252 253

I 7lA

t76A

179A

I B2A

ì 85A

ì89

tg2A

I 96A

2004

255

258

26127

36

9

t73A

177 A

I 80A

r 83A

r 86A

tg0

I 93A

197 A

20.lA

256

259

262

264

268

t74A

I 87A

I g0A

ì 94A

I 98A

267

265
N)
Ltt
O



Site #

93

94

95

96

97

98

99

100

l0t

102

103

r04

t05

t06

l07

t08

Twp. Rge.

29 29

29

29

30

30

3o

29

29

28

28

27

27

27

27

27

27

Sec.

t3

35

30

9

20

I

26

l0

33

r3

5

t5

32

26

3

t3

29

28

2B

2B

2B

28

28

28

28

28

29

29

29

28

28

UTM

E-

3303

3290

3347

3373

3367

3422

3405

3398

3367

3422

3348

3263

3243

3285

3384

3420

X I 00m

!_

57 102

57140

57086

57138

57 172

571l8

57090

570t+r)

57012

56970

56861

56895

56943

66935

56870

S6Bgz

0_6,' 6_24,'

269

SAMPLE

SO IL
NUMBER/DESCRIPTION

272

275

278

280

282

285

288

29l

29\

298

30ì

303

305

307

3ì0

VEGETAT I ON

G rass Legume

270 271

276

273

277

279

281

28tl

287

289

293

296

300

302

304

306

309

312

283

286

27\

292

295

299

290

308

3ìl

297

T\)
Ltl
H



Site #

l0g

ll0

Twp. Rge.

27 27

27 27

ìil

I t2

lt3

I t4

il5

il6

il7

il8

ll9

120

l2t

122

123

l2\

28

28

28

27

26

26

26

26

26

26

26

26

26

25

Sec .

4

27

27

27

27

28

29

29

2g

28

2B

27

27

27

26

UTM

g

3\70

3463

3\75

3\7'Ì

3512

3521

3337

3288

3265

3 300

3390

3385

34\4

351 0

3467

3540

t6

9

28

I

t3

t9

l5

28

35

34

l5

5

t3

28

to

I 00m

!_

56867

56902

56947

56990

56930

56890

568t2

56795

56830

56852

568\3

5679\

56765

56790

56810

56728

0-6 6-24,'

313 314

3ì 6 317

SAMPLE

SO IL
NUMBER/DESCRIPTION

319

322

325

327

330

334

337

340

343

346

3\9

353

356

360

VEGETAT I ON

Grass Legume

315

318

323

320

32\

326

329

332

336

339

342

3\5

348

351

355

358

362

328

331

335

338

341

34\

3\7

350

354

357

361

32t

333

3\6

352

359 l\)
Ltt
N)



Site #

125

126

Twp. Rge.

25 26

127

r2B

129

t30

l3l

132

t33

r34

135

t36

137

ì38

139

t40

25

24

2l+

2\

25

25

25

25

25

25

25

25

25

24

2\

Sec.

27

l0

22

l0

IB

29

22

24

l2

B

30

22

l0

I

32

4

26

26

26

26

27

27

28

28

27

28

29

,o

29

28

28

UTM

å

3593

3572

3578

3 580

3528

3450

3483

34ro

341 o

3t+50

3335

3282

3288

3320

Tt+5

3357

ì 00m

u

56724

56676

56615

56582

56595

56728

56710

56710

56676

56675

56727

56722

56685

56672

566t+5

56575

0-6,' 6-2\"

363 36t+

SAMPLE

SOIL
NUMBER/DESCRIPTION

367

371

375

379

383

386

389

392

396

4oo

403

406

409

4t3

417

VEGETAT I ON

Grass Legume

365 366

368

372

376

380

384

387

390

393

397

40r

404

407

4r0

4ì4

418

369

373

377

381

385

388

391

394

398

\02

405

408

4ìì

4t5

419

370

37\

378

382

395

399

l+12

4r6

(Jl(,



142

t43

t44

t45

t46

147

t48

149

r50

r5r

152

t53

ì54

r55

ì56

Twp.

23

23

23

22

23

23

23

2\

z\

211

zh

z\

zt+

z\

23

23

Rge.

28

zB

2B

2B

29

29

29

29

29

29

28

z7

z7

27

27

27

Sec.

29

23

9

32

4

22

27

5

ì6

32

z7

20

z7

3

27

ì4

UTM

E-

3350

3390

3365

3350

3262

3283

3276

3250

3263

3252

3380

3440

3480

3470

3480

3490

I 00m

u

565\5

56528

56485

56450

56\70

56520

56545

56580

56610

56650

56610

56616

56623

56570

56540

56t+95

0-6" 6-24,,

4zo 421

t+24

\26

\29 4¡o

432 \33

[ls 436

4lA \tg

44r 442

444

\\7

4\9 l+so

4sz 453

SAMPLE

SO IL
NUMBER/DESCRIPTION

VEGETAT I ON

Grass Legume

\22 423

t+25

t+27 \28

4¡t

\t\
\ll
440

\\3

\45 4L+6

448

45r

4¡4

\57

460

\63

467

\55

458

46t

t+64

456

\59

\62

465

N)
Ltr
F.



S ite #

157

r58

159

r60

r6r

162

t63

t64

165

t66

167

168

169

t7o

171

172

Twp.

23

21

2l

2l

22

22

22

22

22

22

22

22

2l

21

21

21

Rge.

27

29

29

29

29

2g

29

zB

28

27

27

27

28

28

28

27

Sec .

7

UTM

E

3430

3247

3295

3312

32Bo

3320

3305

3357

3\12

3\47

3\95

3450

3362

3358

3395

3475

t5

I 00m

!_

56\85

56295

56313

56288

56lla

56404

56\33

56405

56390

56412

56\07

56375

56350

56285

56310

56285

il

4

t3

26

t7

ìl

30

ì5

5

32

B

t5

9

0-6,,

468

SAMPLE
SOIL

NUMBER/DESCRIPTION

t+7 | 472

t+14 47 5

t+77 478

480

VEGETAT I ON

Grass Legume

470

473

476

479

48t

\82

486

488

4gz

t+gS

498

500

503

506

509

513

483

489

493

496

484

\87

4go

t+94

\97

t+99

502

505

508

5ll

515

485

501

504

507

5ìo

5ì4

4gr

512
f\)
(¡¡
L¡I



Site #

173

17\

175

176

177

l7g

179

180

r8r

t82

t83

184

l85

186

t87

t88

Twp.

2t

2l

21

2l

2l

2l

2l

2t

35

34

3\

3tt

t4

34

34

34

Rge.

27

27

26

26

26

25

25

25

27

27

z7

27

28

28

zB

29

Sec.

zl+

30

2l

3l

25

26

r6

4

9

z7

t6

UTM x l00m
E- T.

3516 56323

34\\ 5633\

3565

3542

3622

3697

3665

3660

3\\3

3476

3467

3\k5

3413

3360

3362

3290

56315

563k5

56335

56nt+

56305

56266

57618

57568

575\0

57586

57560

57526

57580

57588

0-6" 6-24,,

516 517

51 9 520

SAMPLE

SOIL
NUMBER/DESCRIPTION

522

525

529

531

534

538

54ì

545

548

552

555

558

561

565

VEGETAT I ON

G rass Legume

518

521

32

zh

523

526

9

z8

34

52t+

527

530

533

536

540

543

547

550

554

557

560

563

567

532

535

539

542

546

5t+9

553

556

559

562

566

528

537

541

544

551

564
Ltt
o\



Site #

t89

lg0

ì9r

192

193

r94

r95

196

197

r98

199

200

20t

202

203

20\

Twp. Rge.

34 29

34

37

37

37

37

37

37

37

37

37

37

37

37

36

36

Sec.

20

lt

25

t5

20

7

ì5

27

35

20

ì0

30

8

3

27

24

29

27

27

27

26

26

26

25

25

25

2\

2\

2\

24

24

UTM

I
3260

3296

3498

3470

3432

3520

3570

3563

3680

3633

3667

3720

3733

3755

3750

3785

X I 00m

u

57555

57526

57860

57825

57855

57817

57830

57865

57866

57838

57803

57850

57812

57792

57758

577 40

0-6', 6-24,,

568 569

SAMPLE
SO IL

NUMBER/DESCRIPTION

571

574

577

5608

5638

5678

5708

5748

5768

5798

562A

564n

567A

5704

573A

572

575

578

561 B

564 s

568 s

571B

VEGETAT I ON

Grass Legume

570

573

576

579

5628

5658

5698

5728

5758

57BB

56lA

563A

566n

569A

5724

5754

5778

56oA

566e

565A

568n

571A

57\A

5738

N)
L¡{



Site #

205

206

207

208

209

2ì0

2il

212

213

214

2t5

216

217

2tB

219

220

Twp.

36

Rge.

24

z5

25

25

28

2B

28

29

29

29

29

29

29

,o

29

29

36

36

36

37

37

37

37

37

37

36

36

l6

33

33

33

Sec.

t7

UTM

I
37tI

3678

3790

3640

333\

34oo

33\0

328o

3276

3252

32\4

3300

326t+

3270

3300

3250

lt

25

28

I
24

29

27

t5

4

29

2l+

l0

2B

t5

8

I 00m

u

57730

577 t7

57757

57767

57825

57845

57872

5 7868

57833

578t0

57773

57750

57720

57\ll

57\42

57\35

0-6" 6-24,'

576A 577A

579A 580

583 584

587 588

590 59t

593 594

596 597

599 600

602 603

605 606

608 609

6r ì 612

615 616

6lB 619

621 622

SAMPLE

SO IL
NUMBER/DESCRIPTION

VEGETAT I ON

Grass Legume

578A

58r 582

585 586

589

592

595

598

60r

604

607

610

613 6t4

617

620

623 6zt1

627625 626

t\)
L,I
0o



Site #

221

222

223

224

225

226

227

228

229

230

23t

232

233

234

235

236

Twp.

32

32

32

36

36

36

36

l6

36

t6

36

36

36

35

35

35

Rge.

29

29

29

28

zB

2B

27

z7

27

27

z6

z6

26

25

z5

29

Sec.

29

34

23

33

6

3

7

29

2

27

29

7

3

29

33

32

UTM

E

3250

3285

3300

3355

3324

3370

34zo

31+28

3t+76

3478

3535

3520

3565

3625

36lt

3z4o

I 00m

!.

57375

57 4oo

57357

57780

57710

57710

57715

57772

57706

57786

57767

57720

57705

57665

57680

57687

0-6" 6-24"

628 629

631 6lz

634 85

637 638

SAMPLE
SOIL

NUMBER/DESCRIPTION
VEGETAT I ON

Grass Legume

630

633

6le

639

640

6t+3

646

649

653

656

659

66t

666

669

672

6ls

64t

644

647

650

642

6\5

648

651

654

658

66t

665

668

671

6lt+.

677

657

660

66t1

667

670

673

676

652

655

662

672

t\)
Ltt
\o



Site #

237

238

239

240

2\1

242

243

2\4

2t+5

2\6

Zt+7

248

zt+9

250

25t

252

Twp.

35

35

35

35

35

35

35

35

35

35

35

35

35

35

35

36

Rge.

29

2B

29

zB

28

27

27

27

23

22

22

23

23

22

23

23

Sec.

ì0

7

23

29

t4

30

23

lì

23

20

30

28

t5

22

34

l0

UTM

E-

3263

3330

3zB5

3327

3375

3420

3t+73

3490

3880

3920

3900

383\

3848

3953

3860

386o

X I 00m

I
57620

57620

57665

57680

57642

57680

57660

57615

57642

57642

57657

57655

57632

57640

57670

577 t0

0-6,'

678

682

686

689

692

695

700

70l1

707

710

713

716

719

722

725

728

SAMPLE
SOIL

6-24"

6lg

683

NUMBER/DESCRIPTION
VEGETAT I ON

Grass Legume

680 68t

687

690

693

6ge

701

705

708

711

714

717

720

723

726

729

684

688

691

694

697

702

685

709

712

715

718

721

724

727,v

730

703

706

f\)
o,
O



Site #

253

254

255

2524

2534

25\A

263

26\

265

266

267

268

269

270

271

272

Twp. Rge.

36 23

36

35

35

35

35

32

32

32

33

33

33

33

33

33

33

Sec.

9

IB

3

29

22

5

3l

t6

28

23

26

26

26

26

22

22

22

23

23

23

22

22

22

2l

UTM x l00m
E.I.

3840 57703

38r4

3565

3523

356\

3522

3916

3953

3947

3882

3900

3 885

3950

3936

3933

4o¡ s

57728

57600

57672

57658

57605

57380

57330

57363

57\28

57458

57\77

57 405

57\28

57454

57397

SAMPLE

SOIL
6-21+"

732

736

740

731

73\

737

770

773

776

779

7Bz

786

790

793

797

Boo

NUMBER/DESCRIPTION

735

739

730

733

736

769

772

775

778

781

785

789

792

796

799

t4

25

35

4

t7

20

5

VEGETAT I ON

Grass Legume

733 73\

737

7 t+l

732

735

738

771

77t1

777,Y

780

783

787

791

79\

798

801'k

738

78l4

788

795

t\)
F



Site #

273

27\

27\A

275

276

277

278

279

280

28t

282

283

28\

285

286

287

Twp.

33

33

30

30

30

3l

3l

3l

3l

3l

3l

36

36

35

35

35

Rge.

21

2l

22

22

22

22

22

22

2l

21

2l

l9

20

t9

20

20

Sec .

t6

UTM

t_

4osll

4o7o

393\

3953

3975

3955

3938

3992

4043

4025

4080

4207

4t 67

4205

4172

4t43

l5

7

29

34

9

29

25

9

20

26

3o

26

7

ll

l0

I 00m

u

57\28

57 \34

57130

57168

57 190

57220

57266

57264

57225

57257

5726\

57795

577\5

57605

57607

57607

0-6"

Boz

805

808

Br2

815

819

8zz

825

828

83ì

835

838

84t

844

847

850

SAMPLE
SOIL

6-24"

803

806

809

813

8ì6

820

823

826

829

832

836

8lg

842

845

848

85r

NUMBER/DESCRIPTION
VEGETAT I ON

Grass Legume

804

807

8r0

8t4

8t 7

821

824'v

827

830

833

837,v

840''.

843't

846

849't

852*

Bt ì

BIB

8¡4

853
N)
cr.
N)



Site #

288

289

290

291

292

293

294

295

296

297

298

299

300

301

302

303

Twp.

35

35

35

35

35

35

35

35

35

34

l4

l\
l4

34

3\

3\

Rge.

20

2l

21

Sec.

6

UTM x l00m
E- T-

4t 00 57585

23

23

23

22

22

22

22

23

22

z3

23

22

l9

il

4058

4ooo

3868

3856

381 z

3987

3940

3930

3925

3850

3933

3905

391 0

3935

\213

ì0

57590

57600

57605

57605

57613

57608

57610

57596

57570

57510

57520

57518

57560

57555

57560

l2

0_6" 6_2\"

8s4 8s5

SAMPLE
SOIL

9

4

NUMBER/DESCRIPTION

857

860

864

867

869

871

8ls

878

881

885

889

893

897

900

903

30

9

I
12

25

29

30

858

861

865

VEGETAT I ON

Grass Legume

856t'

859'k

862*

866*

868*

879't

873

877,v

88ot

883

88Zk

89r

895

899

902

905't

872

876

879

882

886

890

8g¿t

898

g0l

904

863

87\

884

888

892

896

l\)
o'



Site #

304

305

306

307

308

309

310

3lì

312

313

3ì4

315

316

317

318

319

Twp.

34

34

34

33

33

32

32

32

32

32

32

33

3t+

3t+

33

33

Rge.

20

20

20

20

20

2l

2l

2l

20

20

20

20

t9

ì9

t9

t9

Sec.

23

9

5

28

7

2l+

22

lt

29

22

34

9

r8

6

29

9

UTM

g

4tB3

4ì55

4t 37

4143

4120

4og4

4060

4084

\127

4t5B

4l 58

4r50

4zro

42ìo

4zzo

\zt+o

I 00m

u

575\5

57515

57\96

57462

574t 3

57353

57354

57320

57363

57343

57377

57410

57527

57 \95

57455

57410

0-6"

906

909

912

915

917

919

92l

924

927

930

933

936

939

942

94\

948

SAMPLE
SO IL

NUMBER/DESCRlPTION
VEGETAT I ON

Grass Legume

908'k

910

913

9l I't

914

9l 6*

9l 8'"

920

923*

926s'

929*

932

935*

938"

94ì

9\3

9\6 947

950'=

922

925

928

931

934

937

940

945

9\9

N)
o'
F.



321

322

323

32\

325

I 00A

l0lA

I 02A

I 03A

I 04A

I 05A

ì 06A

I o7A

I 08A

I 0gA

Twp. Rge.

33 19

32

32

32

3l

3l

24

24

z4

zl+

2\

24

2l+

2l+

211

2\

Sec.

6

t9

r8

UTM

E-

4zt7

4z>7

4266

4z5o

t+246

\295

4z3o

4zl6

4273

4196

4126

4125

4o9o

3900

3835

3906

l9

t9

t9

l9

l9

r9

20

20

20

2l

23

23

23

27

ì5

9

28

z4

ì 00m

!_

57390

57364

57333

57310

57264

57250

56558

56590

56556

56605

56560

56618

56630

56610

56582

56556

5

l4

0_6'l 6_24"

951 952

SAMPLE

SOIL

2

z4

5

30

35

z4

I
I

NUMBER/DESCRIPTION

95t+

957

960

963

966

I 300

1303

I 306

l3lo

r3r4

t3t7

| 321

132\

1327

| 330

955

958

961

964

967

I30l

I 304A

1307

r3il

l3l5

r3r8

1322

1325

ì 328

I 331

VEGETAT I ON

Grass Legume

95î,

956*

959*

962

965

968

l3oz

I 3048

I 308

l312

I 3l 6''.

l319

1323

1326

1329

| 332

r 305

I 309

r3r3

1320

N)
o'
LJr



Site #

lì0A

I ltA

I ì2A

I l3A

Ir4A

I l5A

I t6A

I l7n

IIBA

Twp.

z\

z4

25

26

26

25

25

211

24

Rge.

2l

2l

z\

2\

zt+

zl+

z4

24

z4

Sec.

