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ABSTRÀCT

Field and greenhouse studies were conducted to examine the

response of several crops grown on organic soils to copper

fertilizer. In addition, several chemical extractants v/ere

evaluated for their ability in predicting the amount of copper

available to plants gro\¡rn on organic soils.

In greenhouse studies dry matter yields of barley, wheat,

oats and Canofa were significantly increased by copper fertil-i-

zet on four, five, three and four of ten soils studied, respec-

tively. PIant concentrations of copper in barley, wheal and

oats were increased from deficient to sufficient concentrations

by the addition of the 10 Kg Cu/ha. Copper concentrations in

CanoIa plants were increased from 'deficient to sufficient con-

centrations by l0 Kg Cu/ha on eight of ten soils studieci. The

crops varied in their sensitivity to copper supply. Wtreat was

very sensitive to low copper supply (growth was usually greatly

reduced at low copper supply) whereas the other crops were

relatively tolerant to low copper supply. The order of

sensitivity of the crops to low copper suppty was wheat was

much more sensitive than Canola, barley and oats.

FieId studies were conducted at three locations on organic

soiIs. Barley and Canola grain yields þrere not significantly

increased by the addition of copper fertilizer whereas wheat

grain yields were significantly increased at two of three

locations. Seed yields þtere low at all sites. This was most
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Iike1y due Lo manganese deficiencies. Copper concentrations in

wheat were significantly increased by the addition of five Kg

Cu/ha. However, at two of the three sites studied copper con-

centrations were increased to aclequate levels only when 40 Kg

Cu/ha were applied. The addition of five Kg Cu/ha increased

copper concentrations in barley to sufficient levels at aII

sites, and in Canola at two of the three locations.

In greenhouse tests, none of the extractants studied pro-

vided a good method of assessing plant available soil copper.

The 12 values, calculated for the relationship between extract-

able soil copper and E yietd varied from 0.0002 to 0.20.

Relationships between extractable soil copper and copper

concentrations in plants grown in the greenhouse on soils not

fertilized with copper rrere also poor.

In fietd studies, plant copper concentrations in barley,

wheat and Canola were related to extractable soil copper when

values for both fertitized and nonfertilized soils were used.

The best relationships for barley and wheat h¡ere obtained when

I M HCL extractable soil eopper was used, (r2 = 0.61 and 12 =

O.49, respectively), whe_reas Na2DP provided ttre best relation-

ship for Canol-a (t2 = 0.67). In the field studies all extrac-

tants extracted copper from the soil in proportion to the

amount of copper fertilizer applied.

It was concluded that none of the extractants adequately

assessed plant avaitable soiL copper in organic soils not

fertilized with copper. Relationships between extractable soil

IV



copper and plant copper concentraLions were good when both

copper fertitized and nonfertilized soils were included in the

relationship. fhis indicated that some of these extractants

may be useful in predicting p1-ant avai Iable soi I copper in

organic soils previously fertilized with copper.
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INTRODUCTION

Previous work conducted on organic soils in Manitoba

showed that deficiencies of plant available soil copper are

tikety to limit yields of many crops. A reliable chemical

method of evaluating plant available soil copper is not

currently available for organic soils. Thus, several green-

house experiments were conducted to evaluate the capability of

several chemical extractants in predicting the amount of copper

available to plants from organic soiIs.

BarIey, wheat, oats and CanoIa were grown in successive

experiments on ten organic soils in the greenhouse. Amounts of

plant available copper in the ten soils \i/ere estimated by using

seven different chemical extractants. Dry matter yields with

and without copper fertilizer as well as tissue concentrations

of copper in the four crops were determined. The relationships

between amounts of copper extracted by the various chemical

extractants and yield or tissue concentration of copper were

studied.

FieId studies were also conducted on three organic soils

during the sunmer of l.-979 to evaluate the effectiveness of

copper fertilizer in increasing yields and tissue concentra-

tions of copper in barley, wheat and CanoLa. These field

studies v¿ere also used to assess the capabitity of various

chemical extractants in predicting plant available soil copper.



LITERATURE REVIEW

(A) Forms of Copper in soil-

Copper comprises approximately 0.0001t of the earth's

crust, occurring primarily as oxides, SUlphides, and metallic

copper (SaucheIli I969). The principal naturally occurring

sulphide forms are chalcosite (Cu2S ) , chalcopyrite (CuFeS2 ) ,

and covellite (cus). The principal naturally occurring copper

oxides are cuprite (Cu2o), malachite (cuco3.cu(oH) z ) , and

tenoute (cuo ) (SauchelIi l-969 ) .

Krauskopf (L972) noted that native copper occurs primarily

in the monovalent state (cu+) and the divalent state (c,r++, .

The divalent state of copper is the most common form of copper

near the earth's surface and is the most important form in

plant nutrition. Possible soluble forms of copper in the soil

include CuCl+, CuCI-2, and Cu(Co3)Z-2.

Forms of copper in the soil were investigated by Mclearn

and Crawford (1973) who listed the forms of copper as (a) ionic

and complexed copper in the soit solution; (b) copper on normal

exchange sites of soil col-Ioidst (c) copper adsorbed on special

adsorption sites which cannot be removed by reagents normally

used for determining exchangeable ions; (d) occluded copper in

soil oxide materialr (e) copper in the biological residues and

living organisms in soil; (d) and copper in the lattice struc-

ture of primary and secondary minerals.

II
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The dynamies of copper in the soil-water-p1ant system v/ere

illustrated by Nielson (I976) as follows:

non-Iabile Cu
labile Cu

Cu complexes
Cu ions Cu in plant roots

He also noted that the soil solution concentration depends on

(f) the amount of labite copper in the soiI, (2) ttre copper

adsorption capacity of the soil, and (3) the proportion of the

total copper present as soluble copper complexes in the soil

solution.

Norvell and Lindsay (I969) suggested that the concentra-

tion of Cu+2 in the soit solution is related to the hydrogen

ion activity of the soil and could be described by the rela-

tionship (cu+2 ) = IO3'2 (s+) 2. Lindsay (tglZ) proposed that

the dominant copper species in the Cu-soil eomplex is pH depen-

dant. Bel-ow a pH of -l .3, Cu+2 predominates, while above this

pH, CuOH+ is more abundant. Of secondary importance at a basic

pH are cu2(oH)2+2 and Cu(on¡-t.

(B) Copper as an Essential Nutrient in Plants

Arnon (f950) discussed the criteria for the essentiality

of an element to plants. An element can not be considered

essentiaL to a plant unless (1) its deficiency makes it im-

possible for the pJ-ant to complete the vegetative or reproduc-

tive stage of its life cycle ¡ (2 ) tne deficiency is specific to

the element in question and can be prevented or corrected onl-y
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by suppJ-ying this elemenL; and (3) the element is directly in-

volved in the nutrition of the plant apart from its possible

effect in the correcting of some unfavorable biological or

chemical condition in the culture medium. The first credible

evidence that copper fuIfiIled these criteria in plants was

given by BorteI (L927). Since that time, considerable informa-

tion has been produced indicating the numerous functions of

copper in plants.

The most significant function of copper in plants is its

role in the activation of certain enzymes (price L972).