3l

t4

27

il

4

UTM x

E-

4023

4o9o

3778

3786

3755

3746

3740

3734

3807

I 00m

!_

566\0

56570

567 t7

56773

56763

56733

56680

56612

56616

32

8

20

25

0_6" 6_24"

1333 1334

1336 1337

r34o r34l

t3\3 r 344

1347 I 348

1350 l35r

1354 1355

1357 I 358

t36t 1362

SAMP LE
s0tL

NUMBER/DESCRIPTION
VEGETAT I ON

Grass Legume

1335

I 338 1339

1342

| 3\5 13t+6

t ¡49

1352 1353

1356

1359 I 360

1363 ì 364

o\
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Appendix IVB

Forage analyses:

Analyses of Cu, Fe, Mn, Zn, IVIo in parts per million
Analyses of N, K, Ca, P, Mg in percent



SAMPLE #

Site #1

)
4

TYPE

- Lakeland C1avloam

Site #2
7

B

FoRAGE SURVEY, NORTH WESTERN MANITOBA, L975

srass 4,4 LL) ,7
legume 9.8 106 .1

Cu

- Dauphin Clay
grass 4,6
Iesume 6,9

Site #3 - Isafold Assoe.
11 grass 6,0
12 legume 5.6

Fe

Site #4 - Sandy Loam

15 srass 6.5
16 legume 8.0

I\4n

23,8
16 .1

Zn

)4.2
?6.8

siteJ5
1B

Mo

L).?
19. B

5.2
16 .8

- Lakeland Loam

?6.L
60,z

2.6
5.0

grass

14.1
18.1

L7 .5
L2,9

1.18
J .52

9L.9
76.)

2,4
8.0

6.1

L6.2
L2.B

L.20
r. 15

P

2L.7
r7 .2

r .22

),L0

62,5

).0
J,O

0.14
0.17

Ca

Lg.4
L6.)

L.L2
I.6r

L2,)

2.00
].04

o.)9
r.52

Ms

4.0
4.0

0.L2
0. 14

12.6

I.48
2 .4L

o.24
0 .59

L.55
).06

0,33
I,24

3.o

o,25
0 .16

L,22
L.)4

O. IB
0 .44

L.76

0.)4
0. B0

o,L2
0 .16

L.6?

0 .20
0.10

0.2?
r. 05

0.18

0. 2t
0,46

0 .29 0 ,20
f\)

Co



SAMPLE #

Site #6 - Lakeland Loam

20 grass 4,2

siteJT - Lakeland Loam

2) srass 8.0

TYPE Cu

Site #B - Isafold_Assn.
26 grass 4.2

Site #9 - Isafold Assn.
28 grass 8.4

Fe

Site #to

75.8

Mn

30 srass 5,8

L6 .5

73.7

Site-#ll - GiLbert Sandy Loam

T srass 5,L 6L.2
)4 lesume 8.4 89 , j

Zn

Lakeland Loam

r4.g

L7.2

55.6

Mo

Site #12 - Gilbert Sandy Loam

r.0

J2 .o

32,6

80. B

)6 grass 5.L 46 ,l
)? legume I0.5 78.9

1.18

2.O

22 .2

K

20 .0

6r,6

L.28

2.12

r.4

P

3L.7

11. g

0 .09

I.7 B

1. 15

Ca

L.6

IB. I

L3,l+
I7.B

0. 16

o.25

0.81

2,L)

Ms

T,2

20 ,0
26.r

r0. t
L7 .5

0. 18

o.)J

0.u

r.1g

L.92

L.6
4.0

L9.o
28.?

0 .20

0.25

0 .09

L,53

r.31
2.8)

0.8
5.0

0 ,20

0,27

o .20

0. 86

T.I2

L.J4
2.7 0

o.2I

o.)2

0.L)
0 ,20

r.7 2

L.69

0. rg

o ,25
1.JÌ

0 .07
o.07

0.20
0 .59

0,29
r.rg

0. 17

0. 5r

N)
ol\
\o



SAMPLE #

Site #13 -
40

41

TYPE

Site #Ì4
4t+

Lakeland Loam

grass 6.7
lesume 11.3

Cu

Site #15 - Isafold Assoc.
46 grass 9 ,2 4Ð ,4

- Lakeland Loam

Fe

Site #16
4g

grass

200.6

Ð.4

Mn

Site #17 - Isafold Assoc.
52 grass 7 ,7 62,9
5) legume 9 ,5 6I,7

4.8

Gilbert Sandv Loam

50.0
24.5

Zn

STASS

BB,2

Site #tB
56

Mo

TB,2
22.L

L6.4

7.0

siJe #19

59

N

I.B
6.0

- Gilbert TilI Substrate

r00 .1

15 ,5

82.4

grass 7 .0

r.62
).49

K

- Selina Sand

0.4

)2,6

I0.7

grass 6,)

o.75
L,24

P

L.49

0.6

26.7

)2,5
I2. I

0.I0
0.14

93,g

Ca

0.78

r.7o

2,0

20,8
2).7

0.44
r.5B

L9.6

48. B

Mg

0.17

I .4r

r.70

0.8
3.0

o,27
0 .40

I7 ,7

l_4.7

0. 51

0.05

0. 50

L.46
2.64

I.0

15. 0

0,26

0,34

0.05

I. 04

r.27

l-t+?

L,2

o,23

0.)6

0.rl
0.01

0,?9

I .4r

0 .24

0.)4
r.07

0 ,09

I.2L

0,2L
0,46

0 .28

0.L7

o .20

0 .2? 0.28
N){
O



SAMPTE #

Site #20 - Selina Sand

6z grass 5,)
63 legume 9.8

TYPE

Site #21 - Garson Complex
65 srass 4.9 4l ,4

Cu

Site #22 - Gilbert Sandy Loam

68 grass 6,0 5? ,O

Fe

Site #21 - GilÞert Sandy Loam

7I grass 4,2 6? .O

? 2 lesume B. B 97 ,)

48.)
79.)

I\kì

Si-tg #2! - Gilbert Sandy !,c¡am

7 5 grass 4,9 Ð ,B
76 legume ? ,0 4O . f

9.2
L9.6

Zn Mo

24.6
22.I

Si.te #25 - Dauphin_CIay
79 srass 5.6

4l .S

N

8.0
7.0

L+.5

22,I

L.57
2.58

K

0.8

r7.1

6.7
r). (

I. BB

L,)O

P

0. gB

I,2

L4.?
l6.2

0.06
0.08

L7 .2
9.8

Ca

o.7o

5L,5

L.3)

1.4
6,o

0.38
2,03

L5.5
14.0

Mg

0.06

0.61

o.96
2,I2

9.2

0.16
0.)+

2,0
2.4

0.25

L6.)

0.22

0. Bg

0.62

1.lr
3 .01

0.8

0.15

0.32

0 .10
0.14

I. OB

I.1I

l.28

0,)2

0 .40
r.74

0.3)
o,22

1.44

0.10
0.6 0

0,37
r .48

0.2I

0. rg
0.3r

0 ,22 0.2I
f\)
\-l



SAMPLE #

site #26
B2

Site_l#Z? - Dauplrin Cl-ay

85 srass 4.8
86 legume B,)

TYPE

- Gilbert Sandv Loarn

grass

Cu

Site #28 - Agassiz Assoc.
89 grass 5,2 84.4
90 legume 10.1 LZL.4

4.6

Fe

Si,te #22
9)

6T.o

I\t r

Site #'ì0

Gilbert Sandv Loam

L0.7

66,4
95.9

Zn

96

97

grass

Mo

IB,2

- Gilbert Sandv Loam

8.7
15.B

Site #31
99

grass 6,2
legume 2.9

4.8

I.B

r4.9
)5.r

- Gilbert Sandy Loam

6B.B

37 .9

r.38

fi.5

K

grass

0.4
5.0

25.)
48.?

14.4

r.45

BI.2
92.5

L.5Z
2,58

5.9

r.0
3.0

L6.6

0 .14

t.7g
2.37

22,5
16 .8

Ca

7 5.6

'l D.)

2.29

L0

0.J2

o ,24
0.26

Lg.6

9.r

Me

35.6

r.6)
I. BB

1.30

0. r7

0,29
0. Bg

1.0
1.0

18.5

0.18
0.19

r.lB

1.68
) .58

0.L2.

0.J0

'l 2

0.)2
1 .19

0.18

o.76
1 .10

L,22

0.14
o.J5

0.)2

0.18
0.26

o.72

0. rg

0.37
r.45

o,L2

o.25
0.69

0.32 n)2

f\)\¡
t\)



SÀMPTE #

Site #qZ
LO2

TYPE

Site #r3
Lo5

Gilbert Sandy Loam

grass

site #e4
108

Cu

- Gilbert Sandy Loam

grass

site #35 -
tIl
TL2

5,2 ?9.8

Fe

- Gilbert Sandv Loam

grass

5.5

Mn

Sits_#q6 -
LL5

Gilbert Sandy Loam

grass
legume

L7 .5

7),8

7,n

5,2 47 ,O

Site_#)? - Isafold
lf B grass L2,4

Mo

L6.9

77 .9

5,5
9.?

site #38 - Gilbert Sangy Loam

I2l- grass 5,5 8I.6
L22 legume 9,3 69,2

N

I.0

24,2

48.7

59.9
)9.?

4.1

r.25

K

2,0

IB.7

)0.9
19.I

74.?

0. 81

L.73

P

r.6

IB.9
19 .4

19.1

90.4

0.19

o ,57

Ca

1.07

1.0
0.8

16 .8

)2.2

o,l+2

o,12

Mg

o .5)

L,66
3 .10

4.0

l-9.2

2? ,9
IB. B

o,24

0.)6

0 .15

L,20
0.66

r. 14

1.8

r? ,)
24 .5

0.28

0.28

0,20
0.2t+

0 .57

L.2B

2,O

).o

0,20

0 .54
2,20

0 ,22

o.?o

r .l1
2,42

o,27
0.51

0.28

0 .20

L.L2
r.44

0.17

0,29

0.16
0 f4

0,L7

0 .10
0. gB

0. rg
o.47

t\){(,



SÀMPLE #

site #39 -
L25

L26

TYPE

site #40
L29

Gilbert Þandy Loam

grass
Iegume

Cu

Site #4I -
L32

- Gilbert Sandy Loam

4.5
6.9

Fe

grass

Site #42 - fsafold Stony
Ð4 grass 5,5
L)5 legume 7.7

Meharry Clay Loam

grass 4.I 6z.z

80.7
?2.t+

I\h:r

6.2

Site:#4l - Igafotd Stony
l)7 grass 4,2 10J . B

Z,n

14. B

16 .8

Bg ,5

Site :f4!
L)9
140

Mo

L9,6
17,o

24 .5

L.6
2.6

- Meharry Clay Loam

rg.4

l0.l

97 .B

66.9

grass
legume

1 .18
2.62

K

0.4

L6,6

3L.5
L7 .6

0.60
0 ,52

t+.2 79 .4
B,? LL6 ,)

P

L.62

2,4

25.2
23,2

0.13
0,22

L7 .6

Ca

L,22

o.94

2.0
5,O

0,28
1.61

Ð.6

Mg

9.2
L+.9

0,23

0. B0

L,))
2.77

0,22
o.65

0,6

T2.L
18.4

0,33

0. rB

r.05
L,)9

I .09

1.0
5.0

0,2L

0,2?

0. 19

0.2I

0.92

0 .80
2 ,56

0,26
1.20

0. 13

0,I5

0,72
L,20

0,20
0,4?

0,22

0.rl
0.14

0,20

0.2t
l.0B

0.13
0.)5

N)
\j
5.



SAMPI,E #

Site #!J - Agassiz Assoc.
Ll+z grass ) .5 89. o

site #46
l'46
l+?

TYPE Cu

Meharrv CIay Loam

Site #4? - Meharry CIay Loam

f 50 grass 4 ,9 L22,)
151 legume 9,4 85. B

grass
legume

Fe

site #48
L5)
L54

5,2
7.7

nhr

89 .5

301+ .5

- Meharrv Clav Loam

site #49
L56

Zn

5,4

grass
Iegume

Mo

L7 .9

9.5
L5,9

Site #50
L59
160

- Meharrv Clay Loam

4,5
g.B

N

r.B

€:rass

2).8 r.4
)o .7 L2.0

- Gilbert Sandy Loam

L9.)
I),6

84.g
66.9

0,7 5

K

grass
Iegume

4.9 r)2.4

22.8 ) .o
27 ,L 20.O

o.7 5

r0.9
9,5

L.49
2,6?

P

4.1
5,9

o,22

18.I
3r.6

o.7 5

0. r9

Ca

23 .L

r.09
2.7 2

97 ,B

6? .4

0.15

4.0
6.0

0.08
0.14

Mg

L3.6

0.68
L,7+

)L.6
L6.6

L,L7

).20

0.11

0. þB

2,L6

2.O

o,L2
0.17

L5.5 14. o

rB.1 2.6

0.72
I.2B

0.IB
0.30

I,00

0,32
L.69

0.08
0.17

0. 86

L.T?
2.gj

0 .14
0.lr

0,29
L,29

o,20

0.81
r .l+B

0. t4
0..31

o,)5

0.2L
0,24

0.14

o.))
I .11

o.L5
0. rg N)

L¡



SÀMPIE #

Site #5r -
L6)
16¿l

TYPE

Site #(2 -
L67

Gilbert Sandy Loau

€çrass
Iegume

Cu

Site # (3 -
r70

Gilbert_Sandy Loam

grass ).5 75,2

I+.2

8,7

Fe

sitejt 54
r73

Gilbert Sgndy Loam
grass 5,2 80. B

2)O.?
66,9

I\tr

Site #<5
L?6

Gilbert Sandy Loam

62.4
L7.6

Zn

grass

Site ¡f 56 - Peat
L79 grass

- Meharrv Clav Loam

Mo

20.3
L9.6

grass

r4,)

Sîte # 57
LB2

4.9

),o
).4

138.4

L3,6

12,6

4,9 60. o

- Dutton Clay Loam

1. 06

2,7 5

K

5,0

grass

L7 .7 L2,O

B,?

8.1

0 ,53
0. gB

P

L,26

L)2,0

L7 .0

L7 .6

4,9

0.08
0.lB

Ca

0.49

L.2J

T,6

17 .3

52.6

76.9

0.30
2,LT

Mg

0,12

0.78

r.30

7,O

26 .5

1l .B

o,12
0. 28

o .40

o,6g

0.17

L,36

2,O

l.6.2

0. 14

0,29

0.16

0.74

L.49

0.4

o,I2

0.J6

0.18

1.15

L.25

0.13

0,26

0.16

o.7r

0.15

0.3r

0.22

0,24

0,24 0. t4 t!{
cr.



SAMPLE #

site #58
t-B5 grass

TYPE

Si,te # 59
fBB grass
189 legume

Cu

Site #60 -
Lgz
L9)

5.2

Fe

Plainview CIay
grass 8.4 22I,7
legume ? ,7 85,)

B? .4

5,I
9.9

M:I

L96
L9?

46.r
T)9,8

- Gilbert Sa¡rdy Loam

?2.6

site #62

Zn

grass
legume

?00
20L

Nlo

29.0

T,5
L9,4

Site

Gilbert Sandv Loam

4.0 zzL.7
8,2 80.2

N

0.8

grass
Iegume

22.0
29.6

204

13 .1
14.1

- Meharry CIay Loam
grass 7 ,0 ?8,6

1.38

K

4.0
3.0

).7
8.0

LB,7
25.4

42.z
u.8

o .53

L.20
2.7 5

P

69.9
7O,)

4.0
2,6

0 .11

8.1
15.0

L,42
I. 80

Ca

IB. B

20 ,5

r.60
omitted

0.30

1.6
7.0

0.09
o,22

Mg

o.85 o .24
due to small

10.5
L9.2

L2 .4

o,??
?,)o

0.17

0,)4
L.73

4.0
4.0

1.07
0.89

2L,2

0.15
0,26

o.95
2.)5

0,)2 0.2o
sample

L,2

o.L2
0.20

O. BI
o.96

r.79

0.28
1.51

0.08
0,L)

L.9)

0.11
o ,22

o.))
1.98

0.15

0. r7
0,49

0.40 0.16
a\)\¡{



s.q,NIPtE #

Site #64 -
?o7

?OB

lYPE

SLte #65 -
?LL

2L2

Meharry Sandy Loam

grass
legume

Cu

SLte #66 -
2L5
2L6

Grifton Asgoc. r Sandy Loann

4,9
6.9

grass B.B
legume 10.1

Fe

LO5,g

70. B

Site #67 -
zLg

Itrr

Grifton Assoc., Sandy Loam

grass
legume

3O,2
9.0

Site #68
222

22)

7"n

140.7
II2. B

Meharry CIay Loam
grass 5.9 69 ,9

5.L
9,5

Mo

9,8
L2.2

Meharry CIay Loarn

11.1
L2.4

Síte #69
226

227

89.6 20.8
89 ,2 14.1

N

0.6
L,6

grass
legume

)4.8 5,0
28 .4 L2.O

Sand to Fine Sandy Loam

L,52
2,5)

K

) ,J 100.6
5.9 r05,9

grass
Iegume

20,2
Tl+.3

I.17
r.40

P

JO. B

L.66
),25

B.I
9.L

),4
1 .l+

o,20
0.24

Ca

15.1

o,50
L.54

25,2
IB. 2

54.?
74.L

L.T7
2,48

0,29
1.02

Mg

L.2

tl.2
L4.5

0.13
0.19

o,)2
L ,27

22,5
20,5

0.19
o.29

I. ]B

B.o

).4

0,22
1.07

4L,7
22.2

0.2)
0.18

0.46

1.30
2,70

0.15
0.))

0. 16

0. 87

1.8
7.0

0.21

0. B0

O,9?

2,22
2.67

0.12
o.)5

0,20

0.2)
0.)4

o.7 5

o,95

0.11

0,24
0.Bg

0. rI
0 ,10

0.11
0.23

o,22
L.45

0. 14

0.)2
N){
co



SÀMPLE #

Site #70 -
?)o

Síte #?L
23)

TYPE

Meharry Clay Loam

grass

Sîte #72
?J5

Cu

Gilbert Sandy Loam

grass

site_t?l
238
239

B,4 Lo7 .4

Fe

Edward Assoc,
grass

5,L

IVtrI

- Gilbert Sandv Loam

síte #74 -
242
24)
24)

Rerun

grass
legume

2L,5

58,6

7,n

5,5

Ggrrson_ -Complexgrass 5.5 47 ,B

Iegume 8.I 73 ,2

legume

Mo

22.9

68. B

27 .t

4.+
I+,4

Site #75
246
2t+7

I.0

t5.4

17,2

90 ,J LOL.2
t+5,0 ro.6

- Meharry CIay Loam

2,I3

K

I4

14.8

grass
legume

0.34

r.06

P

L.2

19,9
12,5

9,2
8.8

)8,7
22,2

o.6)

o,?5

r.00

Ca

L,2
5.o

110 .3

90. B

?L,4 2,0
J4.L 0.0

70.0

0.30

0.21

o.2)

Mg

I.?t o.I+) 0.17
analysis UBC only

46,)
lþ.6

0.16

0.2I

0.24

L.)4
2,1+8

)4,8
2),4

0.15

0,L7

0,1+7

0,22

r.6
4.0

0.09

o.23

1.80

),o3

0.19
0,25

0. rg

0.67
0.94

o.)7
r.51

0 .16
0,20

0 .16
0,6)

0,24
1.14

0.17
o.)5 !

\o



SAMPLE #

Site #76 - Leary 4.ssoc.
249 grass 5.L
250 legume 8.4

TYPE

Sîte #7?
25?

253

Cu

Meharry Clay Loam

Site_#78
17 1A

Fe

grass
Iegume

site #79
L73A

L74A

Rose Ridse Â6soc.

7).2
9? .6

I\trr

5,7
8.0

grass

- Onanole Clav Loam

L2,2
12.6

site-#80
L77 L

Zn

58,6
6L.7

grass 4,4
legume L2.2

5,9 73 .L

Mo

22,O

10.0

site #81
}BOA

- ilTeharrv CIay Loam

)6.r
24.0

r.6
1.6

grass

LB,7
25 .0

- Meharrv CIav Loam

84.0
r47 ,2

40 .4

1.58 O,45 0,2L
Analysis UBC only

K

grass

4.8

0.8
7,O

22,I

)? .4
27.4

P

L,?6
2,96

?4.2

4,1+

6.0

18.3

l1.B

Ca

0 ,54
L2)

44.2

52.2

L.54

5.0
?.o

0.J0

Mg

2L .4

0.19
0,2L

)0.4

0.)9

L .2?

3,09

0.14

0.24
I .11

5.O

24.r

0.2L

o.)5
L.)Z

r.lr

o,r5
o ,29

l- .6

o,2L

0,2)
0 .31

0.27

r.)4

0.16

0.15
o,97

0.L5

0.49

0.09
0,29

0.14

o,24

0.08

0.19 0.rl
Ì\)
Co
O



SAMPLE #

Site_#8z -
183.A.

site #83 -
186A

r87n

TYPE

Ivleharry Clgy Loam

grass 5.L 69 ,)

Cu

Sitejs4 -
190
t90A

Ercged Slopes Complex

grass
legume

Fe

Site_#8< - Waitg.ille Loam

InA grass 4 ,5 Lo7 ,4
I94A legume ? .4 410. B

Meharry CIay Loam

5.9
7.)

llftr

grass
Iegume

20 ,5

6? ,t+

68.)

site_#86
L9? 

^19BA

Zn

t+ .5
6,7

II,Io

L7 ,L

42.?
L8,5

L23,?
65.)

- Rose Ridee Assoc.

Site #87 - Rose Ridse Assoc.

1.0

28.6
L7,L

grass
Iegume

20I.[

26 .5
L4.6

I. 86

K

8.0
).o

5.2 71.8
8 .? 80.2

2J.l+
Lg.)

grass

28,8
4g .6

0,57

L,46
2.85

P

0,2
r.8

5.2 40 .6

0.15

0,44
r .24

13 .l
2) ,I

Ca

49,2
l7.B

L,26

7,0
8.0

o.22

o.29
0,24

Mg

L7 .8 20.O

15.t 7.0

o ,55

)o.4

L,2)
2,9L

0. tt

o,20
1.09

0.2)

l. 16

L,62

19 .5 10.0

0.12
0.30

L.52
),09

o,2J

o,23
o.)2

0.51
L.2)

L.46

0.18

o,3)
r. 14

0.28
0,24

0.50

0.15
0.36

o.25
L.49

0.24

0. r7
0 .10

o,20 0.15
N)
@



S¡.MPLE #

Site-#98 - Erickgon Assoc.
256 grass 5.9 55,L

Site #89 - Leary Assoc,
259 grass 5,9

TYPE

Site #90
262

Cu

Site #91
264
265

Fe

Sitt Loam to Heavy Clay Loam

grass

Mn

Undifferentiated Orsanic Deposits - Peat

Site_#92
268

grass 4.9 llo.r )9 .5 13 . B

regume 6 ,7 I83 .1 26 .5 l4.2

29.9

70.)

6.7

7.n

site #9J
2?o

27t

- Waitville Loam

LL?,g 24,)

Mo

15 .1

?L.L

grass

- Loamv Sand to Sandv Loam

N

B.o

22,9

grass
legume

5,6

L,25

K

1.0

22.9

7 2,3

5.2
5,6

a,l+3

r.23

P

2,0

29.8

54,6
78,2

0.lB

0.þB

L.63

Ca

5,O
I.B

2L.4

L0.2
2),)

o.22

o,22

o .52

Mg

L,)L
1.30

L,6

20,4
rB.3

0. 14

0,22

0. r4

o.65
L.66

L,63

8.0
4.0

0. 16

0,22

o,23
0.50

0 ,59

L ,22
2,86

0. r4

o,2)
L.22

0 .31

0.49
L,02

o,L5
0.28

0.23

0,25
o.43

0. tB

0,2L
1.40

0.16
o,32

t\)
co
t\.)



S.â,NIPLE #

Site_#94
273

274

TYPE

Waitville l,oam

site #95
277

grass
Iegume

Cu

SiE #96 - waityille Loam

2? 9 grass 4 ,5 66 .8

- trraitville Loam Assoc,

5.6
8,2

Fe

grass

sîte /197

28L

66 .5
6L.9

I\ñrl

Site #98 - Waitville C1ey-Loam

284 grass 4,5 L)o.z

4.2

Rockham CIay Loam

lB.1
rB. B

Zn

246.9

grass

Site #99 - Waitvillg ClaY Loam

28? srass 4 ,5 L)2,7

Mo

]-9.6
L6,g

27 .5

4.9

N

9.0
5.0

L2.L

44.6

59.2

I,25
2.9r

K

2.O

28,g

26.9

o.)7
L.64

0 .91

4.0

L7 ,4 rB. o

L9.4

0,23
0.14

Ca

r.2)

2.45

L9,2 10,0

28.5

o.2L
L.)5

Mg

0.14

o.77

t .l0

22.4

0.11
0.21

0,29

o.)2

o ,55

1.06

5.o

0.11

o.24

0.28

o.47

L.36

0. 16

O,L?

0.2?

0.4?

0.13

0 ,20

0.)6

0.u

0.18 0.14

N)
@
UJ



SAIV]PTE #

Site #too - waitv!-lle Loam

28g €çrass 5.9 L)7 '7
2go }egume 6.0 L)0 '2

TYPE

Site #JOl - Waitville I,oam

29) grass 5'2 ll}'1

Cu

site #ro2 - Waitville Loam

296 grass 4. B 56 '9
29? legume 5 .9 ?2,6

Fe

site #I03 -
100

Nh'r

site É104 -
302

)4.o
21.0

'Ln

Erickson ClaY Loam

grass 6.0 rrr.9

Êüg-ffq.5 - Erickson CIaY Loam

Jo4 srass 4'B IB8'I

Mo

24 ,L r4.0
rB.0 J.o

20.2

Erickson CIaY Loam

grass 4,5 121.8

N

16. B

58.9
l-8.2

I .44

).20

5.0

L? .4
1l .r

0.49
L,69

P

43,7

r. 20

8.0
5.0

036
036

Ca

2).0

L.)6 o ,67

insuf f , L.22
sample

20.6

o.7?

0.20
L,?)

Mg

1.0

L5,9

)6.)

0,22

0.lJ
0.4r

L.47

9,0

l-5.2

0.25

o,27
0.25

0.65

L.50

0.13

9,O

o,22
I.40

o,25

0. 87

r .22

0.14
O.Ió

0.20

0,27

0.88

0.19

o,28

0. 20

0 .lB

o,24 0. 13

N)
co
F.



SAMPLE #

Site #106

)06

Site #I07
)09

TYPE

- Kenville Assoc.

site #108

grass

Cu

- Eroded Slopes Complex

3L2

Site #109 - Peat
3L5 erass

grass

4.5

Fe

Waitville Loam

grass 4,4 62,5

sildffq - Peat
lI8 Frass

9r.6

5.6

Mn

Site #1I1 -
320
)2L

2).0

7).2

Zn Mo

r8. g

25.3

5,L

site #r12 -
)24

Duck Mountain Complex

N

2,6

grass
Iegume

20 .2

70.2

5L.2

4.8

I .44

K

0.6

206.8

2L.7

50.4

Waitville Loam

5.9
8.0

grass

0.60

L.66

P

67 ,4
L23,8

).0

L7 .)

)0.o

5.2

o,24

0.84

LJ6

Ca

).4

19. B

19. r
20 ,0

66.8

0 .16

0,24

Irle

o .53

I .31

r.8

rB.8
2? .7

48, 5

0.16

0,29

0,L7

o.77

l.3 r

4.0
3,4

20.8

0.r7

0,?.2

r.50 0 .7 2

insuff . L,79
sample

0,24

0.ó0

6.0

0.19

o,2I

0.20

I,20

0.14

o,2t

0. rg
o.)7

0.70

0 .17

0 ,19
r.18

0.27

0.12
0.)6

0.20 0.11 NJ
Co
Ln



SÀMPI.,E #

Site #1r2 -
3?6

Site #1I4 - Peat
)29 srass

TYPE

Duck Mountain Complex

srass 4 .g r4r.5 24 .?

Site #I15
n2
3))

Cu

site #]16 -
))6

Fe

- Erickson CIay Loam

grass
legume

6.6

tW:r

Site #I17
T9

Eriekson CIay Loam

grass 5,9 6L,5

ú? .?

6.2
7,4

Zn

Site #ffg Erickson Clay Loam

- Erickson Modified Phase

J42

Mo

16.9

39 .5

88 .6
65.5

Site #LLg

grass

)45
346

N

4.0

22,5 12.o

28.7
L5,)

grass

4.1 92.4

- Bench Lands Complex

1.31

K

I7.B
rl .1

grass 6,5
legume 7 ,7

35.r

5.9

L 3t+

L.t+g

P

4.0
I,6

16 .0

L0g.)

9.)

o.26

o .5?

1.50
2,98

Ca

5,O

?2.5

LL?.3
noR

25.2

0.18

0,27

0.90
I .4r

ME

L,34

9.0

ú.6

50.8
20.4

0. 14

O.IB

0 ,26
0,23

o.63

r.0?

8.0

*.)
10.9

0.16

0.J2
r.53

0.2L

0,74

T.4I

4.0
4.0

0.09
0.)z

0,27

0,20

r .41

2,O0

2,9I

0. 07

o,22

0.18

T,T7
I.5B

o.07

O.3B

0. 15

0.17

0.10

0.44
1.78

0.10
o,24

N)
@
o\



SAMPLE #

Site #120 - waitville Loam

348 éçrass 4,I 97 ,9

Site #121 - Onanole Sandy Loam

35L srass ),7 57,t
352 }egume ? .2 66 ,5

TYPE Cu

Si.te #L22
355

Fe

Site #123 - Waitville Loam

358 grass 5,L 44,)
) 59 legume 7 ,3 64 ,o

- Onanole CIay Loam - TiIl Substrate

Mu"r

grass

Site #124 -
362

2I.0

Ln

5.5 ?6 ,7

site #tz<
365

366

Mo

L5,4

44.3
2L,)

Erickgon CIay Loam

grass 4,4 8,0

N

5.0

- Rose Ridse Assoc. - Loam to Clav Loam

15.1
2J.9

34,2 22,L 20 ,O

grass
legume

1.10

K

6.0
5.o

10.0
L4.7

0.68

L,34

).L7

5,5 6(, ,5
7 ,O 50,2

?8.7
lB.3

0.11

0.65
1.10

24.g

Ca

1.58

7.0
2,4

o .29

0.19
o,29

LJ.9

16 .8
L2.I

Mg

o.77

L.36

).L7

0.07

o,24
l,69

2.0

v.9
2L.2

o .56
l. B2

0,25

L.2)

0 ,07
o,22

5,O

),4

0,25

0. 17

0.27

o,?2

L.5Z

3.)o

0.08

0,2)
L,7 5

0. 20

0,65
L.96

0.05
0.15

0.30

0. 15

0.r7

0.07

a.27
r,64

0.08
0,27

N)
æ{



SAMPTE #

Site #126 -
369
3?o

TYPE

Site #L?? -
)7)
3?t+

Waitville Loam

grass
legume

Cu

Site #I29. - Waitville Loam

377 grass 4.8 42,9

J?8 legume 8.9 56 ,3

Waitville Loam

grass 4.5 76.2
Iegume 7 J 81.7

6,9
4.t+

Fe

Site #I29 -

47.t
64,0

Ìv[1

38r
382

L2,3
26.r

Zn

Site #rlo -
)85

Waitville Loam

grass 5.2 L)8,5
Iegume 9.5 L76.0

Mo

18.6 ).0
L9 ,) 12.0

Site #131
388

33.0
?8,6

N

Eroded Slopes Complex
grass

2r.2 14.0
r8.3 ).4

- Erickson Modified Phase

28,6
L6,l+

r.50
2.96

K

grass

5.L

18.0 42.o
L4,4 6 .O

0.61
r,44

P

L9.6
25.4

L,)4
2,98

2L5,L

) .4 ]or .6

o.24
0,20

Ca

L5.4
L) .5

O. 84

r.50

54,O

L,47
).o7

o,22
L.)9

Ms

4.0
5.o

0.10
0.19

L3.4

2),I

0. r0
0.20

0.05
0.14

L.)L
2.)5

0.28
r.15

4.0

L,69
r,42

15.1

0,62
L,5)

0. 06

0.I?

l.28

J,4

o,43
L,76

0.2)
0.14

0 .18

0,95

0.09
0.19

o,28
I.0l

0. 85

0 .56

0.08
0 .11

0,24

o,2L

0.15

0.15 0.1r
N)
@
æ



SAMPLE #

Site #1?2 -
)9L

Site #rq3

TYPE

194
395

Erickson Modifie9 Phase
grass

Cu

Site #I-{4 -
)98
399

Erickson CIav Loam

grass 4.1
legume 6.5

5,2 l-06 ,7

Fe

Site #L)5
402

Waitville Loam

grass 6 ,9 42,9
legume ¿l.l 6? .o

Mlt

Site #146 -
t+05

Erickson CIay Loam

26.9

48.9
l+).4

7,n

gi-te-¿Uz -
408

grass

Mo

L5,4

l.9.9
Lg.)

Eriekson CIay Loam

grass 4,3 42,8

5.2

N

6.0

20,6
II. B

18.4
L) ,4

grass

t.36

7).9

K

7,0
0.8

L3.3
L4,3

o.63

L5,5

L,))
2.56

P

5,O 46 .Z

6.0
8.0

14.4

0. 18

o,65
0.79

50.0

Ca

1.00
2,48

6.0

0,23

O.IB
0,20

Mg

r9.0

27 .5

o ,5L
t .44

L.)3

0.13

0,2L
1 .49

5,0

LLI,7

0.09
0.14

0.65

l.l B

0.14
o .55

5,0

0. 16

L,02

O .IB

0.6 0

L,54

0.09
o.)5

0.18

0.1þ

0.71

0.12

0,2L

0 ,20

0.14

0,20 0.13

f\)
co
\o



SÀMPTE #

Site #I?g
411
4tz

TYPE

Sitg #I39
4tj
4r6

- Erickson Modified Phase
grass
legume

Cu

Site #14_0

4Lg

Erickson CIav Loam

5.4 67 .4
8.6 58.7

Fe

grass
legume

Site #14r
422

4z)

Erickson CIay Ï,oam

Mn

5,7 ?L,)
6.8 ?5.6

grass

site #143.
425

Erickson Clav Loam

58,6
3),6

Zn

grass
Iegume

5,O

Site #f4r - lgnghlan_ds Complgx
4z? srass 5,7 7) ,+
428 legume 7 .9 97 .2

Mo

2).7
IB .6

- Ericksdale CIay Loam

50,7
9,6

69,r

5.4
8.6

N

grass 6.1

4.0
2.6

18.6 rB.0
L2.? ) .4

26.8

L,4g
2.J5

6j.L
58.7

K

14.8

L4.3
I),6

o .53
0. 87

P

7 5,L

r.28
2,+O

5,0

0,09
0. 16

L7 .5
18. g

Ca

40,4

0.51
L,46

0.gB

?.0
4.0

0.J0
L.79

Ms

18.0

0,2I
o.2)

59.)
12.5

0.60

L,L5
),I2

0. 16

0.)6

2.0

0.22
1.J1

L6,g
L7 .0

0. r7

o .54
L,7)

r .55

0 .13
0.24

5,O
r.4

0,20

0.L7
o.22

o,43

rJ6
2.5L

0.11

0,25
I,20

0. 15

o.56
1. r9

0.11
0,)4

0. r8

0.15
0 .18

0.I1

0,20
I,4?

0.I0
0.26

l\)
\o



SÀMPLE #

sitg #I4þ
4)t

Þite #145

Ð4

TYPE

- Ma¡rinehurst Coarse Sandy Loam

Si-te #14á -
432

grass ).2

Cu

- Assiniboine Complex

Site #142
440

grass 4,2

Fe

Erickson Modified Phase

Site #148
441

qrass

74.7 26 ,B

Mn

- Erickson Modified Phase

site #r49

grass

99.)

4.3 76 .o

Zn

- Newdale Modified Phase

445
446

Mo

grass

ú.5

16.4

4,3 Ljg ,5

sitg #r50
448

- Newdale Modified Phase
grass 4.3
Iegume 9.)

N

r.6

2L.O

41, r

) ,6 118. B

- Newdale Modified Phase

r.06

K

0.4

10. 0

18.6

grass

0. 81

r .44

P

).4

76.4
241. B

14.4

9.6

5 .O 104. 5

0 .09

0.7o

o.9B

Ca

L,2

L4.J

L2.L
16 .8

0 .20

0 .12

Mg

1.04

o.9r

0.4

9.5
Lg.)

l-5,7

0. t0

0.15

0,L2

0.66

o.9)

J.o
2.0

L7 .8

0 ,14

0.19

0.15

0.66

L,02
z.4B

7,O

0.09

o,20

0.11

0.98
L,42

r.09

0.10

0. 16

0 .14
0. rg

o.6?

O,L?

0.18
0.8r

0.16

0.08
0 ,29

0.2I 0.11
N)
\o
H



SAMPLE #

Site #15I -
45L

site #r5¿
454

TYPE

Erickson CIay Loam

site #!5)
45?

grass

Cu

Waitville Loam

Site #154
460

grass

6,4 L)),9

Fe

- Waitville Loam

Site #155 - Waitville Lgam

46) grass 4,7 7L,9

grass

5.o

I\rn

- Waitville Loam

Site #Iq6
462

grass

JB,2

6? .4

Zn

4.4

Site_#1 (7

4?o

rB.6 16.0

Mo

28. t

B] .I

6.?

- Erickson Clay Loam

N

L6.)

grass

22.9

96.6

- Newdale Undulatine Phase

L.07

K

5,0

rB.5 12.0

grass

23.2

5.)