Lehninger (fgZS) named copper as one of several metal cations

which act as cofactors for certain enzymes. He noted that

enz)¡mes which require copper for their activation include

tyrosine and cytochrome oxidase. Copper is also found in the

blue copper protein plastocyanin which is involved in electron

transport from photosystem II to photosystem f of photosynthe-

sis. Brown and Clark (1977) found that the activity of tyro-

sine was reduced in copper deficient sugar beets. Brown and

Hendricks (f952) observed that copper concenLration in plant

tissue and ascorbic acid oxidase activity were directly

related.

The importance of copper in plant nutrition can also be

observed from the ptant symptoms which occur when plants do not

obtain sufficient amounts of copper. Brown and Clark (I977)

indicated that copper was more closely related to reproductive

growth than vegetative growth. These observations are in
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agreement with those of Graves and Stucliffe (I974) who found

the initiation and development of flowers were delayed by a

Iack of copper in Chrvsanthemum morifol-ium. McAndrew (1979)

also noted that the floral parts of Canola plants were vertic-

aIIy compressed and malformed as a result of copper de-

ficiency. Thus, it is evident that copper is very important

for the reproductive growth phase as well as for other plant

functions.

(c) Critical LeveLs of Copper in Plant Tissue

À generally accepted definition of a critical nutrient

concentration in plant tissue was not found in the literature.

Melsted et ãI., (I969) defined a critical nutrient concentra-

tion of a nutrient in a plant as the nutrient concentration

below which a growth stress occurs. Jones (1972 ) stated that a

critical concentration was that concentration of a nutrient

below which a deficiency occurs. Ulrich and HiIl (f967) pro-

posed that the critieal concentration of a nutrient is the

level of a nutrient in the plant tissue which produces 908 of

maximum yieId. McAndrew (I979) defined a marginal range of

copper in plant tissue as the copper concentration correspon-

díng to a dry matter yield from I5g below the maximum of dry

matter yield up to a copper concentration corresponding to the

maximum yietd of a crop.

'litrere are relatively large variations in critical concen-
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trations reported by various workers for a particular plant

species. A comprehensive review of factors affecting nutrient

concentrations in pJ-ants was presenterl by Bates ( 1973 ) . He

noted that the actual nutrient concentration in a given plant

is a complex function of many factors including environrnent,

species, variety, interactions among other nutrients, plant

ð9e, and type of tissue sampled. These factors could in part

explain the differences in the critical concentralions of

copper given in the literature.

Generally, plant tissue copper concentrations vary from

five to 10 ppm, with four ppm Cu being considered the critical

concentration for most plants ( Reuther and Labanauska L966,

Jones L972). Melsted et â1., (1969) found the critical concen-

tration of copper in wheat at the boot stage of growth to be

five ppm. Gupta and Mcleod (1970) considered 3.2 to 3.3 ppm Cu

to be the critical concentration in wheat at the same stage of

growth. McAndrew (L979 ) suggested that wheat tissue at the

boot stage containing 3.0 to 4.9 ppm Cu was marginal with

respect to copper nutrition.

Reported values for the critical concentration of copper

in barley also vary greatly. Akenyede (1978) suggested that

barley shoots at the boot stage containing less than 5.2 ppm Cu

were copPer deficient' Gupta and Mcleod (1970) found that

barley at the boot stage containing less than 4.8 PPm Cu was

copper deficient. McAndrew (L979) suggested a range of 2.3 to

3.7 ppm Cu as the critical concentration in barley tissue at
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the boot stage. Reuther and Labanauskas (I966) considered

tissue concentrations of less than 6 .2 to I I .9 ppn Cu at

harvest to be low in copper. Ward et â1 . , ( I973 ) suggesterl

concentrations of less than five ppm Cu in barley tissue \^/ere

Less than adequate for optimal growth.

Critical concentrations of copper in oats given in the

Iiterature, are fairly consistent. Gupta and Mcleod (1970)

found 3.2 to 3.3 ppm Cu as the critical concentration of copper

in oats. Reuther (1957) suggestecl a deficiency of this element

would occur when six to nine week oId leaves contained less

than 3.0 ppm Cu. Ward et â1., (f973) considered oat tissue

with less than five ppm Cu to be low in this element.

A critical concentration for copper in Canola was estab-

Iished in the greenhouse using organic soil as a growth me<fium

by McAndrew (1979). CanoIa plants were found to have suf-

ficient copper for normal growth when tissue concentrations

were in excess of 2.7 ppm. IrJhen Canola tissue contained 2,7 to

I.7 ppm Cu, the plants rt¡ere considered to contain marginal

quantities of copper.

(D) Deficiency Symptoms in Agronomic Crops

An abnormality referred to as

documented by Hudig and Meyer (1925)

many crops grov¡n on newly drained

soiIs. The abnormality consisted of

reclamation disease v¿as

as being commonly found in

or newly broken organic

dead or white leaf tips in



younger leaves of plants with

from abnormal head emergence.

that the addition of copper

would result in improvement

Mackinney I93f, Sommer L93t ) .

clusion that the symptoms of

matic of copper deficiency.

B

decreased or niI yields resLllting

It was first observed in I93I

to newl-y reclaimed organic soi I s

of this condition (Lipman ancl

This finding obviated the con-

reclamation disease were symptc-

Considerabl-e work has been done in regar,i to copper

deficiency since I93I. The generalization was made by Lucas

and Knezek (1965) ttrat copper deficiency symptoms would occur

when the total copper content was less than six and 30 ppm Cu

in a mineral and an organic soiI, respectively.

Copper deficiency symptoms Ïrave been described by numerous

authors. Nelson et â1. , ( 1956 ) suggested that copper

deficiency symptoms appear first in the youngest Ieaves of

plants. Reduced growth, and grayish green to blue-green color

may precede die-back of leaves. Shortening of internodes is

also conmon. Pizer et â1., (1966) found that marginal and

interveinal chlorosis in leaves, Ieaf bending at right angles,

anrl spiral twisting of leaves are indicative of copper

deficiency. Poor color development in onion skins was also

found to be related to copper deficiency by Campbell and Gusta

(re66). Reuther and Labanauskas (fgeø) found that copper

deficient vegetable crops exhibited chlorosis, necrotic

spotting on the leaves, and a frequent lack of turgor.

Reuther (1957) referred to copper deficiency in smaIl
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grains as whit.e tip, yeJ- low tip, or reclamation disease . T'he

condition was characterized in cereals by necrosis of older

Ieaves and marginal chlorosis of newer leaves. As the con-

dition progressed, leaves remained unrolled and tended to wilt

easily. Davis and Lucas (I959) made similar observations of

copper deficient wheat and added that the symptoms were similar

to that of frost damage. Disorders of ripening in oats and

barley were linked to copper deficiency by Reith (1968). He

found grain did not fill properly, remained bluish green in

color and was of inferior quality and weight. Vitosh et â1.,

(I973) also noted that copper deficient grain displayed abnor-

malities in color. Brown ancf CIark (tgll ) observed that in

addition to the aforementioned symptoms of copper deficiency

the affected ptants of wheat contained higher level-s of re-

ducing sugars, free amino acids, and No3-N than copper

sufficient plants.

Symptoms resulting from insufficient copper nutrition in

Canola were documented by McAndrew (I979). Interveinal chloro-

sis shortly after seedling emergence \^¡as characteristic of this

deficiency. Leaves were abnormally large whereas vertical

growth remained stunted. Compression of floral parts was also

noted.