0.6I

L.25

P

10.8

16.r

69,9

5 ,o 54,) 22.L

0. 14

a.65

Ca

r.50

L.2

LB.7

3L.6

0. r7

0.15

0.6)

Me

L.6)

1.8

22 .0

0.10

0.2I

0 .57

0 .61

1.30

1.8

22,4

0,12

0,17

0.30

0.50

L,)4

5.o

0.rl

0.24

0.19

0.60

r.50

0,I7

0. 18

0,25

0 .53

0.11

o,26

0.10

0 .14

0.20 o.12

NJ
\o
f\)



SÀMPLE #

site Lr5B -
47)

Site #1q9
4ze

TYPE

Newslale Lgam tg CIay Loam

Site #160
4zg

grass

Cu

Assiniboine Complex

site #16r
48r

grass 5.O

4.1

Fe

Newdale Clay Loam - RoIIing Phase

Site #162
484
485

grass

74.8

IVbx

Assiniboine Complex
grass +,)

104.4

40. o

Z,N

7,8

!¿!e-ru2
4B?

Newdale CIay Loam - Undulating Phase

Mo

Lt+.5

grass
legume

20,o

83,4

site #L64

- Maninghurst Coarse Sandy Loam

N

r.6

490
lro r

22,6

6z. s

87.r

5.0
7,7

grass 5,)

- Newdale Clay Loam - Undulatine Phase

erass 6.? z6.o 3? .z 17 ,6

legume 9 ,2 L0) ,6 11 .6 19 . 0

1. r5

K

).0

LLz,6
L3L.5

22.9

49. B

0. B0

P

L.)g

1,6

IB.4

)7 ,5
L7 ,5

82.2 )2.)

0.16

o .5)

I. 89

Ca

I.0

l0 .6
10.0

o,23

o.22

0 .57

Mg

L.4g

3.0
r.2

L).6

0.u

0.16

0. 28

0.66

L,L7
2.24

L,6

0.10

0,26

0.30

o .59
I.I9

r .31

1.4
2.0

0.14

0,2I

0.14
0 .19

0.67

L.52
2. B0

0.Ir

0,2?
L,95

0.15

o '5t+
1.78

O.II
0.2?

0.)5

0 ,29
o,26

0. 15

0 ,24
r.42

0.11
o .22

¡\)
\.o
(JJ



SAMPLE #

Site #16:!
494

site #166
4gl

TYPE

- Newdale Clay Loam - Undulating Phase

Site #167
499

grass

Cu

Newdale Clay Loam - Undulatine Phase

Site #168
502

srass

6.o

Fe

- Erickson CIay Loam

site #169
505

grass

9 5.4

8.2

Mn

- Newdale Clay Loam - Undulatine Phase

Site #170
508

roB. g

grass

z7 ,4

Zn

no computer analysis

- Newdale CIay Loam - Rolling Phase

Site #17r -
5LL

5]-2

Mo

grass

15.1

77,2

7.t

- Newdale CIay Loam - Rolling Phase

2,6

grass

rI3 .0

24.?

5,)

Newdale CIay Loam - Rolling Phase

1.15

K

0.6

grass
Iegume

48. I

70.7

6.o

o,4)

1.30

P

L5 .2

50 .2

86.3

6.o
5.8

0.19

0.6 0

L.6)

Ca

L,6

L7 ,?

r0.5

95.4
BB. O

o,24

0,2L

Mg

o .55

I.4I

2,6

L6.2

)L.6
B.B

0. t0

0 .10

0. 28

0 ,50

1 .09

0.8

L4,g
L).4

O,T?

0.lB

o ,22

L.20

L.T2

1.4
2.8

0.rl

o,25

0,22

0.78

L,49
2.06

0.1B

0 .40

0 .07

r,25
0.97

0.11

0,))

0.11
0 .10

0.I¿+

o.32
1.61

0. 16

o .56 N)
\o
Ê'



SAMPLE #

Site #L72
5L5

site #U3
5r8

TYPE

- Newdale CIay Loam - RoIIing Phase

Site #r74
52L

grass

Cu

- Newdale CIay Loam - Undulating Phase

Si,te #L7 5 - Erickson CIay Loam

1?4 srass 4.4 100.2)É ,

grass

4.3

Fe

- Newdale CIay Loam - Roll-ins Phase

Site #L76
52?

grass

9r.?

+.6 L)L,)

Mn

sitg #L7? -
5)o

52.?

Zn

5 ,4 LOz.5

- Erickson CIav Loam

Mo

Ei!e-#ÀZg -
5J)

L6 ,5

grass

29.B

Waitville Clay Loam

srass 4,6 L46 .7

4.0

14. B r0.0

4j,) tz.B

5.5

Erickgon CIay Loam

srass 7 .9 L45.8

L.)6

K

220.0

II. B

0.47

L,2)

P

L,2

L6.4

J9.4

0.28

0.58

L.65

Ca

1.0

22,4

27.O

o,2I

0.2I

Ms

o .59

L,J)

2,0

L2.9

45,8

0,14

0 ,29

0.r5

0. 84

L.54

5.0

23,0

0. 11

o.2+

0. 15

0.82

r .06

0.2

0.16

o.j5

0 .22

o,?4

2.08

0. 16

0.)5

0 .rl

0,94

0. rB

0.11

0,29

0.12

0 .54 0 ,24

N)
\o
Ltl



SAMPTE #

site #17 9

fi6
53?

TYPE

Site #180
540

54r

- Erickson Clay Loam
grass
legune

Cu

Eit"._É.LA.L
543

544

- Erickson CIav Loam

6,4 80.o
7 ,2 99.6

Fe

grass
Iegume

Site #182 - Harlington TiIl-Substrate Phase CIay

54? Erass 5.0 140 . o L6 ,) ÌB . 9 24.0

- Kenville Series - Silty CIay Loam

Mn

4.9
6.4

grass
legume

q!lç_#-lg2 - Duck Mountain Complex

55O srass 4.4 87 .0 2? ,6

55L legume 8.2 72.9 9 .0

40,2
28.4

Ln

LJO .5
64.2

5.7
5.9

Mo

L6,)
L2.4

Site #I84
554

40.4
L5.3

258.)
r49. r

5,O
8.0

L6.2
9.7

46 .5
19. r

- Davidson Series (Sand)

I .41
2.46

K

o.6
6.0

grass

L+.7 14.0
L) .7 4.0

0. 83

r,5)

P

L.)4
2,24

4.4

0.26
0.2)

Ca

0.77
1.28

L,4g
2.5L

Bo.z

o.J6
I.] B

Mg

L6,9 14. o
L5.3 5.o

0.3r
0,22

o,65
L,2)

77 .9

0.L7
0.)5

0.gB

0 .11
1. 00

0,27
0.3r

16.B

0.69

0. gB

l.r0

0.15
0.1I

0.)9
I .44

2.0

o.24

o,63
2,00

L,26

0.17
0.26

0.27

o.22
0.28

0.6)

0.11

o.28
I ,54

0 .10

0.12
0 ,29

0.2? 0. 14 t\.)
\o
o\



SAMPLE #

site #rBq
557

Site #186
560

TYPE

- Vallev Series - Clay Loam

sile #197

grass

Cu

- Substrate Phase Clay Loam

56)
564

grass

5.0

Fe

site-#189 - Silty CIay Loam

56? erass 4. B 9L,9

- Silty CIay Loam

grass 5.7
Iegume 9,)

5L,) 29 ,5

4,)

Mn

Sit" 499 - Sandy Loam

57O srass ).9

LO|4.2

Zn

Site #190 - GilÞert Series - Sandy Loam

5?) grass ) .9 11þ.6 L9 ,4

Mo

2L,L

II.I

64,6
67 .g

Site #I9I
5?6

N

L,2

14.4

3 B.l
2L.L

Valley Series - CIay Loam

I.6B

K

).0

Ig.0
L9.7

LL6.?

grass

29.2

0 .53

1.09

P

4.0
2,8

15.B

42,o

5.0

o,27

0.64

L.55

3.25

Ca

6.o

20+,2

22,O

0,23

0.22

Ms

o .5?
L.7 5

I .l1

2.O

l.5.7

IB.0

0. 14

0.26

0.30
0.)3

0,79

L.7)

2.6

20,6

0.14

0 .10
L.77

0.28

o.76

1.04

o,6

0.16
0,2?

o.)2

0,25

0.51

L.20

0. 14

0,2?

O.IB

0.11

0. 15

0.18

O.IB

0.11

0 ,24 0.14
\o{



SAMPTE #

site._flf% -
579

site #r9i
5628

TYPE

Val}ey Series - CIay Loarn

!it"_É¿gl -
56 5B

5668

grass

Cu

- Lenswood Series Fine Sandy Loam

grass

5.7

Fe

Site #19q

56gn

Valley Series - CIay Loam

IOO. B

grass
legume

4.8

Mn

Site #I96
572n
57)B

- Swanford Series - Very Fine Sandy Loam

47 .?

6L.6

7;n

5,9
8.¿+

grass

Site #197

5? 5B

- Fyala Series Clay

Mo

18.4

20,3

89 .5
94,4

grass 4,4
legume 4,4

4,4

Site #r97
57 5B

N

4.0

28.0

- Rose Ridge Association Loam

4s.4
23,2

rI1.5

grass

L,2)

K

9.0

r8.7
17 ,7

- Rose Ridee Association Loam

28.O

69.4
68.4

0.70

grass

L,5?

P

5 .5 Lo? ,6

0.8
5,0

l-4.7

11.8
L0.2

0.21

o.77

r.60
2,26

Ca

5,5 L07 .6

0.4

D.5
11.2

0.)?

0.lB

Me

o.25
L.)9

2) .5

L,22

2.0
1.6

0,16

o.26

0. 19

0.20

L).3

2) .5

0.48

L.T2
2.o5

0.13

0,17
r. 04

),4

L).)

o,24

0.68
r.0l

r.70

0.15
O.JB

),4

o.27

o ,2t+

0.22

0.58

L,70

O. IB

0.27
O. BI

o,28

0.58

0.14
0 .41

o,37

0 .28

0.2?

0.J7 o,27
N)
\o
@



SAIVIPLE #

Site #I9B -
57BB

Site #L99 -
56L/.

TYPE

Vallg)r Series - ClaY Loam

Site #200

5û^

grass

Cu

Plan View Series - CIay

srass 4 3 DU .6 :-2.5

Eite-_#_ao! -
566 

^

5,L L26.L L4,9

Fe

- Rose Ridee Association Loam

Site #20? - Foley TiIl Subslrate Phase

5691, grass 5,8 Bo. o l8.l

grass

Mn

Foley Series - Very Fine Sandy Loam

site #2or
5? 2A

grass

Zn

) .6 92.0

Mo

18.5

Site #204
57 5^

7,6

- Plan View TilI Substrate Phase

N

r.4

grass

rr.7

18.1

56,0

- Berlo Series

L.20

K

).o

L6.6

grass

6,2

2.2 46 ,5

o.70

t.r7

P

I.0

7),0 )).)

6,5

o,25

Fine Sand

0.70

Ca

T,L2

r.4

26.4

lor. r 33 .0

0 .lr

0.26

Mg

0 .54

r.46

2,6

29.9

0. 20

0.31

O.IB

0.65

r.25

r.0

2r.g

0. lB

0,2J

0 .1I

o ,52

I,?2

).o

0.16

0.))

0. 19

o,+2

r .41

o,2I

0.24

0,2I

o.65

0.17

0,25

0 .14

0. 15

0.)2 0.2)

\o



SAMPTE #

site #205
57BA

Site #206

5BT

582

rYPE

Plain View Series Clav
grass

Cu

Site #207 -

- Berlo Series Fine Sand

585
586

grass 5,8
legume 10.0

5.4 69 ,6

Fe

site #208
589

P1ain View Till Substrate Phase

nfri

grass 5,8
legume ? .l+

Site #209 -
592

- ^A,gassiz Series - Loamy Coarse Sand

26,8

82,9
8l .1

?rn

Site #210 -
595

grass

Mo

IB. O

22,5
L4,)

Shallow Peat

236.3 l8.B 18.3
)?6 .o )) ,2 2L,4

É{rass

Site #211 - Shallow Peat

598 grass ? ,4

6,)

1.4

2t+,6 2.6

3L.) 12.o

LenswooÈ Series - Fine Sandy Loam

10I.9 29 ,g

grass

L,25

8.0

K

L)7 ,6

o .52

6,7

r.50
2,46

r.4
).4

LIL.2

0. rg

19.l

0.44
r.67

17 .o

Ca

r .4r
2.67

T,2

0,25

26,8

69,)

0.19
0,22

Mg

87 .4

o.49
T.L2

L.t+g

0. r5

0,4

0,24
0. Bg

L4.9

60,5

0,2L
0.20

0.6 0

L.63

0.14
0,)2

9.0

l-9.6

o,26
0.90

0.18

0.72

1 .11

).4

0. 16

0.39

0.25

0.12

0.70

I.7L

0. rB

0 .30

0. 19

0.70

0. rg

0.24

0 .16

0.16

0,32 0. 15

(,
Oc



SAMPLE #

Site #ZLZ
601

Ertú?Ð--
604

TYPE

Alluvial Complex

Site &IX -
607

grass

Cu

Peguis TiIl Substrate Phase

site #2L5 -
6ro

grass

7,8

Fe

Polson Ccmplex
grass 9.7 B) .9

Site #2L6 - Aeassiz Series
6l) grass 9,7 L)L6
614 legume 7 ,4 L)9,0

82,2

9.7

nhr

Racham Series
qTASS

LL,7

91. B

7-n

Site #2L7 -
6tT

Mo

14.1

)8,4

7,2

Site #zLB Duck Mountain Complex

Rose Ridge Association (Loam)

grass 5,9 56 ,o )L.9 lB . o

6zo

L24.t+

r.8

IB.5

6? .4

L,)9

K

2.O

25.)

2).2

grass

o.46

L.47

P

I.0

20,L

4l .g
22.L

5.r

0. Ì8

o.62

L.7I

Ca

).0

L4.2
L6,)

62.2

0.20

0.18

o'5t+

Mg

L.50

4.0
r.B

35.5

0. 19

o,25

0.16

0 ,56

L.22
2.BB

),4

L5.4

0,21

0 .44

0,20

0.7 5
r .44

L.4g

1.0

o,27

0.30

0.rg
o,2)

0.62

L .00

0. 18

0,25
r,24

0,20

0,76

0.16
0.2)

0.20

0. 16

0.19

0,2? 0.17 (,
O
H



SAMPLE #

site #2L9
62)
624

TYPE

Site #?20
6z?

- Blackstone Association (Cfav)
grass 6 ,7 69.9
legume 10.5 69 .6

Cu

Site #22L
6)o

Undifferentiated Peat

Fe

grass 7 ,4

Site #222
6))

Blackstone Association - Clav

Mn

grass no computer analysis

- Blackstone Association - Clay

636

)L,2
10.I

7.n

SLte #224
6lg

gra6s no computer analysis

55.r

-. Blackstone Association - Clay
grass no computer analysis

Mo

20,2
22,8

site_t?32
642

25.7

- Lenswood Series - Fine Sandy Loam

N

6.o
6,0

grass

28.1

- P1ain View TiII

I.1B
4.o5

K

I.B

grass

6,7

0.6 B

2,07

P

1.58

Irl.5

5,L

0.16
0.l1

Ca

0 .5)

no computer analysis

13 .0

7O ,5

0.2+
L,76

Mg

0. r4

no computer analysis

r7 ,6

9.4

0. t0
o.?7

0 .20

no computer analysis

L.2

25.2

0.14

r .44

9,0

0.69

r.lB

0,L2

0.48

0.20

0. rg

0.16

0,24 0. 18 (,
O
I\)



SAMPLE #

645

Site #22? - Gilbert Series
648 grass 6 .7 140.8

TYPE

- Lenswood Series

slte #228
65L
652

grass

Cu

2,9

Fe

Site #229 -

- Lenswood Series
grass 4.7 )lo ,9
legume 9. B 2l+l+,6

654
655

96.2

Mn

Site #Z'ì o

658

Durba[
grass 7 .l
legume IL.2

20,6

Zn

Site #2)L

Mo

2L,0

)6.8

- Gilbert Series

66L
662

grass

N

r.B

17.4

- Fyala Series
grass 4.8
legume 8.3

29,0
IB. B

70. B

83 .I

o,95

K

5,L

0.6

23.7 0.6
25,6 14. o

27 .)
L6.9

o.46

1.38

6B.o

P

11.6
IB. 5

0.16

0.43

l8.B

Ca

L,20
2.86

6L,j
5r,4

4.0
5.0

0.16

0.13

0.46
o,9?

Me

IB. B

25.4
B,)

r.07
2.5r

0.13

0.25

5.0

r7.4
23.0

o,L2
0.20

0.48
r.)7

1.70

0. 28

r.4
4.0

0,29
0.94

0,L2
0. 16

0.62

L.2)
2,24

0.19
0.11

0.30
r.05

0.22

0.46
1.51

0.20
0,29

0.30

o.20
0.18

0. 16

0,24
0. 86

0.18
0 .10

(,)
O(,



SAMPLE #

Site #7jB Kenville Series
68l+ grass 8,5 58.6
685 lesume 9.7 77 .9

TYPE

site #2)2
6BB

Cu

Site f240 - Pgsuis Series
69L grass 5,9 2L0 ,9

- P1ain View Series

Fe

site_#24!
694

grass

If.lr

Site #242 -
697

7 ,t+ L)2,9

- Kenville Series

54.r
2L.4

Zn

site_#241
?02

?0J

grass

VaIlgy_ Series
grass 10.1

Mo

15. T
24.5

5t+.7

8.5

site #24!
?06

- Peeuis Series (clav)

N

4.0
7.0

grass 4.8
legume L2.4

L7 .I

14. B

86 .1

r,52
).28

K

- Davidson Series

9,0

25,3

58,6

94,4

Iegume

0.67
2,00

P

L.39

0.8

37 .t 14. o

Lo9 .5
85.2

54.4

o.20
o,24

Ca

B.g

0.58

L.74

2? .2

32.5
r7 ,2

0.27
r,52

Me

92.5

0.22

r.06

L.66

4.0

L6 ,7 9.0
23 .9 l8. o

o.r7
o.35

27 .B

0.30

0,22

0. Bg

2.0I

25.L

O.IB

0.26

0,22

0. 86

r.30
) .4L

2,+

o.L2

0.3 0

o,20

0.60
2.09

3,?4

0.19

o,3?

o.?)
0.28

2.47

0,22

0 .31
r.)4

0.28

o,I7
0.)2

L.7 5 0.3r
(,
O
È.



SAMPTE #

Ðite #22? -
665

Sitg_t?)2 - Valley Series
668 grass l+ .5

TYPE

Foley Series
grass 4. B

Site #234
67L
672

Cu Fe

Site #2j( - Unelassifigg
6?l+ grass 8,5

- Unclassified
grass 6.2
legume 7 ,7

118.5

Mrrì

677

65,L

74,)

Zn

Site tz)? - Kenville Series
680 grass 6,2 l-B),)
68I legume 8,7 99 ,5

- ShaIIow Peat

gB,2

105. B

Mo

r7 ,5

30,3

grass 5. B

N

2,O

l.6,)

l-5,2
LO,7

?4.2

T .28

K

2.6

)2,3 I0.0
L7,4 g.O

2L.?

6 8,4

0.78

r.00

P

L7 ,6

6,5

0.20

0.50

r.44
2.50

Ca

),4

rB.6

56,4
27 ,9

0,25

0 .1r

Me

0 .55
L,25

L.25

I.2

19.2
23.2

0. r7

0,20

o,L2
0.15

0.38

L.25

5,O
4.0

0. 14

0.24
1 .60

0,L5

o,73

L,)4
).02

0.14
o,25

0,24

0,19

0.52
T,7T

0.12

o.25

0 .16
0,2)

0. rg

0,25
2.OO

0.u
0.28

(,
O
Ltl



SAMPTE #

site t245 -
709 grass

TYPE

7L2

site #z4Z -
7I5 grass

Cu

grass

4,6

Fe

Site #249 -
72L grass

2)8,2

4,4

Mn

Site #2(0 -
7?4 grass

Lo5.5

grass

34.o

Zn

7,0 146 .1

Mo

Site #25L -
7?7 grass

13.9

7.8

5.L

N

).o

L4.6

40.5

99,4

4.8

0.77

5.0

29,2

26.8

64,9

5,I

0,2?

L.42

P

I.B

12. B

4),0

BB. O

r.8

0.14

0.80

Ca

1.0?

8.0

27 .9

12,7

90 .0

0 .31

0 .19

Nrg

0.58

r.04

0.6

L6.g

L2.O

0. 16

0.J0

0.12

0,69

L.62

L,2

9.2

o,2L

0.28

0 .1I

1.3 B

L.65

L.2

0.17

0.25

0 .19

0.90

0.75

0.11

0.70

0.2)

o .5)

0,2)

0.40

0 .10

o.22

0 .18 0.Il

(¡)
O
Õ\



SAMPLE #

Sitg #2\2 -
7)O grass

Site #253 -
7)J grass
?)4 legume

TYPE Cu

site #z* -
7)7 grass

7)B legume

2.9

Fe

Si,te t25q - BlasFstone Association (glay)

?4L grass ? .? 95,? 2L,4 29 ,L

66 .5

Mn

).7
4.4

SLte #ZíZA - Blackstone AEæcigtågn JClav)
?)Z grass 4 . þ 6I.6 lf .l L5 ,6

Zn

50.7
55,6

B.l

).7
B.B

Site #2(?A - Blackstone Association (CIay)

7)5

Mo

10 .3

12,7
14.8

55,6
55,2

SLte #254! - Blackstong Association (CIav)

?)B srass B . B 55 .2 20 ,I IB .3

5.0

r0.4
7,J

5L.2
20,I

1.14

K

t.6
I.0

14. B

rB.l

o.66

1.10
r. 87

P

r.6
r.4

0.16

0 .61
0,65

Ca

0. 85

2.94

0,22

4.0

0.2L
0. r7

Mg

o 34
1. 16

L.50

0,L7

0.3I
L,7B

2,O

0,L2
o.26

o,96

r.50

0.22
0.))

0,22
0.70

0.lI

L,59

L.42

r.4

0.ll
0J4

0 ,54

0,2)

0.19

1.r4

0,2)

0.)z

0.81

0. 87

0.20

0 .31

0.16

0.19

0.J0 0.r7
(,
O
-J



SÀMPLE #

Site #26i -
77r

Site #264
774

TYPE

Leary Association

Site #26\ -
777

grass

Cu

- Edwards Association

síte #266 -
780

grass

6 .z 116 .0

Fe

Edwards Associ-ation
grass 6 .6 81.9

si,te #26Z -
7B)
784

4.8 94.9

Mn

Edwards Assogiation
grass 4,4 69,8

57 ,2

Zn

Site #268 -
787

788

Leary Association

Mo

grass
Iegume

22,5

58.6

Sit=e #269
?9L

N

Edwards Association

r.4

L? .L

L5.5

7 .4 55,6
4.4 53.5

grass
Iegume

L.3)

K

r.6

27 .7

- Leary Association

)3.e

4.8 9 ,5
8,5 60 ,4

o .54

grass

L.2)

P

4.0

l6,)

20 ,5
18 .7

0.11

0.62

L.65

Ca

5,4 L)O.7

6.0

11.9 5.0
L6 .4 20.0

4t.6
L7 .3

0.lr

0.19

Mg

o,?o

L.22

L7 ,4 20.o
L6 .g 4.0

O.IB

o,28

0.L7

o,+5

24.O

1.04
2.56

0.14

o.)2

0.14

rB.8 14.0

0.4)
1.15

I.20
2.)8

0.14

0.21

0.13
o,L7

0 .59
L.49

L,L?

0 .14

0.28
L,I+5

0. 19

0.16

0.ó0

0.14
0.28

0 .24
L.)2

0.L2

0.14
0 .22

0,25 o,I5 O
Oo



SAMPTE #

Site #270 -
?94

?95

TYPE

Site #2?L - Edwards Association

-+

?98 grass 1.8 % .9

Plainview Clay
grass ) ,6 LB7 .9
Iesume 6.2 L06,2

Cu

Site #272 - Garson Complex

BoI grass 4.0 L09,5

Fe

Site #27i Selina Sand

804 grass 9. f

n&'r

Site #2?4 - Selina Sand

807 grass 2,9

t5.?
rr .3

Zn

slte #274A
810

BTT

Mo

17 .0 L,6
22.+ 28.0

9,2

SLte L275 - Meharry CIaY Loam

814 srass 5,8 257 .)

- Meharrv CIay Loam

N

r07 .0

BI .]

grass ).6
legume 4,3

9,3

L,2)
3 .0r

K

5.0

)6,7

54,5

94.8

0,62
0.77

P

r.09

2.6

r9.4

25,8

BI .7

)7 .6

0.18
0,25

Ca

0.60

L.52

),0

L4 ,5

9.5
9.2

0,36
r.5?

Mg

0.23

o.54

2.99

2,O

22.6
L7 .5

o ,20
o.42

19.B

0.3)

o. 06

L.3j

L.02

1.4
r.6

20.8

0.14

0.45

0.21

o.47

r,)9
2.)2

).o

0.21

0,)4

0.11

0 .56
0. B0

4. tr

0.)2

0.26

0.2)
0,23

2.26

0.2J

0.22
0. Bg

o.))

0.lJ
O.JI

0,29 o .22
(,
O
\-o



S¡,MPLE #

Site #276 - Meharry Clav Logm

8L7

BTB

TYPE

Site #2?7 -
BzL

grass
legume

Cu

site #278 -
824 grass

Rose_Eidge Assoc. (Loag-to CIay Loam)

grass 4 ,? ? 5 .2 L9 ,4 2L.? 4.0

3J 67.4
7 .6 70.2

Fe

slte #279 -
B2?

Ivf:t

Site #280 -
Bl0

Garson Complex
grass 4¿ 7),5

)9.6
IO.6

Zn

Site #28I -

?.2

Mo

Garson Complex
grass 4. o 65.3

83)

Ð4

L6,) 1.6
?L,g l-6 .0

72,3 L)5,r

Sîte #2Bz - Garson Complex

BjZ grass ? ,2 143.8

N

Edwards Association
grass 10.1 5) ,9
legume I0.I 29 ,B

L.22
2.34

K

22.O

L5.2

0.90
1.08

P

I.58

L.2

10.7

L4,9

0.I0
0.15

Ca

1.09

?.o5

1.0

lg. B

2r ,2
11. J

0.31
I,6?

Me

0.18

r.10

L.)9

5,0

2) ,? 2,0
2) .3 10.0

o,L5
0.50

)4,)

0.28

0.19

L.2?

L,9?

2L,5

0. rg

0,2I

0. 13

L ,29

2,66
4,Lj

I .l+

0.14

o.25

o,29

2.0)
2.O7

2,Lt+

0. 16

o.29

o,32
0,2?

L.55

0.17

o,)5
L .28

0.31

0.35
0,45

0,)J o,22
(,
O



SAMPLE #

site #z8q -
840 grass

site #284 -
B+) grass

TYPE Cu

5.4

Fe

849

r37 .4

site #287 -
85? grass 5.0
853 legume I).4

grass

6.6

Mn

grass

16.B

B) ,l+ LOI+.)

Zn

6.2

Site #288- -
856 grass

L92,1+

Mo

L5.?

5.8

site #289 -
B5g grass

2,0

22.8

294.L

66.4

LJ4

K

L,2

L)7,4
84. r

27 ,0

40,3

5.4

0.72

1 .80

P

0.8

r? .5

2L.4
18,7

238.2

5,8

0,22

o,82

Ca

1.þr

L,2

13 .r
33,L

I10.9

9).9

o.25

0.I0

Mg

0.64

0 .9r

r.4
8.0

L).7

Br .6

0.20

o,24

0. rl

0.4r

0.gB

3.?)

L,2

LL ,2

0. 12

0.38

0.09

o,47
I. 16

L,25

L,6

0,25

o.))

0. 19

0,22

0.3 B

L.20

0,2)

o.32
1. 83

0.07

o,49

0.31
0.6)

0.27

0.05

0,77

0.26 0,L2 UJ
H
F



SAMPTE #

Site #290 -
86?

B6)

863
Rerun

TYPE

grass
legume

Cu

+,9
I .l+

Fe

si,te #293

grass

?8,6
9L.9

Mn

870

Site #294 -

grass

4,1+

49,4
25,2

Zn

87)
B?t+

grass

56,7

Mo

L2.5 ) ,6
23 .B 6t+,0

50.0

I+.9

Site #295 -
877 grass

grass
legume

28.7

N

54,2 L43 .5

4,5

L,L5
3 .4r

20. B

K

64,2

5,7
?.2

0.55
2,06

2,O

100.5
6t+,?

22,7

26,6

4,2

L,23

o.L2
o,36

Ca

L,4

L7 ,O

2L,4
9.7

88.7

o.t+7

1.50

0,2)
0. ?o

Mg

4.0

r8.4
L4,7

99.0

0.16

L.3z

0,22
0.49

0. 85

),o
4.0

8.9

0,22

0.08

o.36

L,3)
2,L)

2.6

0.14

0,24

0.07

o.75
1.04

O. BB

0.09

0,24

0. 16

0,L7

o.24

0.13

0.30
r.14

o,12

0.19
0.20

o.?B 0 .IJ

N)



SÀMPLE #

si,te #296 -
880

Ð3s-t321- -

TYPE

883

884

ßrass

Cu

site t_298 -
BB7 grass
BBB legume

grass
legume

5"L

Fe

Site #299 -

69.2 rtr. r

).8
3.8

Mn

B9r
Bg2

Sil:e #300 -
895 grass
896 legume

45.o
70. B

Zn

2.2
6.5

grass
Iegume

Mo

i3.3

7,L
L6.2

Site #3OI -
899 qrass

)L)
58.1

).6
7.)

r.4

6,5
L2.2

)6 .5
14.0

0.88

62.6
9r.9

K

I,6
r.0

+.5
).3

15,9
L7 .5

o,42

0,80
2.94

L).)
)0 .5

P

174.7
g+.o

5.0
2.O

bo

0.17

T2.)
rg.4

0.42
a.g2

Ca

rl .0
7,0

o.99
2,J7

4o .6

o,27

1.4
9.0

0.11
0.24

Mg

0.68
r.l0

u.0
L7 .9

46.r

T,L2
4.)z

o ,20

0.20
0.I0

r.4
1.8

0. 17

0 .17

L6 .7

0.48
0.9r

0. 15

0.30

r.17
),46

0.28
0. gB

0 .16
0.3r

L.2

o.65
r,29

0. r4
0.19

L.)4

o,))
L,64

0.19
o.29

o .59

0.20
0,4?

0.28
0,?2

o,L7

0 .15
0.34

0.27 0.rl
Lo

(,



SAMPLE #

Site #302

902 grass

Site_#roJ -
905 Êrass

TYPE Cu

site #loá

4,9

Fe

91r

grass

fi.7

7,)

Mn

262.?

Site #302 - Selina Sand

9L6 srass 3,4

grass

r0 ,4

6,o

Zn

Site #308. - Garson Complex

918 srass 4.4 ]-3t+,9

L)8.9

Mo

II.J

grass

49.8

5,7

N

5.o

29.8

I18.4

4? .7

),8

1.04

L.6

f 04.l+

20.0

2),7

0.4)

I .18

P

0.4

24.8

L)5,9

2).I

0.13

0.42

Ca

0. gB

1.6

IO.2

54.6

o,29

0.14

0.24

Mg

r.50

0.8

20,3

44.2

0,I7

0.40

0.09

o.45

0.99

o.6

20,6

0 .29

0,24

0.14

0.40

0.79

1.0

0.20

0,26

0.12

o,29

0. 87

0 ,22

o,2)

0.05

o,23

0.21

0.2L

0 .05

0. 14

0.28 0 .16

(,
H
È-



SAMPLE #

Site #309 - Selina Sa¿d' TilI Substrate-Phase
g2o grass 4,4 I32,) 6) .t 19. o

Site #lto - Selina Sand

92) grass 4,5

TYPE CU

Site #ll,t - Se1ina Series
9?,6 grass 4,5

Site #)L? - Garson Complex

929 graËs J ,4 52,4

Fe Mn 7.n

Site #r13 - Garson Complex

932 grass 6 .0 BI . J

Slte #qI4 - Garson 9omplex

Ð5 grass 5,) 70.8 L02,)

46.)

Mo

Site #qrå - Garson Complex

%B grass 6 ,o 45.9

97 ,+

40,2

L.2

21.0

L,9

0.79

r.0

rl.5

L6.9

0.40

I.18

P

4.0

L5.9

L6.2

0.05

0,4)

Ca

L,20

L,6

2L,4

0,27

0 .07

Mg

o ,59

0. 88

0.8

L7.)

30.8

O,?B

o.27

0.12

0,)7

1.38

r.4

r7 .7

0. 19

0.3r

0.10

0.39

r. r7

0.8

0. rg

0. 19

0.u

0.50

1 .IB

0.11

0.)2

0.08

0.49

o,22

o,2J

0.16

0.13

o,29 0.tB

(,
H
Ltt



SAMPLE #

Site #316 -
94I grass

Site #417 -
9Ð grass

TYPE

Site #3rB -
946

947

Cu

5.3

Fe

E!!e-Éåz
950

Edwards Association

L98,9

grass
legume

),8

Mn

Site_É?20 - GarEon Complex

9fi srass 6 .B L)L.|

- Selina Association - Selina Sand

287 .)

24,2

?rn

6 ,5 gB.1

9 .9 r)2.6

Site Éj2I
o<A

grass

Mo

2L.L

14.4

sîte t222
959

4.9 )4o.)

- Edwards Association

N

0.6

21.I

L6.4
L6.4

grass

- Duck Mountain Complex

I,36

K

r.4

20,4
26.?

grass

L5.7

6 ,L rþ8.5

0.70

L.39

P

1.0
5,0

I}. J

44.5

5.)

0.18

o.)5

L.52

).02

Ca

L,2

L9,?

28.1

BJ .1

o,)2

0.18

0.)3
L.25

Mg

0.87

0.8

)L "7

5J.7

0. 21

0,26

o.r2
0 .20

0.1B

I.]B

2,0

2r.7

0 .20

o,34
1. 87

0.u

0.44

T,6J

r.6

0.J0
0.)7

0 .30

0,lJ

0 .59

L.47

0.18

0.35

0 .11

o,64

0.28

0.3)

o,L2

0,2L

0.21 0,2I LD
H
cr\



SAMPLE #

Site #az3

962

Site #?24 -
965

TYPE

- Edwards Association

sîte #325
968

grass

Cu

Agassiz Association
grass 9.9 9),7

site #1004
L)02

6 ,5 )Og ,4

Fe

- fsafold Association

Site á1014
13oþB

L)05

grass

Mn

- Edwards Association
grass

Zn

18.J

5 ,7 84.0

Site #1024 -
1]OB

]-309

- Edwards Association

Mo

grass
legurne

2L.O

3L,4

4.9 82,6

N

1.6

30.)

5.2 1044.5
IL,2 6t7 .Z

B.B

grass

legurne

K

L.20

L,6

26.4

)2,2

2,8

5.9

P

0 ,54

3,09

L,2

L4,5

99.o
42.5

L05.6

T76,8

Ca

0,L5

r.16

2.69

r.4

32,9 L2,0

lo.r 24.o

L2.4

r7.6

Mg

0.40

0,25

0.46

o.9)

17.B

26,r

0,22

o ,5)

0.08

0.99

o.64
2.29

),o
2.O

0.38

0,25

0.J5

o.g5
225

insuff. I.04
sample
2.L) 2.40

0,2J

0,27

0.28
o.)5

0.09

0.28
r.lr

insuf f , 0,29
sampl e

o .28 0. 89

0.IJ
0.lB

0.10

0.)4

L,
H{



SAMPLE #

site áIo3¿
L)L2
L)L)

TYPE

Site É1044
t)t6

Dauphin CIav TiIl Substrate Phase

grass 4.2
legume 6,9

Cu

Site #r05¿
13 t9
r)20

- Keld Assoc. CIay Loam to CIay

Fe

grass

Site #1064
r)2)

- Dulton CIav Loam

3L+.4 L9.7
jL4.t+ 3r.I

Mn

grass 4.2
Iegume 5,9

5.9

Site #1074
L)26

V,n

- Meharry Clay Loam-Deep Phase

)92.9

site ár0BA
L)29

grass

Mo

17 .5

31. r

- Dutton Clav Loam

l.27 ,7
260.3

9.7

grass

5,6

N

0.8
4.0

Meharry CIay Loam-Deep Phase

19 ,5

Lg.4
L).2

I,00
L.92

B}. B

grass

K

?.6

r.4

L3 .9 L.7
2L,B 10 .0

255.4

I.7B
2,4L

9,4

8.7

0.9)

0.20
0.18

2).2

rB. B

Ca

64,9

1.08

I.]B
L,7O

0 .41
0.84

L.6

28.4

Mg

)2,4

0 .09

0.92
1.68

L,58

0.25
0 .46

0.4

24.0

o.20

0.L7
0. 15

L.27

L.95

0.4

0.L2

0,26
1 .00

0.lJ

r.6 5

2.L4

0.14
0.3)

0.35

0.25

2.tr

O.IB

o,29

o,26

0.))