(e) Factors Affecting the Availabitity of Copper in Soil

(1) SoiI pH. Many workers have suggested that organic soils
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vrith pH values Iess than five are often deficient in plant

available copper (Lucas I948, Lucas and Davis 196I, Lucas 1963,

Steenbjerg and Boken 1963, Hamilton and Bernier 1973). It has

also been suggested that the parent material of acid organic

soils may be deficient due to inherently low total concentra-

tions of copper. Davis and Lucas (1959 ) noted that acid

organic soil-s are often low in plant available copper.

Hami lton and Bernier ( f 97 3 ) also f ounrl that an acid organic

soi I (pH 3 .57 ) containing I .83 ppm of 0 . 1N HCI-extractable

copper was low in plant available copper. Both the above

authors point out that Iiming of an acid peat soil to raise the

pH did not alleviate the copper deficiency. Work presented by

Graves et êI., (fgZg) was in agreement with these findings.

The Iiterature studied showed that the relationship

between soil pH and the plant availability of copper is not

well defined for organic soils. Work conducted by Campbell anrl

Gusta (1966) showed a slightly aci<l organic soil (pH 6.4) to be

copper deficient for onion production. McAndrew (I979) found

several organic soils in Manitoba with a basic pH to be

deficient in available copper for several agronomic crops.

The relationship between soil pH and the plant avaÍI-

ability of copper in mineral soils is also not clearly de-

fined. Bohn and Husyan (fgZf) were not able to find a clear

relationship between soil pH and the pJ-ant availability of soil

copper. Blevins and Massey (1959) were not able to find a

clear relationship between soil pH and the plant availability
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of soil eopper in a mineral soil" However, work done by Dol,ar

and Keeney (I97I) showed that the inclusion of soil pH in

multiple regression equations improved their ability to predict

the total uptake of copper by plants.

The availability of copper generally decreases with in-

creasing soiL pH. Reuther and Labanauskas (1966) pointed to

calcareous soils and alkaline soils as being susPect of copper

deficiency especially if the soils are sandy. Work conducted

by Brady (L97 4 ) was in agreement with this . Caval-laro ancl

McBride (1978) noted that low pH soils are much less effective

than high pH soils in removing Cu++ from the soil solution.

This would imply that an acid soil would not remove Cu** from

solution effectivel-y, and that the cutr remaining in solution

can be Ieached through the soil profile to depths below the

root zone. Evidence of Cu+* Ieaching through the soil profile

in an acidie and coarse textured soit was given by Udo et â1. ,

(f979). with time such removal of Cu++ from the soil solum

would lead to depletion of total copper reserves and eventually

a copper deficiency in plants.

(2) Organic Matter. The relationship between the plant avail-

ability of soil copper and the organic matter content of soils

has been studied by many workers. Shuman (1979) found that

copper in soil was mainly associated with soil organic matter

and clay. In fine textured soils copper was main}y assocj-ated

with the clay and sitt fractions, whereas in a coarse texturerl
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soil the copper was mainty associated with the organic frac-

tion. The importance of organic matter to copper retention in

soils has been demonstrated by several authors. McBrirle and

Blasiak (1979) found that the retention of copper in soils was

more dependent on organic complexation mechanisms than on pH

dependent retention on clay mineral surfaces. Hodgson et âI.,

(1965) determined that as much as 992 of the copper in soil

solution was complexed by the soluble organic fraction of the

soil. Copper which is complexed in this manner would be highly

plant avail-able. Stevenson and Ardakani (I972) also pointed

out that complexing agents in soit solution have the ability to

transfer solid phase forms of micronutrients such as copper

into soluble metal complexes, thus increasing their plant

avai labi I ity .

copper can also be held in an exchangeable form with

colloidal soil organic matter, âs well as in a complexed form

with the solubl-e organic fraction. Lewis and Broadbent (1960b)

determined that most of the cation exchange capacity of an

organic soil v¡as due to phenolic and carboxylic groups of the

organic matter. Previous work done by Lewis and Broadbent

(1960a) showed that in an organic soil, the carboxylic aroups

adsorbed copper as CuOH+ and phenolic groups adsorbe<l the Cu*+

form. In regards to the availabifity of these two forms of

copper, the above authors determined that the copper adsorbetl

by carboxyl groups is not released above a pH of 4.52. In most

organic soils this form of copper would not be available to
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crops. Copper in the Cu** f orm hetti in an exchangeable form by

the phenolic groups of organic soils was found to be largely

plant available (l,ewis and Broadbent 1960a ) .

Specific adsorption of copper by the organic fraction in

soit \das investigated by Petruzzelli and Guidi (I976). They

determined that copper added to an organic soil was, to a large

extent, specifically adsorbed by the humic fraction of the soil

and copper so adsorbed was largely plant available. Mclearn

anci Crawford (1973) reported that copper which had been speci-

fical-Iy adsorbed on soil organic matter was in equilibrium with

soil solution copper and would contribute to the plant avail-

able pool of copper through this equilibrium. In contrast,

Bloom and McBride (1979 ) reported that copper specifically

adsorbed by carboxylate groups v/as unavailable to plants.

The preceding discussion shows that copper adsorbed by

soil organic matter can vary in availability to plants.

Portions of both native soil copper and copper added in ferti-

Iizers can be adsorbed by high molecular weight humic materials

and rendered unavailable to plants. Aceordingly to PetruzzelLi

and Guidi (1976), adsorption of this type predominates until

aII such sites are saturated with copper. Following this reac-

tion, adsorption of copper by lower molecular weight humic

materials occurs. This fraction of soil copper is largely

plant available.

The above adsorption reactions of copper are useful in

explaining deficiencies of copper in organic soils. Since most
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organic soils are low in total and plant available copper,

adsorption of copper by high molecular weight humic materials

usually dominate the system resulting in low concentrations of

plant available soil copper. Copper additions to these soils

result initially in saturation of the high molecular weight

humic materials with copper. As more copper is applieri, the

Iow molecular weight humic materials may adsorb the copper, re-

sulting in formation of organic matter-Cu complexes which pro-

vide plant avail-abIe copper.

(3) other Factors. The influence of clay and silt on the

availability of copper to plants is of little importance in

organic soiIs. However, when these soil fractions are present,

micronutrients enter into cation exchange reactions with them.

CIay minerals have been noted for their ability to adsorb

copper in an exchangeabte form. EIlis and Knezeck (L972) found

that montmorillonite was particularly effective in the adsorp-

tion of copper. They pointed out that clays such as mon*'-

morillonite were able to adsorb eopper in excess of its cation

exchange capacity, probably as a result of the adsorption of

hydrotized forms of copper, or the precipitation of hydroxides

such as Cu(OH)2. The ability of montmorillonite to adsorb

copper in a plant available form was also demonstrated by Banin

and Navrot (L976) who utilized a modified form of montmorillo-

nite as a carrier of copper for plant uptake. Shuman (1979)

noted that copper adsorbed on the surface of clay minerals in
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an exchangeable form was highly pJ-ant available. However, it

should be noted that copper has a much stronger affinity for

soil organic matter when compared to clay minerals. Conse-

quently, most soil copper should be held in association with

the soil organic fraction leaving only a small amount of copper

to participate in exchange react'ions on clay mineral surfaces.

Soil- temperature may also affect the plant availabitity of

copper in soils. McMiIIian and Hamilton (I97I) found that an

increase in soil temperature from I6C to zOC resulteci in an

increase in the tissue concentration of copper and copper

uptake in carrots. As dry matter yields did not significantly

increase in this range of temperature they proposed that an in-

crease in the solubility of copper, or an improvement in the

copper uptake mechanism in the plant occurred as a result of an

increase in temperature. Since copper uptake by plants may be

restricted by lower soil temperature, the low soil temperatures

usually encountered in organic soils may be an additional

fàctor resulting in copper deficient plants on organic soi1s.