0.J0 0,2)

L¡J
ts
co



SAMPLE #

Site #109À
L))2

Site #1104 -
L33 5

TYPE

- Meharry Clay Loam-Deep Phase

Site #1114 -
LTB
Ln9

grass

Cu

Gilbert Sandy Loam

grass 6.6 L47 .4

6.6

Fe

Site #1124
L342

Meharry Clay Loam-Deep Phase
grass 4.9 L32,6 lo. o

legume 7 "6 106 .l 12.4

L22.8

Mn

Eite #nql
LJ45
1)+6

Meharry CIay Loam-Deep Phase

27 ,6

Zn

grass

site #1144
TJ49

- Gilbert Sandy Loam

Mo

l-9,7

54.4

grass 5 "2
legume 4.4

4.2

N

2.0

L9.g

Meharry CIay Loam-Deep Phase

62.4

L,55

Frass

K

0.8

L7,g 6.0
20.7 16.o

86 .0
33,0

LL .2

r.60

2.Lt+

P

4,4

rr.5

2? .6

9,2

0,22

I.48

Ca

84.?

L,25
2.85

2.4

15,4
8,5

0.26

0,24

Mg

52,6

0,96
I .48

r. r7

2.6
2,0

0 .17

0,)5

L).)

0. r0
0.23

L.6)

L.62
L.97

0,20

2.4

o,)2
1.01_

o.I2

r.7B
t.0g

r.00

0.15
0,45

o,25

o.20
o,20

L.52

0.2r

0,)?
0. 87

0. 13

0.15
O .IB

0,)2 0. 16

(,
H
\o



SAMPTE #

Site #I164
IJ52
r35)

TTPE

Site #1164
L)56

Meharry CIay Loam - Deep Phase
grass 6.9
legume 9,2

Cu

Site #1174
L3 59
L)60

- Meharry Clay Loam-Deep Phase

Fe

grass

Site #tl8A
L)6J
r)64

- Meharry CIay Loam-Deep Phase

IOB. l
LOs,4

I\hI

grass ),4
Iegume 5.5

),4

39.7 17 .o
L5J L6.+

?rn

- Meharry CIay Loam-Deep Phase

LO6,2 7 ,O

grass 3,7
legume 8,6

Mo

57 .7
143.I

N

r.4
2.0

L2,6

L2,6
L5.2

1. 84

).06

K

48.?

73,9

?.o

11 .6
I2. B

2.L7
l.7B

P

L7 ,9
25.7

r.07

0.8
0,8

0.19
0.18

Ca

L2 ,4
22.6

1.10 l.88
insuff. l.89
sample

o,7)

0 .31
1.30

ïvlg

0,2
5.o

0. 13

I .18
2.46

0.10
0 .10

0 ,26 0,Jz
insuff. I.0B
sample

0.21_

L.46
2.40

0. t0

0,2I
0 .22

0.1r
0.25

o,)4
0. 87

0.rl
0. rg

UJ

o
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Appendix IVC

Analysis of variance for nutrients between

forage types and geological areas



So urc e

TotaI
Between
Within

So urc e

Total
Between
Within

Source

Total
Between
Within

Analysis of variance for different nutrients between fg"?qg types within
the :-.975 survey area. *significant at p<O.OO5.

Copper
df MS

448

2 248.04.,s

446 2.64

Zinc
df
448

2

t+46

-MS

B,)54.)L+
34,84

df
448

2

446

Iron
MS

4,3 5t.92
6 ,Lzo .50

Magnesium
df MS

44t+

2 1 ?4l'6#.
442 o.oo58

Nitrogen
df MS

441

2 lr0.02B1r+
4Jg o.ozçL

Potassium
df MS

444
2 16.63Bt+

442 o. r54o

Manganese
df MS

448
2 L4 ,566 .J? x

446 T) .6?

Pho sphorus
df MS

44)
2 0. 1149*

\L+L o. 0046

Molybdenum
df MS

448

2 280.35x
446 2? ,24

CaIc i um
df
444

2

442

MS

4l .1585"
0. 0411

(t
f\)
Î.J



Analysis of variance for molybdenum
and west of the eastern boundary of
survey area.

r+P<O ,o25, r+*P<g .005

Souree

Total

Between

Within

Native
df_

35

2

3)

levels of different forage types
the Ashville Geolo¡¡ical Formation

grass
MS

4,82#'

o,92

Improved grass
df MS

29B

2 I35,LJxx

296 rg.6?

between areas east
within the I97 5

Legume
df MS

LT3

2 B.B2

rlr 54.04

(,
1..)
UJ
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Appendix V

1-976 Soil and Forage Survey
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Appendix VA

Site location and sample description



I 976 FORAGE AND SO I L SURVEY
*Native grass species

2

Twp. Rge. Sec.

21 ì6 32

2t t5

2t ì6

- SITE LOCATION AND

21

2l

21

2l

2l

2l

2l

22

22

22

22

22

7

I

UTM x I 00mtu
4539 56338

4621 56330

4589 56297

3r

06

r5

r4

r3

12

l0

0l

03

05

05

l4

OB

lì

12

ì3

r4

r5

SAMPLE DESCR I PT I ON

r5

t4

46gs

4zsa

48;¡

4%2

4688

\7 37

\7zo

\727

4684

4623

4596

4535

0_6', 6_21+,'

SAMPLE

SOIL

ì4

t4

t5

r5

ì6

r6

56250

56248

56255

562t+7

56281

56274

56320

56llt

56372

56379

563 88

56Te

NUMBER/DESCRIPTION

30

oB

4

VEGETAT I ON

G rass Legume

3t,

6

g'k

l2

l5*

ll

l0

r8

l3

B

r3

16

il

r8

22

25

28

32

35

38

4z

45t7

r4

t7

l9

23

26

29

33

36

39

\3

\6

20

z\

27*

30

3\

37;,

40

44

47

2l

3l

4l

48 (Ð
l\)
o.



Site #

l6

t7

r8

Twp. Rge.

22 17

22 16

ì9

20

21

22

23

24

25

26

27

28

29

30

3ì

23

23

23

24

24

24

24

25

25

25

25

24

2\

25

Sec.

ì3

30

05

t7

2B

21

o7

2l+

36

lì

ì6

t3

o2

33

ì9

07

r6

t6

r6

l0

l0

il

ll
il

ìì

UTM x ì00mtu
4so4 51390

4526 564t 8

4529

4531

4537

5t38

5l 00

5083

5 083

5069

5035

4989

4968

t+%5

4898

48ge

SAMPLE NUMBER/DESCR I PT I ON

SOIL VEGETATION
0-6" 6-24" Grass Legume

49 50 5r

52 53 5\ 55

564\l

56488

56517

56589

56568

56588

56632

56654

56680

56619

S66t+0

56622

56588

56681

12

56

60

64

67

69

72

75

78

8t

B3

85

BB

9l

93

l2

12

57

6r

65

lì

l2

58

62

66

68

70

74

76

79

8z

73

59

63

7l

86

89 90

77

8o

B4

87

9\

92

N)
\j



Site #

32

33

34

TwP.

26

26

27

27

26

24

z4

24

23

24

2\

23

z4

z4

z\

z\

35

36

37

3B

39

4o

4ì

4z

43

44

45

46

47

Rge.

ì3

l2

l2

l2

l2

Sec.

l2

29

07

t7

05

t3

r3

05

20

12

08

22

12

07

03

2l

UTM x

E

4Bg4

49r5

4909

49r 3

49rB

4BB I

4684

4730

t+llo

4783

t+Bz4

4646

45gz

4505

4454

4630

ì00m
!_

56757

56802

56854

56892

56735

56572

56573

56550

56503

56556

56556

5651 4

56557

56558

56552

56607

t3

t5

t4

ì4

t4

ì3

ì5

t6

t6

17

SAMPLE

SOIL
0-6,' 6-24"

95

98 99

NUMBER/DESCRIPTION

l0l

r04

107

ì09

VEGETAT I ON

Grass Legume

96 97

I 00k

103

I 06't

I 0&k

ì lok

ì02

ì05

t5

ill

lt5

|7

120

123

125

129

132

135

139

ltz il3

il8 il9

l2l

| 2\*

127

130

r33

t37

r4t

126

il4

lì6

136

ì40

122

128

ì3r

ì34

138

L,)
N)
Co



Site #

4B

49

50

5l

52

53

54

55

56

57

5B

EO

6o

6t

6z

6l

64

Twp. Rge.

zU 15

z5

25

z6

26

z7

27

28

28

28

29

29

29

29

29

29

29

Sec.

34

ì0

27

t5

r5

r5

UTM

E

465 I

465 I

46sz

4653

4653

4636

4636

4637

46ol+

4632

46ll

4669

45 98

4556

4507

\5oz

4464

l5

t5

t5

ì5

ì5

t5

t5

l5

r5

16

r6

r6

t7

t7

X I 00m

!_

56629

56662

5670t+

56771

56820

56850

56890

56920

56926

56970

570ìo

57032

57028

57049

57033

5700\

57002

34

o4

2l

SAMP L E

SOIL
0-6" 6-24,,

t\2 ì 43

09

ì8

NUMBER/DESCRIPTION

t45

ì48

152

ì55

r58

162

t65

t68

170

173

176

179

t82

t84

ì86

t89

29

04

r4

12

22

IB

0ì

03

t46

149

153

156

r59

163

166

VEGETAT I ON

G rass Legume

I 44*

t4¡'.

r50

ì 5hk

t5v,

160

l6q*,

167

r5r

r 7r

t7\

177

180

r6l

172

175

178

I B I'k

183

169

187

.l90

I 8&k

lgl'k

r85

U)
l\)
\o



Site #

65

66

67

68

6g

7o

71

72

73

74

75

76

77

78

70

80

8ì

Twp.

zB

28

28

27

27

25

z5

z4

25

25

25

26

z6

26

27

28

zB

Rge.

t7

Sec.

z4

t0

09

22

03

30

IB

2t

20

22

25

07

t9

2l

t3

l2

25

17

t6

UTM

I
45oz

4465

t+E5o

4ss4

4ss4

4612

46tz

4538

4337

4¡s s

43os

\309

43ro

1ú49

4305

4306

43 08

ì6

t6

l5

t5

r6

r8

IB

t9

r8

r8

r8

l9

t9

t9

X l00m
I

56960

56932

56927

56890

56836

56717

56680

5661 2

56690

56703

56717

567 45

56803

56803

56875

56923

56984

SAMPLE
SOIL

0-6" 6-24"

192 r 93

t95

t9ï

NUMBER/DESCRIPTION

199

201

203

206

209

212

215

2tB

222

226

229

232

236

239

VEGETAT I ON

Grass Legume

I 94*

t9o

r98

200

202

205t'

zoBi,

2lì'k

2t\

217

zo4

207

210

213

216

2lg

223

227

230

233

237

z4o

220

22\

228r.

231

234

238

z4l

221

225

235

z\z (,(,
O



8¡

84

85

86

B7

88

Bg

90

9l

9z

93

9\

95

96

97

Twp. Rae.

29 t8

29

29

3o

30

3l

3ì

30

3o

3o

3o

30

30

3l

3l

32

r8

r8

IB

r8

r8

ì8

r8

t7

t7

r6

r6

r6

t6

l5

r5

UTM

E

4:24

4lz4

4llz

4¡77

4lll
4lzo

4lzo

4s4z

44lz

4474

4slo

4szl

4576

4577

4606

4619

20

27

il
27

29

t7

32

t7

l4

IB

20

z6

t4

3o

t7

l00m

I
57010

57054

57067

57 122

57 t70

57268

57232

57 t90

57131

57131

57131

57t\2

57172

57228

57260

57326

SAMPL E

s0tL
NUMBER/DESCRIPTION

247

249

252

255

259

z6z

265

268

270

273

276

278

z8o

283

zB5

VEGETAT I ON

G ra ss Lequme

245 z\6

248

250

253

256

260

251

254x

257

261,k

263

266

269x

27Zt

275*

277 r,

279*

z8z'v

284'k

286'?

271

27\

258

264

267

28t

C,J
L,



oo

100

l0t

102

t03

r04

ì05

t06

107

108

t09

ll0

lil
ll2

il3

il4

Twp.

32

33

33

33

z4

z4

z\

23

23

z\

z\

37

37

37

37

37

37

Rge.

l5

t5

l5

t4

ì8

t7

t7

t7

t7

r8

l8

29

29

29

28

28

z8

Sec.

2g

OB

09

t5

3t+

28

20

2l

t6

l2

t6

l0

30

23

28

l3

09

UTM

E-

t+6zl

46zl

4643

\744

\ls6

4449

4432

4440

4448

44oo

4344

3266

3232

3296

3350

3397

3347

X I 00m

!_

57361

57 t+l z

5741 4

57420

56634

56619

5659\

56506

56479

56559

56576

578t1

57866

57859

57866

5783\

57813

SAMPLE

SO IL
0_6" 6_24"

287

290

NUMBER/DESCRIPTION

293

296

299

302

305

309

312

316

318

320

32\

327

330

334

336

VEGETAT I ON

Grass Legume

288 289

291 292

294

297

295

2!S''c

300

304*

307

3l I

314

3l7x

3l g*

322

325

328

332

335

337

303

306

310

313

301

321

308

315

331

323

326

329

333

338 u)
L^)
t\)



Twp.

38

38

38

38

37

37

3B

38

39

39

39

39

38

38

38

37

38

37

ìt7

ì r8

ìì9
.l20

t2ì

122

123

124

125

126

127

t2B

129

130

l3t

132

Rge.

27

28

27

z7

27

27

26

z6

26

25

25

25

25

25

z6

25

25

25

Sec.

30

23

t7

26

20

36

t7

33

l4

ì9

25

03

33

UTM

g

343 ì

337\

3433

3482

3492

3497

3531

3541

3565

36tz

3678

3657

3658

3625

3578

3670

3673

3659

I 00m

I
57966

579t+2

57922

57954

57840

57877

57919

57967

58017

58044

58045

5799\

57913

57933

5791 5

57801

57912

57849

SAMP L E

SOIL
0_6 6_24,'

339 3h0

3\3

346

350

353 35\

357

360

363 364

367

NUMBER/DESCRIPTION
VEGETAT I ON

G ras s Legume

341 3\2

3\4 345

348 3t+9

351

355 356

358 359

361 362

365 366

368

r9

ll

l0

l0

22

369

373

376

379

383

385

388

392

394

370 371

374

377

381

384

386

390

393

395

380

372

375

378

382

389

387

391

UJ
u)(,



Site #

t33

t34

t35

136

137

t38

139

t40

ì4r

142
port ¡on

Twp.

37

37

37

4z

54

54

53

53

54

5tt
of 5\

Rge.

z5

26

26

25

28

29

28

27

29

28
27

Sec.

IB

UTM

E

3623

3592

3543

3616

3363

3290

3347

3390

3256

3385

t3

32

06

02

36

27

3l

34

I 00m

I
57833

57820

5787 |

58287

59\58

595\5

59418

59432

59544

59485

t43

t44

t45

146

SAMPLE
SOIL

0-6" 6-24,'

396

398 399

40t

404 \05

5\

54

55

55

NUMBER/DESCRIPTION

t3
r8

28

28

29

26

VEGETAT I ON

Grass Legume

397

4oo

4oz 403

406 407

408

I+12

4t8

42l

t+25

429

t9

09

0l

32

409

413

419

422

t+26

4¡o

3305

3335

3263

3492

59506

59468

59553

59626

4r0
4l ì*
4ì4*
4t6*

4il

4t5
\t7

4zo

\2\

t+28

tS!'

4e

443

U+7

423
424*
t+27

431*
\32'r
433*

435,v
437t,

I+\2

445 '''
446

449*

\35

440

444

448

438

44t

t+So
(,(,
N



Site #

I I+7

t48

t49

ì50

l5r

152

t53

r54

TwP.

55

56

55

55

55

55

56
56

53

Rge.

27

25

27

27

27

26

27
26

27

Sec.

35

r6

t6/21

36

t5

to

0ì
06

3l

UTM

l_

3443

36tz

341'l

3t+61

3428

3487

347 1

340 I

X
'l00 

m

u

59635

59669

59sgo

59630

5958 I

5961 3

59650

59\\z

SAMP L E

SOIL
0-6" 6-2\,,

4sr 4s2

1+55 \56

\59 460

NUMBER/DESCRIPTION
VEGETAT I ON

Grass Legume

453t' tt5l+

457],
4¡8

46 ì'k
46zx

463

tt67

471

476

480

464

468

4lz

477

48ì

\66*

\7 0'x

\73*
\75'v

\78n
I+79t'

\65

\69

t+lt+

\BZ

(,
(¡
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Appendix VB

Forage analyses:

Analyses of Cu, Fe, Mn, Zn, Mo in parts per miÌlion
Analyses of N, K, P, Ca, l4g in percent
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Appendix VB



SAMPLE #

site #1
)

Site #2
6

- Edwards Silt Loam to Siltv Clav

TYPE

Site #a -
9

grass

McCreary Assoc. (Very

Cu

Site #4
T2

grass 7 ,9 Lj),0

6.L

Fe

Edwards SiIt Loam to Silty Clay

site ÉJ
L5

grass

Dauphin CIay, TilI Substrate Phase

7 5.O 20 .9

I\&1

legume II.6

site #6 -

- Isafold Assoc.

6.5

Zn

site #Z -
20

2T

L)4.5 45 .t

grass

Mo

25.0

27 ,9

Leary Assoc. (Leary Loamy Sand)

N

No sample obtainable

0,6

)5.4

?6 ,o rB. ?

5,4

Lakeland Assoc., Lakeland Loam, TiIl Substrate Phase

L.+6

K

grass L2,6
Iegume I0.5

3.2

23,4

95.)

L.28

).78

I.0

60,9

52.7

0.r7

2,)9

2.26

Ca

5.o

20 .6 0.8

78.9
7g.B

0.lB

o.3L

L,46

Mg

).9

49 .5
24.6

0. 16

0.38

o,22

2.L9

L,47

40.4

)o,9

o,l+2

0.20

0.19

r.l1

0.6 3,L2
2.6 5 .28

0,1?

1.94

0.12

0.41

0.45

2,48
1 .10

0,24

0 .40
0,39

o,4?
2.09

0 .44
0.50 L'

UJ



SAMPT-,E #

Site #9 - Agassiz Assoc.
24 grass ),)

Site #9 - fsafgld Assoc.

TYPE

27

Site #f O - Igafs¡ld 4,ssoc.
30 grass 10.8
)L legume ll.9

Cu

qrass 4.)