(F) Extractants Used for Assessing AvailabLe SoiI Copper

The main objective of any soil test is to determine the

quantity of a nutrient which is plant available. AIso, a soil

test should be useful in assessing the amount of a nutrient re-

quired to alleviate a deficiency. Bray (I948) suggested that a

good soil test should meet the following criteria: (l) ttre
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exLractant should extract all or a proportionate part of the

available form or forms of a nutrient from soils with variable

properties, (2) the amount of the nutrient extracted shoulcl be

measured with reasonable accuracy and speed, and (3) the amount

extracted should be correlated with the growth response of each

crop to that nutrient under variable conditions.

(l) Chelate Extractants Chelating agents have shown promise

as extractants of plant available soil copper. Chelates com-

bine with free metal ions in solution forming soluble compJ-exes

(l,indsay and Norvell 1970). This decreases the activity of the

free metal ion in solution which results in desorption from

soit surfaces and dissolution of Iabile solid phases The

amount of free metal that accumuÌates in solution during the

extraction is therefore a function of both the activity of the

metal in the soil (intensity factor) and the ability of the

soil to replenish those ions (capacity factor) Both factors

are important in determining the availability of elements to

plants. Chelate exLractants such as EDTA, DTPA, and EDDHA have

been used to determine the availability of soil copper to

plants. Chelating agents have been examined for their suit-

ability in assessing plant available soil copper primarily in

minerals soils.

(a) EDTA. The most commonly used chelating extractant

noted that EDTA provided a measure

1S

EDTA. Viets ( 1962 ) of



strongly adsorbed copper and ehelated forms of copper

noted that EDTA dissolved some inorganic precipitates

T7

. He al-so

of copper

that EDTA

of copper

in soils. Dolar and Keeney ( I97I ) indicated

extracted copper f rom t.he soi I solution and f orms

associated with organic matter.

Relatively good relationships between EDTA extractable

soil copper and plant growth and/or copper content of plants

have been obtained by many workers. Reith (f968) classifie,l

soils as being responsive, moderately responsive, and not

responsive to copper additions when EDTA extractable copper

values were <O.7 ppm, 0.7-I.0 ppm, and >1.0 ppm Cu, respect-

ively. McKenzie ( f966 ) found a significant correlation

(r=0.80) between amounts of copper extracted by EDTA and the

total copper concentrations in 82 Australian soils. He also

noted that copper deficient soils could be identified in 90? of

instances based on EDTA extractable copper levels. Oien (1966)

found that quantities of copper extracted by 0.02M NaEDTA were

correlated with yield. Viro (I955) obtained a correlation co-

efficient of O.679 between the amount of soil copper extracted

with EDTA and the fertility status of the soil as measurecl by

density and height of tree growth. McGregor (l-g72) obtained R2

values of 0.9t and O.90 when EDTA extractable copper, soil PH,

and organic matter content were correlated with the copper up-

take of flax and wheat, respectively. Martens (f968) fountl

copper uptake by millet plants to be highly correlated (r=0.57)

with EDTA-extractable soil copper. Beavington and Wright
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(L977) obtained an r value of 0.51 for the relationship between

EDTA-extractable soil copper and the leveI of copper in

herbage.

In contrast to the findings noted above Blevins and Massey

(1959) suggested that copper extracted with EDTA would not pro-

vide a good measure of plant available copper as AI present in

soil would compete with copper for chelation by EDTA.

NorvelI and Lindsay (f g0g) showe<1 that the Cu-EDTA complex

was most stable at pH values near neutral. In an acid medium,

replacement of copper by Fe+3 occurred, whereas in strongly

basic solutions, Ca-EDTA was the dominant EDTA species .

Lindsay and NorveII (1969) developed pH-stability diagrams for

the EDTA complexes that demonstrated that Fe+3 was the major

cation chelated by EDTA below a pH of 6.8. Above this pH Ca+2

was shown to be the dominant cation complexed by EDTA. Further

investigations by Halvarson and Lindsay (tglZ) provided a pH-

stability diagram when Fe+3, ca*2, zn*Z, Mn*2, and cu+2 were

present and competing for chelation with EDTA. They found that

as pH increased above 6.5, zn+2, Mt*2, and cu+2 were more able

to compete with Fe+3 for chelation with EDTA. These results

suggest that for soils of about neutral PH, EDTA can extract

appreciable quantities of copper and that Fe+3 or A1 may not

sufficiently interfere with the Cu-EDTA chelation Process tc

preclude the use of EDTA as a soil test.

(b) DTPA. A comparison of the stability of Cu-chelates
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of EDTA and DTPA in soils suggested similar behavior of these

Iigands (Norvell- and Lindsay 1969; NorveII and Lindsay I972;

Norvell I972) . T'irus, Lindsay and Norvell ( 1978 ) propose,ì that

DTPA could be used as an extractant for plant available soil

copper. Lindsay and Norvell (f969) later showed that EDTA and

DTPA metal complexes behaved similarly when Fe+3 , Zn*Z, Ca*Z,

and H+ were all present and competing for chelation with DTPA.

Halvarston and Lindsay (I972) showed that the amount of

copper complexed by DTPA in competition with other cations \das

very consistent and stable beyond a pH of about 6.0. Norvell

(I972) suggested that in calcareous soils the stability of Cu-

chelates should be in the order Cu-DTPA, >Cu-HEDTA, >Cu-CDTA,

>Cu-EDTA, >Cu-EDDHA, >Cu-EGTA, >Cu-NTA, >Cu-cit. , > >Cu-P2C7,

CuP3O1g, Cu-O*. Norvell and Lindsay (I972) found that Cu-DTPA

showed moderate to good stability over a 30 day period in soils

with pH values between 6.8 and 7 .9. Stability of the complexes

increased with increases in pH.

Lindsay and NorveII (lgøl ) proposed a solution consisting

of O.OO5M DTPA (diethylenetriamine-pentaacetic acid), 0.1M

triethanolamine, and 0.OIM CaCl2 adjusted to pH 7.3 as an

extractant of soil micronutrients. A soil solution ratio of I

to 2 was used and two hours was selected for extraction time.

This extraction procedure is commonly known as the DTPA test.

Lindsay and Norvell (1967) suggested that soils containing Iess

than O.2 ppm DTPA extractable copper may be considered copper

deficient. This value has been widely accepted as the
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deficient leveI of copper in soil even though this critical

Ievel was determined using only a few data points at or near

this level.

FolIet and Lindsay (I97f) indicated that DTPA was useful-

in monitoring the availability of native soil copper.

Proskovec (I976) identified 34 Colorado soils with DTPA extrac-

table copper concentrations below O.2 ppm. He obtained a sig-

nificant correlation between DTPA-extractable soil copper and

ptant available copper where copper fertilizer was added to the

soil. Dolar and Keeney (f97I, I97ta) extracted soil copper

using DTPA and founcl DTPA extractable copper to be highly

correlated (¡=0.78) with copper extracted by a Mg solution.

They also found that DTPA complexed some organically bound

metals as well as copper , zinc and manganese in oxides,

hydroxides or salts.

Reviews of factors affecting the amount of copper

extracted by DTPA were presented by Soltanpour et aI. (1976 
'

reTe) " These studies emphasized the need for maintaining

standardized conditions during extraction in order to obtain

consistent results.

Several modifications were made recently to the DTPA

extraction procedure outlined by Lindsay and NorveII (f967).

These modifications were proposed in order to increase the

rapidity with which soils can be analyzed and to use the DTPA

solution for extraction of nutrients other than copper. Lopez

and Graham (L972) used an extraction solution consisting of
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O.005M DTPA, 0.01M CaCl2 and 0.IM NaOAc to extract copper and

other micronutrients for spectrographic analysis. Soltanpour

and Schwab (l-977 ) and Soltanpour and Workman (fgZg) used a

solution consisting of lM NH4HCO3 and 0.005M DTPA at a pH of

7 "6 to extract P and K as well as other micronutrients. The

coefficient of determination between the standard DTPA test and

the above modif ied method \cas O.745 f or copper. Khan (I9'f 9)

also modified the DTPA soil test by decreasing shaking or

equilibration time from 2 hours to 60 seconds with sonic dis-

persion. Copper extracted during 60 seconds with sonic disper-

sion did not differ significantly from copper extracted during

2 hours of shaking without sonic dispersion.

(c) EDDHA. The chetating agent, Na2EDDHA Iethylenedia-

mine-di (-O-nyaroxyphenol acetic acid) disodium saItl, was also

used as an extractant of soil micronutrient cations (WatIace

and Heimadin L962; Ravikovitch t96B; McGregor I972). However,

this chelating agent was not commonly used as an extractant of

available soil- copper. Halvarston and Lindsay (I972) found

that Fe+3 was very strongly held by EDDFIA at pH values of 4 -O

to 9.0. Copper, ôt concentrations of 0.315 uM did not compete

st.rongly with the Fe+3. However, the formation constants given

by these authors indicate that Cu-EDDHA should be a stable

species when the cu+2 concentration is sufficiently high.

McGregor (L972) showed that soil copper extracted by a

solution consisting of 0.0IM EDDHA and 1.0M NH4OAc at pH 7.O
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was closely related to both copper concentration and uptake by

flax. The 12 values vtere 0.93 and 0.75, respectively. He also

found that soits with extractable copper concentrations of l-ess

than 1.3 ppm did not supply sufficient quantities of copper fcr

maximum growth of flax.

(2) Acid Extractants Various acids and concentrations of

acids were evaluated as extractants of plant availabLe soil

copper. Of the acid extractants, HCI r^¡as one of the most suit-

able extractants of plant available micronutrients (Viets and

Lindsay 1973). Andersson (f975) found that 2M HCI extracted

the total amount of heawy metals contained in a clay soil, in-

cluding any copper that \das of biological importance. Lucas

(I948) found that 0.2M HCL was an effective extractant for

removing copper which had been adsorbed by an organic soil.

Macl,ean and Langille (L976 ) found that the copper

extracted by 0.lM HCI was highly correlaterl with the organic

matter content and clay content of soils. Dolar and Keeney

(I97I) used 0.lM HCI to extract copper froln both organic and

inorganic complexes in mineral soiIs.

McGregor (tglZ ) found that the quantity of copper

extracted by 0.tM HCL was not closely correlated with copper

concentration and uptake by flax and wheat on mineral soils.

However, R2 values of 0.91 and 0.89 were obtained when coPper

concentration in the tissue of flax and wheat, respectively,

were related to soil pH, organic matter, and <0.lM HCl-extract-
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Dolar and Keeney (t97Ib) found that copper

extracted by a mixture of 0. IM HCI and EDTA was closely related

to the copper uptake by oats grown on a mineral soil. Nelscn

et â1., (I956) found that 0.I M HCL extractable copper had

Iittle value in predicting response in yiel-d and copper tissue

concentration of oats grown on an organic soil with and without

fertilizer.

Martens (fg6g) found an R value of 0.847 when pH, organic

matter, p€rcent cIay, and I.0 M HCL extractable copper were

correlated with the uptake of copper by corn. organic matter

content and 1.0 M HCl-extractable soil copper accounted for

most of the relationship (r=0.761). Whitney (1975) advocated

the use of 1.0 M HCL as an extractant of plant available soil

copper on organic soils. This author noted that 1.0 M HCL was

routinely used as a soil test for plant available soil copper

in Michigan for organic soils. Vitosh et ã1., (1973) reporteC

that organic soils in Michigan with less than nine ppm of 1.0 M

HCl-extractable copper did not supply sufficient quantities of

copper for optimal growth of plants. FiskeII and LeonarC

(tgøl ) observed that 1.0 M HCL could be used to evaluate the

plant availability of varying amounts of copper fertiLizet

applied to a sandy soil. These authors also noted that 1.0 M

HCL extract.able copper was highty correlated (r=0.936) witfr the

NH4-Àc-extractabl-e copper content of the same soil"

(3) Salt Extractants. Dolar and Keeney (I97Ia) suspected that



24

a particular chemical fraction of a nutrient may not be the

only source of available nutrient for plant uptake. However,

since the exchangeable fraction of soil coPper represents a

fraction thaÈ is readily available to plant uptake and is in

equilibrium with other fractions of soil eopper, a measure of

this form of soil copper may provide an index of availability

to plants . Dolar and Keeney ( I97 L a ) f ouncl that forms of copper

that \á/ere exchangeable with Mg+2 r NI{4*, or ca+2 ions were

readily available to plants. They also found that copper

extracted by a Mg salt solution \¡¡as highly correlated with

quantities of organically and inorganically precipitated copper

in soil. Since these forms of copper are in a rapid equili-

brium with exchangeable forms of copper, it was postulated that

a measure of exchangeable soil copper may be of value in evalu-

ating plant available soil copper. However, it was later noted

by Dolar and Keeney (I97fb) ttrat I.0 M Mg(NO3)2-extractable

copper was not as well correlated with plant uptake of copper

by oats as was 0.1 M HCI-, 0.001 M EDTA, or 0.005 M DTPA-

extractable copper.

One-tenth molar NH4OAc at pH 4.8 was also useC as an

extractant of plant available soil copper in both Florida

(Mokma et aI. L979) and Michigan (Andersson 1975). Andersson

(1975) noted that NH4OAc was particularly effective in extract-

ing copper from soil, and that this method was effective in de-

termining the plant availabte pool of copper from exchangeable

and easily soluble fractions in near neutral to slightly acid
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soiIs. Viets (l-962) also noted that the cornmon use of I M

NH4OAc as an extractant was useful in measuring the exchange-

able pools of cations such as copper , zínc, and manganese.

Neelkanta (I961) found that 0.lM NH4OAc extractable copper

correlated better with the amount of copper taken up by Jowar

plants than O.IM HCL, O.5M HNO3, O.OI M EDTA, and I M HCL-

extractable copper. Fiskell and Leonard (L967 ) noted that

NH4OAc extractable copper reflected the quantities of copper

fertilizer added to soiIs. However, McKenzie (1966) reported

that 0.02M NH4OAc was not as well suited as EDTA for the

separation of copper deficient and sufficient soiIs.

Other salt solutions such as NH4NO3 and CaCI2 were also

used to assess plant available soil copPer. McGregor (1972)

found that NH4NO3 did not extract sufficient quantities of

copper from Manitoba soils to allow for accurate measurement.

Mclaren and Crawford (f973) used 0.05 M CaCI2 Lo determine soil

solution and exchangeable copper. However, CaCl2 did not

extract sufficient copper for accurate analysis.