Fe

Site_f,4 - Isgrfold Assoc,
Jt+ grass ? .2

%.4

Ivf:t

Site_#12 - I_safglg Assoc,

)7

2L,7

72.6

'l;n

SiJe #I3 - Lakelglrd Assoe,
40 srass 5,8 9t+,)
41 lesume L5,9 ?4,O

Mo

22,3

6t.J

90 .5
85,6

grass ),6

Site #!! - Oreanic Soils
44 grass 5,0

N

5.0

20.0

)8.9
24.2

7 5.0

2.?4

K

2.O

2) .6

J4 .5

L24,8

3L.9

).o5

r.73

P

0.8
).4

20.o

)5.2

0.3 0

o.96

4.?5
4.87

Ca

1.8

L6.6

)4.r
rg. B

0.49

0 .lI

Ms

L22,4

2,4)
2.20

2.77

L.2

28,2 1.6
58. r 1r. o

0.20

o.45

0 .10
0.38

19.B

r.30

r,97

0.29

o .59
2.45

IB. 2

0.30

L,26

2.77

5.62

o.)4
0.45

2.8

0 .4r

o.L2

0.90
2,r5

2.L0

0.25

0.35

0.18
o.4J

o.g)

0.2I

0.)6
2.O?

0.16

o,I7
0.3 B

0.58 o .2I
(,
(^)
\o



SAMPLE #

Site #15 - Leary Assgc.
4? grass 9.8
48 legume 14.4

TYPE

Site #16 - Erickson 4ssoc.
5L }egume 11.6 74.0

Cu

Site_#l7 - Edwards Assoc.
54 grass 6.5
55 alfalfa 10.8

Fe

Site #19 - glenErpe Series
58 grass 10.4
59 legume L4.9

L)2.r
87 .l

I\frt

Slte úI9 - Colby_Series
6Z grass 1I.1

78.2
)5.2

7,n

6J

Mo

32.)
58. r

Site #20 - Garrioch Series
66 srass 8.6 86. B

20.6

90.5
95,)

N

L,6
9.o

legume L5.2

40.9 zo.o

r8.3
19.1

L2).2
76.4

).25
5 ,55

K

)5,0
40,9

34.2
?7 ,)

I,26
2.00

P

4.72

69,L
6g.t

7.0
7.0

29.9
4z.t

0.2)
o.43

Ca

?.59

48.4
15.6

2.58
4,)4

L.2
L2.0

o .54
1.88

Mg

24.4
37 .9

0,)7

I.58
L.7T

)L,)

I .18
4J4

0,27
0.31

2.)5

2,8
J.B

0 .11
0.29

20,I

L.53
L,27

2.27
4.lS

0. J]

0 .40
?.82

L,2

0.2)
0.25

L,) 5

r.66

o ,20
0 ,55

2.69

0.19
2.7 5

0 .1_B

0 .3r

2 ,29

o.)2
0.50

o.45
2.)5

0,I7

0,2I
0.)5

O .48 0 .20 (,
È.
O



SAMPLE #

Site #21 -
6B

Site.#22
7o

7L

TYPE

F¿rirford/Inr^rgod Complex - Loam

grass 9.)

Cu

Meleb S - Peaty Phase Loam

Site t2q -
74

grass 4.8
legume 11.1

Site #24
76

7?

Fe

Meleb S - Peaty Phase - Loam

L92.t+

IlfrI

€rass

- Fairford.,/Inwood Complex - Loam

slte t?5
?9
BO

40.8

BB.4
60.8

7,n

grass 6.9
legume 5,9

7,)

-ClarkleiehS-Loam

Site #26 - Crane Complex
BZ grass 6,2

Mo

29.o

42.9
19.)

76.9

grass 6.6
legume L2,L

L.6

20.)
)4,6

77 .5

88.4
9).6

2.77

K

l.B
5.6

27 ,l

fJ .I
16 .0

58.7
102.4

2,06

2.00

I .84

P

0.8

16 .5
L5 .2

0,2?

g.B

16 .0

L,02
L.7 0

Ca

74.)

2.79

0.8
r.4

ú.5
l-5,9

o .5)

0. t8
0.20

Mg

0 .52

L7 .t

2.08
3.39

0,29

0.8
),0

0.)4
2,20

0. 17

20,I

0.67
0.60

2.4)
) .30

0.22
0.68

0.22

T.2

o.)5
0,20

L.27
0.45

2.59

0 ,2)

0.60
r,56

0,2I
0.16

1.19

0.60
1.J0

0.47
2,82

0.14

o.)3
I. BO

0.40 0,)9

UJì.
H



S.â,MPLE #

si.te #2?
B4

Site #28
B6

B7

TYPE

- Fairford/Inwood Complex - lqqq
Iegume 6,9

Cu

Clarkleieh Peaty Phase Loam

site #29

9o

grass
legume

Fe

Sitg #re
92

- Wentland S Peaty Phase

7 0 ,2 L2 .Lt,

?,6
6.2

Mn

Site_#LI - Lundar/Clarkleis4 Compl-ex - ],oam

94 grass 4. B 140.4 26 .9 r7 .1

grass

- Lundar,/IsafolO Complex

58.2
6l .s

Zn

Iegume 9.0

SLte Ð2 - Lundar Series
96 grass 6.2
9? Iesume f0.6

7.6

Mo

L? .3

DL(

9.8

7L.2

Site #13 -
I00

4.0

24.3
L2.6

26.9

66,0

3.22

0.8
T,6

Meleb Peaty Loam/Crane

)4 .5

r0. g

srass 2,6 54,9 87 .1

r.14

2.50
2.6L

P

0.8

20. B

LOz,4

75.5

0.rl

0.7 B

L.)7

Ca

2.46

5.o

8.7
11. B

2.72

O .IB
0.L2

Mg

0.99

),26

0.4

Compl-ex Peat

24.)
2).9

1.10

o.)9
r,42

0.16

0 .77

L,97

0.8
),o

0.43
0 .61

L6.7

0.)5

0 .18

o.7)

L.76
4,)?

r.2

0.32

r.7)

0 .21

r,29
r.3B

1.20

0. 81

0.42

0.15
0.25

o,27

0,)6

0.44
r.57

0 .05

0.26
0.60

0 .22 0. rg
(,
TS



SAMPLE #

Site #r4
101

Site #r5 -
106

TYPE

- Lundar/C1arkleieh Complex - Loam

grass J,B

site #lá
108

Cu

Isafotci/Lundar,/Clarkteigh Complex -
srass 2 .6 B0 .4 4L,6 19 ,2

Elte-É22
1I0

- fsafold/Lund.ar/Clarkleieh Complex - Loam

Fe

grass 3 .O 202,L L9 .5 I4 ,5

Site #r9
ltl
r14

94,B 5L.5

Mn

lVieleb Series - Peatv Phase Loam
grass

Zn

- Plum Ridee Series

Site #39
r16

grass 4.9
legume L3.9

Mo

20. B

L,9

Site #40

1r9

- Lundar Series

108.8 L76 .6

0.4

Iegume

Loam

- Plun Ridee Series

L.2?.

K

0.4

8).2
77.o

gTASS

7.5

0.2J

I .18

0,4

L).9

29,4
28.)

84.2

l.B

0 .09

0 .56

Ca

T.L2

0.4

L4,2
)2.6

Ð.t

oo

0 .10

0.12

Mg

0.28

0 .80

J.0
5.4

B,)

o,29

5,1

0.18

0 .10

0.42

2.05
5 .22

0.8

9.2

0 .11

0.25

0 .05

o.42
r .l1

2.I0

0.4

0.15

o.26

0.tB
0.)4

o.64

2 .29

0,2I

0 .41
r.48

0. 11

L.02

0.4)
o.74

I.20

0 .20

0.68

o.4) 0.40
L\)
È.



SAMPLE #

site #4I -
L?T

L22

TYPE

Site #42

Ctarkleigh Series

r24

grass
Iegume

Cu

Lundar Series

L27

L28

4.1
6.4

Fe

grass

- Plum Ridee Serigs

Site #44 - Lundar,/Glenhope Complex

I30 srass ).4 6?.4 )4.5
lll legume 4 ,5 46 ,7 La.I

74,6
67 .4

i\trt

grass
legume

2.6

Si,te #45 - Glenhope Series
L)) srass 3.8 46,?

L)4 legume 9,8 7).6

14.1
16.9

Zn

56 .)

6.0
8.7

Mo

20,5
16.r

site #46
L)7
138

68. B

69,B

57 .7

N

4.0
5.o

L).9

24.2
15.B

- Ochre River Series

1.58
3.70

K

0.8

26.O

2L,5

grass
legume

1.00
0. 82

P

L.O2

L.2
3.o

5,? 202.L
ú.) 79.4

0.22
0. tB

L2.0
L2.O

Ca

o.45

2.56

) .54

2L.O

22.8

0 .44
L,97

L.2
5,O

Mg

o.o?

r0.1
L9.9

I.13
0.72

)5.)
19.1

r.55
2.86

0,)2
1.01

o.42

L.2
6.4

0 .16
0.16

18.3

T.6

r.0l
L.5)

2.OL

).2)

o,27

o.39
r.))

4.0
8.0

0. rl
0.11

r.l0
0.7L

o ,5?
o.95

2.L6
4.10

0.44
L,93

0 .15
0. rl

1 .40
T,? 9

0,2)
0.))

0 .5L
2.12

0 ,22

0,25

0,)5
0.68

0.60
2.40

0 .10

0 .5)
(¡J
.Þ.



SAIVIPLE #

Site #4? - Ptum Ridse Series
14I grass 2,5 60. r

site_á48
r44

TYPE

Site #4_9 - McCrearv-]Sel¿gq

L4? srass 2,5 97 ,B

Cu

- Plum Ridse Series
grass

site # 50

r50
r5r

Fe

2,2 L)2.)

Mn

- Methley 'agnet ComPIex

grass 5,4 94.I 61.)
legume 4,3 94.1 28.L

Site #ql - Methley '{agnet 
ComPlex

L54

77 ,B

Zn

site #52 Methley Series
ú? grass 2'5

Mo

L2.L

49.)

Si-te #5J - Glenhope SeriesÆ
16 o grass ) .6 lBJ . o

161 legume l0.I 15) ,2

grass

0.4

4j,8

oo

7.6

I. 04

0.þ

16.B

96,7

0.6)

r.07

0.5

0.6 16.r
?..6 14. B

45.6

76,8

0, 08

o,)5

Ca

r.09

2? ,6

27 .4

o.28

Mg

0.10

0.62

2,93
2,98

0.8

L6 ,5

44.9
28 ,5

0. 18

o.25

0.09

2.O0

1.08

2.)2

0.4

L9.4
29.6

0. 18

0.28

0, 16

0.15

r.3B

1.00

0.4
4.0

0.2?

o.42
L,47

0. 15

0.49

L.65
4.L4

0 ,48
l.0B

0,33

0.08

0.7r
L.70

o,26

0.28

0,2)
0,26

0. 18

0 .44
1. BI

0.)5
0.76

(,
(¡



SAMPLE #

Site #<4 - Methtev Ëeries
L64 grass 2.5 L77 ,B

Sit"_#15 - Lundar /Ctarkleish (Saline) Complex

L6? grass 4 ,7 L42 .7 59 , 5 2) ,2

TYPE

Site #56 - Lundef Series
L(,9 legume I0.5

Cu

site # 57

L72

Fe

Site #58 - Lundar/Clarkleieh CoTpIex
L?5 srass 2,9 481.0 47,5

Colbv Series - Saline Phase

Mn

Ëit" #19 - Lundar/Clarkleish Complex
L78 srass 6 ,5 Ll6 .6 5I.L

grass

45,2

Zn

Site #60 -
18r

Mo

I4B. O

L7 ,3

4,3

1.4

224.8

2),+

Clarkleigh Series
grass ) ,6 IBI .0

r. 18

K

2.4

)4.7

2? .0

0.37

L.B2

P

),4

25.6

0.05

0.11

Ca

),2J

0.6

2?.7

o.42

0,)5

2.0I

Me

2,LO

0.8

24.7

6t.g

0,24

0.1g

0.13

0. B5

L.25

0.8

28.1

0.7 5

2,26

0.It

0.60

2.80

L,2

0 ,52

0 ,57

0.11

r. 5B

L,26

0. 50

0.38

0,26

0 .61

0.lB

0.34

0.06

0.30

0.48 0,45

È.
cl,



SAMPLE #

Þlte #61 - rsafold Series
l8l grass 2,5

Site_#62 - Isafold Series
f85 legume 1I.5 L20,3

TYPE

Site #6r -
lBB

Cu

Þile_ru - Crane-Cgmplex
191 grass 1. B

Fe

Clarkleieh Series
grass 3J ?B?.6

E}lg-re5
l-94

76.9

¡ô'r

site É66
r96

L5.J

Zn

Eddystone Series

site #62 - lg$al_Ðeries
I98 grass 2,2

Mo

L4,5

grass

27 .4

Isafold Series

I.0

4o .4

26L,+ L5? .o

grass

32,L

2,9

0. gB

K

5,0

L)O,7

L7.0

5.5

o,)4

3.r2

P

0.4

L2,5

64.6

92,0

0 .1r

1.3 B

Ca

r.18

0.4

108.0

26.L

28.6

0.38

0.r2

o.)6

Mg

L.L?

r.4

19.0

22.2

0.70

2.32

0.09

0.)2

r.22

2.O

10 .l

o,67

0 .46

0.09

0.)+

2,L6

T,2

0,22

0 .5)

0.06

0.98

r.09

o.)2

0.36

0 .19

0.4?

0 .20

o,45

0.17

0.l B

0 .40 0. 1B

(/)
È.{



S.A.MPTE #

site #ÉB

200

stte tØ,
202

TYPE

- Lundar Series

grass 2,9

sitg #79 - Maelre_t Sel-ies
205 grass 2.2

Cu

- Clarkleieh Series

Sitg_#7f - Wentland S-eries
2OB grass 2.2 LL) ,)

grass

Fe

r09.0

site #72
2TL

nft:r

5.5

si,te t7) - Dauphin Series
2I+ lesume 8.4 228.8

Z,N

59.t

Ð,I

- Glenfields Series

Mo

1l .B

Lo).7

Site #74 - Plumas Series
2L? grass 8.7

grass

48.)

0.6

26.r

2J.9

).3 Lrg.?

K

0. 85

T,2

L7.L

16 .8

0.45

P

L.76

0.4

12.6

28.6

Ca

0 .10

T,O?

0.7L

L,2

LgL.5

22.9

22.6

Me

0.32

0.I0

0. 20

0.90

0.6

L).7

6L.9

0.2L

0 .40

0.06

o,42

L,22

).6

2L.?

0.30

0.lB

0 .08

0,)9

2.8)

I.2

0.99

0 ]4

0 .12

0.94

).79

0. rg

0 .40

0 .11

).r2

0,29

r .50

0.25

0 .57

o.62 0.38
(Þ
tr
co



SÀMPLE #

Siæ #7q - W-eiden_Series
220 grass 4.4
22]- legume 9,8

TYPE

Site #76 - Glenhope Serieg
224 srass 3 .6 141.0
225 legume 8.0 108.0

Cu

site_t?]
228

Fe

Site #78 - Methley series
2)L srass 4.2 129.3

- Glenhope Series

r55.9
79.8

I\trI

site #79
2)4
2)5

grass

22.6
17 .9

7ìn

5.5

- Glenhooe Series

Site_#Bg - G1enella Series
2)B srass ) .6 111.7

Mo

l.5.7
24.6

17 .9
25.r

Êrass
legume

2L?.8

N

L.2
5.6

l6,4
L),2

5? .)

1. 50

).6o

4.0
7.6

K

),o
2.8

L27 .7
L9L,5

)9.6

)8.)

0.74
0. 82

L.)3
2,37

1.0

0,L5
0.19

2L.7

t6.r
D,J

Ca

0 .54
o .54

r.47

0,8

0.)2
L ,25

l.6.7
19,)

Mg

0.11
0.09

5).?

I.T2

l.18

0. 16

o,)2

0.6

5,O

0 .59
2.55

r0 .l

0,17

O. BJ

L.79
2.80

0.18
o.)7

2.0

o.45

0.09

I. 28

0. gB

r.l1

o.)4

o,27

0.1I
0.09

r.48

0,29

0.)6
I. 86

0.tr

0,26
o.9o

o,45 0.26

(,
â.\o



SÀMPLE #

Site #BI - Glenella Series
ZIL srass 5,8 79.8
242 legume 9,5 95.8

TYPE

Site #82
245
246

Cu

- McCreary Serlqs

Site #83 - Isafold Series
248 legume 11.6

Fe

grass
Iegume

sile #84
25L

Mn

4.4
9,L

Site ff8J - Glenhope Seriesæ
254 grass ).6 226,9

- Lundar Series

L7 .9
16 .8

Zn

T26.7
LL? .7

Site #86 - Methley Series
25? srass ) .9 98.7
258 legume 9.4 zfi.)

grass

Mo

)0,4
)0.4

22.2
24,)

BB.1

6,5

N

L,2
6.0

r).2
22.L

L?9.4

2.08
2.8)

29.?

K

4.4
8.0

30.8

0. 83

r.56

L6.3

L,)9
2.80

0.09
0.09

L.2

)0.4

Ca

32.6

TJ4
0.09

2,62

0.)9
2.29

1.0

Mg

L5.6

?.2
L6.3

o.L2
2,40

O. BB

2.)B

0.29
0.66

1.0

24.8
L5.4

0.6?
o.)z

0.10

0. 8l

1 .11

2,4
4.6

0.))
r.26

).07

0.11

0.ó0

L.57
2)O

0,75

o.67

0,L2

1. tr
0.07

0 .41

0. ?0

0.07
1.00

o,)7

o .56

),2)
o .22.

0.68

(,
(¡
O



SAMPTE #

site #87
26L

site #B.B

263

?64

TYPE

- Weiden Peaty Saline
grass

Cu

Fairford/Inwood Çq¡lplex

g!te_#89
266

267

grass ).)
legume 7 ,2

5,8

Fe

- Fairford/Inwood Complex

Site #90 - Fairford/Inwood Complex

269 grass 2.2 22I.6 L9 .9

L02,9

Mn

srass 2.5
lesume ? .6

Site #91 - Lundar Series
??2 grass 4.?

38.0

Z,N

92.)
68.6

Site t%
2?5

Mo

34.L

IB.1
8,7

T)T.9
9r.)

Site #93 - Inwood Series
2?? srass f. B

- Fairford/Inwood Complex

N

0.8

IB. O

12 .4

97 .r
22.5

grass 2.9

3.r7

K

1.4
8.0

r0.3
L),7

L74,7

1. JI

r. rB
2,0I

P

L.2
).o

0.17

226.9

L6.)

0,62
0.96

22,5

Ca

0. 85

2.)2

0 ,54

0 .15
0.09

2ñ

4.4

Mg

2r1 .0

55.4

0,)2
0.5r

0. B0

o,2)

0,42
1. 87

o.6

24.)