The extractants which have proven most useful in the

evaluation of plant available soit copper were discussed in the

preceding section. Many studies were conducted to evaluate the

various extractants for estimating plant available soil copper;

yet no single extractant can be recommended as being univer-

sally acceptable for this purPose on mineral or organic soils.

The DTPA soil test developed by Lindsay and Norvell (1967) is

the most widely accepted extractant for estimating plant avail-
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able soil copper on mineral soiIs. Some soil testing labora-

tories prefer the use of IM HCL on organic soils and IM NH4OAc

on mineral soils as extractants for plant available soil

copper" The differences in preference of extractant used are

undoubtedly due to the nature of copper in soil which varies

with location and soil properties. For example, different

extractants are recommended for determining plant available

soil copper in mineral and organic soils by Whitney (1975). It

is therefore essential to evaluate extractants on a regional

basis to determine the most suitable extractant for a particu-

lar cl-imate and soil type.
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III METHODS AND MATERIALS

(e) An Evaluation of Chemical Methods for Determining Plant

Available Soil Copper in Organic SoiIs-Greenhouse Study

(l) SoiIs. Locations from which

obtained for use in this study ancl

characteristics of the soils are

respectively.

crops to low leve1s of

to fertilizer copper, a

a treatment consisting

on an area basis) were

the ten organic soi ls lvere

some chemical and physical

shown in Tables I and 2,

soil copper and their relative response

control treatment ( no copper added ) an,l

of l-O Kg Cu/ha as CuSO4.5H2o (calculated

applied to each soil. The treatments

(2) Greenhouse Procedures. Barley (Hordeum vulgare var Con-

quest), wheat (friticum aestivum var Neepawa), and oats (Avena

sativa var Hudson) were grown on ten organic soils in a green-

house environmnent using a l6-hour photoperiod, and a tempera-

t.ure of 21"C. Canola (Brassica campestris var Torch) \á¡as grown

on the 10 organic soils in a Conviron ModeI PGW 36 environ-

mental growth chamber A l-5-hour photoperiod with a light

intensity of 550-5OO micro-Einsteins/*2/se" and a day/night

temperature regime of 2L/L7"C were maintained. AII crops were

grov¿n in polyethylene pots.

(3) Fertilizers. To evaluate the sensitivity of the four
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Tab1e 1. Location and description of soils u
ffi

Soi I
No.

Lega I
Location

Soi t
Type

I
2
3
4
5
6
7
I
9

10

NW I/4 of ZA-L-IIE
NE r/4 of 2L-L7-98
NE r/4 of 19-17-98
sw r/4 of 24-r-r1E
sE r/4 of 25-5-BE
Nr^r r/4 0f t0-5-BE
sE r/4 of 2-5-8E
sw L/4 of 32-r7-9E
sE r/4 of 12-5-8E
Nw r/4 of 6-2-l-0E

Typic Mesisol
Terric Mesisol
Terric Mesisol
Typic Mesiscl
Terric Mesiscl
Terric Mesisol
Terric Mesisol
Terric Mesiscl
Terric Mesiscl
Terric Mesiscl

TabIe 2. Some physical and chemical characteristics of soils
used in greenhouse studies.

SoiI No. I 2 3 4 5 6 7 I 9 IO

organic laatter (t) a7.3 46.2 84.0 89.1 75.8 99.5 80.5 9L.4 86.1 9L.7

BuIk Der¡sity (g/cc) 0.14 0.l5 0.12 o.r2 0.19 0.16 o. 18 o. 11 0.18 0. t5

SoiI ËI 6.3 5.1 5.9 5.8 6.9 7.3 6.6 6.2 7.2 6.4

Corductivitv
(rm¡os/sr?)' 0.4 2.O 1.0 0.4 0.5 0.6 0 0.4 0.3 0.1

Inorganic Carbor¡ates
(Bcaoo3)

ÌÐ3-N (ppn)

NalIOo3 Ext. P (pçrn)

MQAc Ext. K (pp'n)

So¿-S (pçrn)

0.6

257

14.7

276

9.4

o.7

53.4

17.I

54.8

4*

0.7

532

153

t96

+

0.I

27.2

22.2

47.5

+

L,2

347

2L"9

150

20.0

1.3

3l_t

39.7

138

+

r.0

83.9

16.2

77

+

0.8

54.9

27 "5

334

+

1.9

418

24.3

r50

+

o.7

3.7

8.5

79.3

3.0

Field Capacity
(BH2o) 388 503 306 418 233 354 46r 533 384 592

* So4-S concentratior¡s h¡ere greater tlnn 50 ppn.
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were replicated three times and soils and treatments arranged

in a randomized block design. The weights of soil used per pot

for each soil are given in Tab1e 3.

Every pot received lOO Kg t¡/ha as NH4NO3, 50 Kg p/ha as

(Wun)2HPo3, I0O Kg f/ha as K2So4 and 50 Kg s/ha as K2So4 and

CuSO4 5H2O. AII fertilizer materials were dissolverl in

deionized water, and sprayed onto the entire thinty spread soil

mass which was then thoroughly mixed.

Twelve cereal seeds or 20 Canola seeds were planted 2.5 cm

below the soil surface of each pot. The cereals were thinned

to eight plants and CanoIa to four plants per pot one week

after emergence. The pots were watered daily to field

capacity.

(4) Harvest Procedures. Barley, wheat, oats and Canola were

harvested 72, 62, 82 and 46 days after seeding' respectivel-y.

The crops were grown on growth benches and large variations in

the air temperature occurred during the growth period of the

various crops . Undoubtedly, days to heading was af f ecte,l by

the variations in temperature. The cereals were harvested at

heading and the Canola at the early flowering stage. Pl-ants

were cut near the soil surface, washed with deionized water to

remove adhering soil Particles, placed in paper bags, and dried

for 48 hours in a forced air oven at 85"C. The plant samples

were weighed and then milled to a fine powder in a domestic

coffee grinder.
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Table 3. Welght of each soil used in the greenhouse study

SoiI No. tùeight of oven dried soil (g/pot)

l_

2

3

4

5

6

7

I
9

lo

385 .6

409. B

608.6

422 .4

534.9

437.4

507.4

324.4

498. I

405 .6
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( B ) An Evatuation of Chemical Methods for Determinj¡19_!_!en'!

(f) Soils. Field studies were conducted at three locations in

southeastern Manitoba in I979. One site was located near Piney

on the NW L /4 of 24-I-I1E on a Typic Mesisol of the Stearl

series (MiIls et êI, 1977 ) " A second site vras locate,i near

Stead on the SW I/4 of ?-L7-L9E on a Terric Mesisol. A third

site near Marchand was located on the NW l/4 of I0-5-8E, also a

Terric Mesisol. Some physical and chemical characteristics of

these soils are shown in Table 4.