6.5

0.05
0.09

0 .40

2,J7

0,20
o.4)

0.6

0 .57
2.9r

0.06

I .41

L.57

L,2

0.22
o,65

0. 5r

0.20

0. 89

0 .80

0.21

0.44

0.07

0.22

0.28

o,63

0.06

0,25

0 .52 0 .22
UJ
ul
F



SAMPTE #

site #94 - Meleb Series
2?9 grass 2.5

Ëite-ru5
282

TYPE

Site #96 - Marsh Complex
284 grass 2,9

Cu

Fairford /Inwood/li'ieleb (Peaty ) Complex

srass 5.8 I95.2

site #9?
286

Fe

L55.6

Site #98
2BB

289

Mn

- Lundar,/wlele¡ Complex
grass 5.L

)5.5

Zm

- Fairford/Inwood Complex

Sîte #99
29t
292

grass 4.0
lesume 14. f

Mo

t95,2

16.B

l0.B

- Fairford,/Inwood Complex

Site #I00
295

0.6

Ir4.5

4o.z

L6,?

grass 5,0
Iegume L0,?

r.25

K

0.8

189.9
89.7

- Me1eb Peat/Crane Peat/Ntel-eb Loam

I7 ,0

9.8

grass

o.)4

2.82

P

0,6

20 ,5

24.6
L2.?

205,8
L2?.2

0.10

o,?9

Ca

0,96

5 .O L2? ,2 108.5

0.8

L6 .5
2? .6

)o.2
r7 .7

o.+7

0.19

0,4)

Mg

L,76

0.8
4.4

L2,)
25.o

o.49

0 .22

0.08

0.J8

I.58
4.9t

r.8
),0

0.)6

0,43

0.09

3r.0

0,7)
2.t+o

L,76
).7L

0.32

0.)4

0.8

0.19
0.38

2,05
I .50

2.I2

0,29

0.45
r.58

o,24
0, 19

0.6)

0.)4
o,67

0.5t
r.6)

o.L2

0,)9
0.61

0.)4 0.19
Ltt
N)



SAMPLE #

Site #100 - Meleb Peal 'ane Peat neleb Loam

2g5 srass 5,o L27 ,2 108.5 3r.0

Site fllOI - Meleb Pgat ^ir-ford Loam'Inwood Loam

2gB grass I .4 L?B .) L7 2.9 rr.6 o . B

TYPE

Site #102 -
100

30r

Cu Fe

Site #tor - GlenhopefGlenhopg-saline Complex

lOU grass J ,6 99 ,L 9? ,5 26 ,4

Clarkleieh Series
grass 7 ,9 LBg ,5

legume ? .L 12B,)

f\&:t

Site #fO4 - Magnet Series
)O? srass 6.L
IOB legume 10.4

Zn

site #roá
lrr

Mo N

0.8

VaIley River-Series

4).4
L9 .5

grass

2.L2

K

rB. 0

L).9

go.4

92.0

0.63

r.09

4.) Itz.l

1.0
).4

22.L
9.2

0.L2

0.J1

Ca

2.7 5

3,Bg

0.8

25.o

)6.6

0,)4

0 .05

Mg

0.3r
L.)2

)4.9

r.5z

3.4
6.0

0. 19

0.)9

o.26
O.IB

L?.6

o .52

r. 84

2.94

o.29

0. 58

L.74

0.8

0.lr

L.44
1 20

1.49

0,)2
0.49

0 .48

0.08
0.I0

0.?o

0.28

0.)9
2,7I

0. 11

0. r7
0,)9

0 .55 0.)5

L,
L¡
U)



SAMPLE #

Site #10á -
)ú
)L5

TYPE

Site #foz - Lundar/Clarkleish Complex

)V srass 2,5 95 3 l.2L,4

Edwards Series
grass 7 ,L
legume L),2

Cu

Site #108 - Ridgely Series
319 grass 2,9 l,L? ,5

Fe

Eite #I09 - Kenville Series
322 grass 8.2 95,8
)z) legume 1I.B 7?.4

L27 ,2 1)5,4
222.O )2.0

Mn

Site #119 - Meadowbrook Assoc,
)25 grass 5.? 6II. B

J26 legume Lz,L 78 ,5

Zn

site #111
J28
)29

Mo

2) .9 L.6
27 ,5 14. o

N

I} .8

- PeEuis Titl Substrate Phase

4:-.6

2,)7
4. 14

grass
Iegume

r.2

LB,2

23 ,5
2).9

L.)2
2.37

P

0.77

4.)
9.3

L,2

22,5
46.3

0.lB
0.24

67 .3

39,4

Ca

L09.9
78.5

0.))

L.20

4.0
B.)

0.50
r.64

?2,4 16 .0

)2.9 4.0

Mg

0.06

0.48

9.5
2).9

2.50
2,40

0.19
O.JB

0.49

o,07

L7 .6
19. 0

2.25
L.J8

2.t+0

4.Tz

0.19

o,49

7,0
4.0

0.10
0.20

1.3 B

2.46

L J4 0 .71+

UBC only

o.17

0,)?
0.)6

o.20
0.)2

0.19
0.16

0.36
2.20

0. 16

O. 16

0 .40

0.J8 0.16
UJ
UI
Þ.



SAMPLE #

Site #LLZ - Aeassiz Series
TZ grass 2.9 286 .9

3J3 legume 5.7 262,6

TYPE

$tg_#I12 - Lenswood Serieg
T5 grass 4,6 257 .I

Cu

Site #rI4 -
T7
))B

Fe

Site #LL5 - Grifton Assoc.

)4I grass B .6 56 .)
)42 legume ? ,9 65,6

Lenswood Series
grass 6,4 L5),2
legume 5,0 25I,6

I\h:r

Site É116 - Grifton Assog.

)44 grass 5.0 71.1
345 leeume LJ .6 80.4

90.9
65.2

Zn Mo

16 .0
L6.9

Site #Ir? -
348
349

4).8

4.0
2.0

14.0 19.1

r7 ,8
29.2

0.91
2,LO

K

Malowton Series
srass 5,4 % .o
lesume 4.6 ?) ,B

L9.7
22.5

o.)9
0.64

58.0
29.6

P

L.)9

0.8
7.0

0. 14

o.20

24.)
26.2

Ca

I.JO

22.8
20,J

2.) 5

3.22

o,46
2 ,08

2,O

J,4

Mg

o,25

27 ,)
30 ,5

r.62
r,56

2.96
4. r4

24.2
2t,4

0. r4
0 .40

0.45

8.0
4.0

0,20
0,24

L6.6
2L,)

2.52
2.54

L.65
4.5r

0, 18

o.)9
I,26

L.2
4.4

0.J1
o,)5

L.56
2,?6

O.IJ
o.)9

I. 87

),)3

0,)7
L.96

0.2I
0.37

L.7g
22Õ

0. r7
o.26

0,)5
2,29

0.15
0.15

0. 16

0.10

0.46
r.84

0.22
0.3r

(,
L¡
LN



SAMPLE #

Site #118 -
35L grass

site #ttq -

îYPE

)55
356

Cu

Eit-e_f]æ - Swanford Series
) 58 grass 10 .4 L52 .L

3 59 legume l0 . 0 L52 ,I

Lenswood Tilt Substrate Phase

grass 5.4
legume 8,6

5,4

Fe

Site_#lzr -
)6L
J62

9L.+

Mn

sîte t]22 -
365
366

tBo.5
1r2.1

29.2

Z,n

Va]ley Serie-s
grass 6,4 L47 .7
legume ? .9 101,2

Mo

20,)

26.7
rI. B

Site_#1?? - Davidson Series
)68 grass 6 ,L 132.9

Berlo Series
grass 5,?
legume 8,6

N

4.4

28.g
3L.9

29.6

)2.L

2,69

K

4,0
4.0

19.0
)7 .o

2,03

r.6B
4.7 5

32.L
26.4

P

66,7
57 ,4

).0
3.2

o.27

r.90
2,54

15,7
31.0

Ca

8.2
12. B

2.93

).44

0.64

).8
4.0

o,2L
0.)5

Me

24.O

38. B

).24
2.44

43,8

2,24
4.70

o.r7

0.J0
l. Bg

L,2
).6

0.34
o.))

)L.9

1.50
?.? B

0. rg
0.)2

L,70 t.u
UBC only

0.49
L,2B

j.o

0.2L
o.33

o.24
0.41

UBC only

0.42
2.0)

0.14

0.20
0,29

0 ,54 0,24

UJ
Ltl
cr\



SAMPLE #

Site
77L
3?2

TYPE

Site-#I25 - PlginYiew Series
j?t+ grass ? ,5 L62.7

J? 5 legume lO . ? 66 .7

- Pine Ridee Series
grass t+,6 8) ,7
legume 6.8 L27 .5

Cu

Site #126

)7?
J7B

Fe

Slte #L2? - Lenswood Series

3 Bl grass 9 ,6 9J ,B 2L '9
)BZ legume 5,0 B1'4 19' B

- Lenswood

Mn

grass
legume

22,4
4L,?

Zn

site #128

Series
5,0
9.6

)84

Mo

L),6
22.I

L5,9
10.6

Site #129 - FYaIg Series

JB6 grass 4.6

38? legume I0.4

- Swanford Series
grass 4.6 ?7 .6

74,)
85,2

N

3.8
),0

25,0 2,0
?2,8 12.0

r.44
3 .81

L5,?
20,2

0.65
L,3)

15.0
T.7

P

?,29

).78

o.2L
0.38

1.0
1.8

Ca

2,)9
2,29

2r,6
27 .o

L)8.3
88. g

L,)9
3.r0

0.63
I,l+6

Mg

9.9

0.30
o,27

L.6
ó.0

o.63
0. 87

2L,6

) 5'l+
L5.9

o,?7
0.lB

2,82
4.t)

0,42
r.9)

0 .11
0.78

1.0

L5.9
27 .L

?.22
2.86

o,24
o,)9

r. r4

0.50
2,55

4.0
4.0

o.25
0.35

0,28

0.10
o ,54

L,22

).94

o,45
1. 87

0 .07

o,95
L.97

0,?9
0,32

o .40

0.17
0 .10

0,23

0 .44
2,05

0.1B
0.45

(¡)
L¡



SAMPLE #

SiJe #lao -
J90
)9L

TYPE

Site #131 -
J9J

Plainview Series
qrass
legume

Cu

Sire_t)æ- - Valley Series
)95 srass 5,4

Swanford Series
grass 8.6 401.4

6. B 287 .5
L2,L 27!,2

Fe

site #]31 - va4e)¡ series
)9? grass 4.6 133,9

Mn

Site #ti4 - Foley Series
4oo grass 9,6

l1.B
2t.2

Zn

Site fI35 - Fya1a Series
4oZ srass 5,7
4W legume 8.9

Mo

)o .5
29.6

46.0

7 5.9

4.0
4,6

20.0

2r.g

2.7)
) .86

K

0.8

2l-,4

L7g.o

40,7

1.6r
2,TJ

P

).62

2.0

TB. 5

20.2

77 .6

74.8

o.27
o.23

Ca

t. 82

2,06

8.6

)),2

26 .5
L5 .2

0.)l
r.94

Me

o ,2t+

0.99

r.g2

t,6

2r.g
38.?

0.2I
0.45

o.55

0 .15

L.66

),)6

1.0
8.0

o.)z

0 .54

o,24

1.58

Analysis UBC only
Analysis UBC only

0.J0

0 .54

0,24

0.16

o .54 0.J3

UJ(¡
Co



sÀMPtE #

Site #116
406

4o?

TYPE

síte #Ð7
4ro
4rr

Birch River Series
grass 4.)
legume L2.I

Cu

Site #1?g
4r4
4t5
4ú
4V

- LePas Drained Phase

Fe

tame
native

g).8
100 .3

- LePas

Mn

).6
5.?

native
legume
native
Iegume

Site #1?9
420

)7 .5
2),4

7.n

L79.0
r45.9

Site #140 - Shallow Peat
4n tame 4.1
424 native 6 .l

6.1 97.5
25,8 L4) ,L

6 ,6 150.1
to.J 58.4

Mo

- LePas Str. Saline Phase

L7 ,g 16.o

)B .7 r0. o

)7 .9
85. B

Iegume l2.5 245 ,)

N

22.8
40. r

60.)
23,O

16 .1
16 .1

L.54
4,46

K

0.8
0.4

30,9
L26 .T

)0.4
40. r

0 .57
2 .29

P

0.94
r.66

0.8
0.8
0.8
).8

22I.9
)27 ,O

0 .12
0.))

L).9

Ca

0,45
0.84

2.12

).04
2.4)
).68

0.)9
2,)9

46.2

Mg

)9.t
18.0

o,I2
0,12

L.22

).65
2,62
t),

0.08
0.25

6.o

)7 .5
45.0

0.)6
0 .52

0.rl
0 ,22
0 .19
o.20

4.8)

0.4
o.6

0. 0B

0.14

0,26
0,96
0.4r
2R)

2.82

I,25
I.98

0.11
0 .22
0. r8
0,))

o.J2

0,79
I.20

L.55

0.12
0 .11

0 .34

0.4)
0.43

0.16
0, 15

UJ
(J'
\o



SAMPLE #

Site #14I
427
428

TYPE

site #1!
4)t
4)z
4))

Bie Lake lJlodal Phase

tame

Iegume

Cu

- LePas Modal Phase

sit" #t4'
Ð6
Ðt
ÐB

7 ,0 800.0

9.2 L)02,2

Fe

native 11. I
native 5,2
native 8.1

Mx

- LePas Modal Phase

site #r43
44r
442

native 6,1
native 10.1
Iegume I0.J

39,r
T.6

Zn

274 .5
r92.7

50Bo ,3

Mo

)5.)
)7 .9

site_Ér45
445
446

Nels Fine Sandy Loam

5L.L
5L.9
9).2

legume
tame

N

),8
),6

20+,4
l-98.5
L98.5

)0.9
22.9
40. r

- Bie Lake Modal Phasç

14 .4 268 ,6

9.6 ?29.9

2.L4

).90

K

native
tame

)5.4
rl.7
17.2

1.0
T,2
0.8

1.05
2,L8

P

46,7

)4,8
50.J

z.6g
r,7g
0,80

2.2 52,6 2L.9

),7 70.Ì 118.7

o,24
o.2?

Ca

1r .l
25,6

0.8
0.8
7,0

2,)0
r.06
0.68

o.42
r.07

Mg

5r.2
)6.o

1.4r
) ,58

) .53

0.)2
0.r7
0. 82

0. 15

0.25

4.0
L.2

0.79
2.30
2.40

0.7t
0 ,54
r.47

27 .)
28,2

2.7 2

z.z4

0.12
0.30
0,2L

o,25
0,26
0.44

0.4
0.4

),29
L,26

0 ,54
0,92
1 .64

I .44
I,22

o.39
0.30

0,2I
0,2)
0.32

0 .46
0.32

2.I2
0 .41

0.16
0,o?

0.l4
0 .18

o.47
0.)9

0.11
0. tI

U)

O



SAMPLE #

site Lr!6
449
450

TYPE

site #147
45)
454

- LePas Modal Phase

native 7 ,0

Iegume L2,?

Cu

Site #148 -

- LePas Modal Phase

452 native
458 tame

Fe

native 6.0
legume L2.7

site #_r49 - Bis Lake IVIodal Phase

46L native 8.6 IB7 .I
462 native 6.0 181.4

89.)
96.4

Mn

L4.6
r0 .1

'Ln

IBl .4
86,7

E!!e-#r5g
465

466

4,5
).o

Mo

23 .B L2
6).j 18.o

)I.?
]6 .8

Phase

- LePas Nlodal Phase

66,9
?? .7

24.)
)8.6

legume II.2
native 10. I

ePas

)2.4
?9.4

2,O5

"ot

K

1.8
5.0

6).)
2? .)

L2)
2.lB

P

1.82
4.96

L2.7
L7.g

90.7
9? ,5

0.18
o.20

0.4
0.4

Ca

L.5)
2.57

29 .5
28.2

L,92
L.)4

'ì1 0

24.9

0 .52
L.?4

Me

Phase

0.8
1.0

0.25
oJ6

0. B0

o ,57

57 .3

55.5

0. 19

0 .11

L.66
L.L5

0. 50

1. 86

9.6
I.0

0. 15

0 .1r

r.16
0.78

0. rg
0.30

I .Bl
2.56

o.4g
0.))

0 .14
0.09

2.gr
2.O?

0.15
0.14

o,)6
0 .10

0.26
0.10

0.14
0.12

I .46
0 .18

0 .10
0. r8

L\)
o\



SAMPLE #

Site #I<I
469

47o

TYPE

Site #1<3 - lePas Model Phase

Bie Lake Modal Phase

Iegume 13 . B

native 12.0

47)
474
4?5

Cu

Site #I5i
4za
4rg

Fe

( foxtail )
native 6,7

Iegume L2,)
native 10.1

56.7
g+,7

IW:r

Site #I54

LePas Drained Phase

482

12,3
9,3

TLn

native
native

90.?
2+9.4
640. r

- ShaIIow Peat

Mo

29,9
30.4

9.7
8,2

legume L2,O

13 .I
L7 ,5
29,L

3,O
L.2

]98.4
lrJ .4

28.g

)4,7
4L,6

) ,58
2.0L

K

16 .0
L6.g

0.8
),0
r.4

Bl0 .6

?,20
L,29

P

26.O
20,4

1.41
4,zz
2.69

2? .2

0. tB
0.16

Ca

0.8
0.8

o,76
2.7 2

L,62

47 .?

2.46
0.60

Mg

2.9L
2.78

0.13
o.28
0,25

l+,6

0,25
0.14

2.L5
2,L?

0,26
I.JO
0.60

4.00

o,2)
0.27

0.08
0,28
0,2L

2,16

0.41
0 .44

0.28

0.18
0.19

2.TL 0.58

(,
o\
N)



363

Appendix VC

Analysis of variance for nutrients between

forage types



Source

Total
Between
Within

Source

TotaI
Between
Within

So urc e

Total
Between
Within

Analysis of variance for different nutrients between forage types within
the 19?6 survey area. *(P<0.01) **(PcO.0O5)

Copper
df MS

226

2 57+.99+x
224 ?,75

df
226

2

224

Zinc
_uÞ

2,076. lO++
r+9,2L

Iron
df MS

22La
2 32,4O5.+2*

2r9 6 ,)OB,Og

Nitroqen
df MS

220

2 7 9 ,r?74xx
218 0,626J

Potassium
df MS

220

2 II.l OJ3++

zLB o.4ZZA

Magnesium
df MS

220

2 L.5016*+
2rB o,o)49

aOmitting I value of 5,080.3 ppm from the
from the improved grasses and 2 values of
if included would have given biased mean
L) 5,86+L7 0,72 ppm respectivery.

Manganese
df MS

226

2 r0,676 .55+x
224 Øg ,)z

Phosphorus
df MS

220

2 0.14Jç++
2rB 0.0105

Molybdenum
df MS

226

2 J40.gJ+x
224 ?.65

CaIc ium
df_ MS

220

2 49.4to8"o
2IB O. Ió84

native grasses, 2 values of 800.0 and ?29,9 ppm
L,)O2,2 and 8I0.6 ppm from the legumes, whictr

values of 240 ,12+652.96, I43 ,65+124. fi and

t/)

È.