(2) FieId procedures. Barley (Hordeum vulgare var Conquest)

and wheat (triticum aestivum var. Neepawa) were seeded at 110

kg/ha and Canola (Brassica campestris var. Torch) at seven

kg/ha at each of the three field sites. Seeding dates for each

crop and site are shown in Table 5. Due to wet conditions in

the spring of 1979 all crops $/ere seeded late. The Canola seel

was treated with furadan prior to seeding. The field plots

were arranged in a randomized block design with five treatmenls

per crop replicated six times (figure I). Individual treatment

ptots were six 0.18-m rows wide and 6.10 m in length, providing

6"53xIO-4 ha of land area per treatment plot. Replicate blocks

brere separated by a I.52 m roadway. A 5.4 m buffer strip of

barley separated the cereals and the Canola croP to avoid

herbicide damage during spraying operations ' The entire
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Table 4. Some physical and chemical characteristics of soils

Location

Piney Stead Marchand

Organic Matter (t) 76.9 79.2 70 .6

BuIk Density 1g/cm3) 0. 14 o.L2 0.r-6

Soil pH 6.6 6.2 7.2

Conductivity (m mhos/cm) o.7 0.8 2.2

No3-N (Kglha)* 50. 3 30.3 66.1

Bray I Ext. P (Xg/fra) 0.19 2 .40 0. t4

NH4Ac Ext. K (xglfra) 47 .5 83.7 70 .6

so4-s (Kg/ha) * 16s 300 375

Inorganic Carbonates (t) .14 .06 .74

Field Capacity ( t Hzo ) 403 474 366

Determined on the 0 to 60-cm depth, ãII other analyses were
conducted on the 0 to l5-cm depth.

Table 5. Seeding dates for barley, wheat and Canola in l-979.

Crop

Location Barl-ey Wheat CanoIa

Piney June 4 June 5 June 4

Marchand June I June 2 June I

Stead June 12 June 12 June 11
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Figure 1" 1979 Field plot design.
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site was enclosed by six guard rows seeded to

Each field site was sprayed with Round-up

seeding. Broadleaf weeds in the cereal crops

by the use of Banvel-3 applied at recommended

of sow thistle and other broadl-eaf weeds in

was achieved by repeated hand weedings.

barley.

t0 days prior to

were controllecl

rates. Control

the CanoIa plots

(3) Fertilizers. The fertil-izer treatments applied to the

field plots are outlined in Table 6. Atl crops received I2C Kg

U/ha mostly as commercial grade ammonium nitrate banded into

the soil prior to seeding. Wheat and barley received comrner-

ciat grade ammonium phosphate at 50 Kg P2O5/ha applied with the

seed. Twenty-five Kg P2o5/ha were applied with the Cano1a seed

at time of seeding. AII crops received 2OO Kg R2O/ha as KCL

broadcast prior to seeding. Additional sulphur as gypsum

(CaSO4.HZO) was apptied to treatments 1, 2, 3, and 4 of wheat,

6,7,8 and 9 of barley and 11, 12, 13, and 14 of Canola in

amounts such that aIl treatments received equal amounts of

sulphur (equa1 to the amount applied with the CuSO4.5H2O at 40

Kg cu/ha). Copper as CuSo4.5H2o was applied at 0, 5, I0, 20

and 40 Kg cu/ha. fhe CuSo4. 5H2o \.¡as dissolved in deionized

water and sprayed onto the soil surface. AtI plots were then

rototilled to a depth of 15 cm and the copper fertilizer well

mixed with the soil.
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TabIe 6. Fert.ilizer treatments applied to field plots.

Crop Treatment
No.

Nutrient Àpplied (Xg/Ï¡a )

N Pzos K S Cu

wheat
il tr

il ll

il tl

Ill

barley
Ill

ll ll

il ll

ll ll

canola
ll ll

Iil

ilI

Ill

I
2
3
4
5
6
7
I
9

IO
11
L2
I3
I4
t5

L20
r20
120
r20
120
120
L20
r20
L20
L20
120
L20
L20
r.20
r20

50
50
50
50
50
50
50
50
50
50
25
25
25
25
25

200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

20
I7
15
10

0
20
L7
l5
10

0
20
L7
15
IO

0

5

5

5

0
5

IO
20
BO

0
5

IO
20
40

0
5

10
20
40
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(4) Miclseason Harvest

(a) PIant SampIing. Entire wheat, barley and Canola

shoots were sampled about midway through the growing season

when the cereals were at the boot stage of growth an,1 the

Canola was at the early flowering stage. Dates of sampling are

shown in Table 7 . Samples were taken from the 2nd and 5th ro\ds

of each treatment plot at a minimum distance of 1.52 m from the

roadways. Plants were cut as close to the soil surface as

possible, placed in sealed plastic bags and frozen as soon as

possible. Prior to analysis, the samples were thawed, washed

in deionized water, air dried and then ground to a fine powder

in a domestic coffee grinder.

(b) Soil Sampling. Soil samples were taken to a depth of

l-5 cm from each treatment and crop at time of sampling for

plant tissue analysis. The samples were taken from the area

from which the plants had been cut. The soil samples were

placed in plastic bags and frozen as soon as Possibte. Prior

to anal-ysis, the samples were thawed, air dried, and milled to

a fine powder in a domestic coffee grinder. The samples were

then analyzed for copper using several extractants.

Final Harvest. Final grain harvest dates are shown in(s)

TabIe

strip

8. Grain and straw yields were obtainecl on a 3 .05-m

of crop taken from the centre two rows of each treatment
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wheat and CanolaTabIe 7. Midseason harvest dates for barle
in 1979.

Crop

Location Barley Wheat CanoIa

Piney August I August I July 20

Stead August I August B JuIy 27

Marchand August I August I JuIy 17

TabIe 8. FinaI harvest dates for barley, wheat and Canola in
IY IY.

Crop

Location Bar I ey Wheat CanoIa

Piney Sept. I Sept. 15 Aug.10

Stead Sept. 6 Sept. 24 Aug. 27

Marchand Aug. 29 Sept. 14 Aug. 17
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plot I.52 m from the roadway. fhe plants were cut by hancl

approximately five cm above t.he soil surface and placed in

cloth bags. The samples were dried and Lhen threshed. Weights

of straw and grain were obtained and yields calculated.

(C) Analytical Procedures

(1) Ptant Tissue Analysis. A two-gram sample of ground plant

tissue was pl-aced in a micro-K jeldhal f Iask, 10 .0 ml- concen-

trated HNO3 and 15 ml- 708 HCl03 added, and the mixture digested

until clear using a micro-Kjel<lhal unit. fhe plant digest was

filtered through Whatman No. 42 filter paper into a 25-mI vol-u-

metric flask and diluted to volume with deionized water. The

copper, zinc, iron and manganese concentrations in the solu-

tions were determined using a Perkin-Elmer 303 Atomic Adsorp-

tion Spectrophotometer.

Concentrations of Ca, Mg and K were determined on a one-m1

aliquot of the above digest diluted to 25 mI using 2.5 ml of a

2500 ppm Li NO3 solution and 2I.5 mI deionized water. The con-

centrations of Ca, Mg and K were determined using a Perkin-

Elmer 303 Atomic Adsorption Spectrophotometer.

Phosphorus concentrations in the plant digest \dere deter-

mined as described by Stainton et âI. , (lgla) . A 0. 5-mI

aliquot of the original digest was diluted to tO"5 ml- using

deionized water. A 0.5-ml aliquot of the dilute <ligest was

then diluted again to 10.5 mI and reacted with 2.O mI of a
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solution containing 25O g/L ascorbic acid and 7.5 g/I ammoniurn

molybdate. Phosphorus concentrations were then measured using

a Spectronic 100 UV-visible spectrophotometer set at 885 nm.

Concentrations of sulphur in the plant digest h/ere deter-

mined as described by Lazrus et â1., (1966). A O.2 mI atiquot

of the original plant digest was diluted to 30 ml and reacte(l

witn a solution containing I .576 g/ L BaCI2 and O.236 g/ t

methylthymol blue at a pH of 2.5-3.0. Excess BaCI2 reacted

with the methylthymol blue which formecl a colored chelate at a

pH of L2.5 to I3.0. Since the methylthymol blue and the BaCl2

were initially equimolar, the amount of uncomplexed methyl-

thymol blue as measured on a Auto Analyzer II at 460 ruî re-

flected the amount of sulphur in the sample.

(2) SoiI Anatysis. Organic matter vras determined on the field

and greenhouse soils by the Walkley-Black method as descrilred

by AIIison (1965). Titrations were conducted using an auto-

mated potentiometer.

Soit pH was determined on a 3:l soil to water paste using

a standard glass-calome1 pH electrode. Conductivity was deter-

mined on the same paste using a standard conductivity cell.

The inorganic carbonate content of the soil samples \das

determined by reacting a O.5-g sample of soil with 40 mI. of

0.IM HCL. The COZ evolved kÍas collected on ascarite and the

change in weight of the ascarite was taken to be the weight of

COZ evolved.



40

The field capacity moisture content and bulk density of

each soil were estimated by filting a plastic cylinder of known

volume with a known weight of soil. Since the moisture content

of each soil had been determined, its oven dry weight anri the

bulk density could be calculated. The full cylinder was then

saturated with water and allowed to drain through Whatman No.

42 filter paper for 24 hours. A subsample was removed from the

centre of the tube and the moisture content (fieId capacity)

determined.

Nitrate-nitrogen was determined by Harper's modified

phenoldisulphonic acid method (Harper, 1924). Five g of air

dried soil were extracted with 50.0 mI of a solution containing

O .O2 M CuSO4 and 0.06t AgSO4. NitraLe was measure,C

colorimetrically as the nitrate form of phenoldisuphonic acid

in an alkaline solution using a CeciI Instruments 2O2

Ultraviolet Spectrophotometer at 4I5 nm.

Exchangeable K was extractecl by shaking a five-grarn sample

of soil in 100 ml of solution containing 1.0 M NH4OAc and 25O

ppm LiNO3 for one hour. fhe solution v¡as filtered through

Whatman No. 42 filter paper into a l-25 mI Erlnmyer fLask.

Potassium concentration in the filtrate was determined using a

Perkin-Elmer 303 Atomic Adsorption Spectrophotometer.

Sulphate sulphur was extracted by shaking 25 grams of soil

in 50 mI of distitled water for 30 minutes. The suspension was

filtered and the sulphate sulphur concentration in the filtrate

determined as described previously.
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(3) Extraction of Plant . Several

different extracting solutions were evaluated. However,

extraction procedures were the same for all extractants. A

two-gram sampì-e of soil v¡as shaken for one hour in 20 mI of

extracting solution. fhe suspensions were then centrifuged at

1800 rpm for l5 minutes and the supernatants filtered through

Whatman No. 42 filter paper into 50 mI Erlnmyer flasks Ttre

copper concentrations in the filtrates were determined using a

Perkin-EImer 303 Atomic Adsorption Spectrophotometer. The

various extracting solutions userl for the greenhouse studies

are Iisted below.

J. M NH4NO3

IMKCL

3. O.I M HCL

4. lt Na2EDTA (ethylenediaminetetraacetic acid, disodiun

. salt)

5. 2E Na2EDTA + J- M NH4OAc adjusted to a pH of 7.3

6. 0.1 M Na2DP + I M NH4OAc adjusted to a pH of 7.3.

Na2DP could not be purchased and was prepared from ethylene-

diarnine di (o-hydroyphenyl acetic acid) (EDDHA) which v¡as 90?

pure. fhe EDDHA was purified by grinding the EDDHA to a fine

powder using a mortar and pestle, shaking in methanol (ACS Re-

agent Grade, glass distilled) for 15 minutes, and then centri-

fuging for 20 minutes at 500 rpm. The supernatant was decanted

and discarded and the remaining compound dried and ground. One

hundred ml of deionized water containing 3.6 g of the purified
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EDDHA,0"B g. NaOH and O.77 g.NH4OAc were shaken for one

hour. Any undissolved materials v/ere considered as impurities

and were removed by filtration, weighed after drying and then

discarded. Additional EDDHA eguivalent to the weight of the

amount discarded above was then addeci. The resulting solution

was adjusted to a pH of 7.3 with HcL and diluted to a final

volume of one litre.

7. 0.005 M DTPA (diethylemetriamine pentaacetic acid) + +

O.01 M CaCl2 + 0.lM TEA (triethanolamine) adjusted to a pH

of 7 .3.

Solutions used for extracting copper

obtained from the fiel-d plots were:

I. 1 M HCL

from the soils

+ 0.lM TEA, adjusted to a2. 0.005M DTPA + 0.0I M CaCl2

pH of 7.3

3. tE Na2 EDTA

4. 2* Na2 EDTA, and

5. Na2DP.
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IV RESULTS AND DISCUSSTON

Greenhouse experiments v/ere conducted to evaluate various

chemicals as extractants of plant available copper from organic

soils. Barley, wheat, oats and Canola were grown with and

without fertilizer copper. Relationships between extractable

soil copper and percent yield or plant copper concentration

were investigated.

(A) Greenhouse

( I ) Yietds. Yields of barley receiving no copper varied from

2.8 to 17.9 g/poL whereas yields of barley receiving copper

varied from 3.4 to 22.O g/pot (table 9). Yields of barley v/ere

significantly increased by copper fertilization on only four of

I0 soils studied It is interesting to note that copper

fertilization actually decreased yields on three soils The

extremely low yields on soil no. 9 and the negative yield

response to copper fertilizer on soil no. 6 were most likeJ-y

due to low levels of Mn in the barley tissue when fertilizer

copper was apptied (Appendix 1A). T'he manganese concentrations

in barley grown on these soils were about 12 to L4 ppm when

treated with copper fertilizer. The critical concentrations of

manganese in barley tissue at the boot stage has been shown to

be about 25 ppm (Ward, êt ðI., f973). The negative response to

copper on soil no. 2 may have been related to Ìow
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Tabte 9. Effect of copper fertilizer on yield of barley (g/pot)
- greenhouse study.

Soil No. YieId (g/poL)

no Cu I0 Kg Cu/ha

I
2
3
4
5
6
7
I
9

10

17 .9
t3.3
tl.5
13 .2
4.6
7.9
9.1

10.8
2.4

16.9

22.O
11.4 "(-)
12 .6
16.3 *
15.I *
6.7 "(-)16.5 *

16.8 *
3.4

14.3 "(-)
Average 10. B 13.5

* Yield with copper significantly greater than without copper
( P=.05 )

*(-) Yietd with copper significantly less than without copper
(p=.05)

Table 10. Effect of copper fertitizer on yield of wheat (g/pot)
- greenhouse study.

SoiI No. YieId (s/pot)

no Cu 10 Kg Cu/ha

I
2
3
4
5
6
7
I
9

10

r_r.7
7.4

16.5
7"9
2.9
2.O
1.0
2.5
0.9
2.2

20 .4
24.4 *
18.6
L9.7
13.7 *
12.6 *
L2.6 *
22.7 *
3.5
5"9

Àverage 5.5 15 .4

* Yield with copper significantly greater than without copper
( P=.05 )
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concentrations of iron in the plant (Appendix IA) (Ward et ä1. ,

r973).

In contrast to the results obt.ained for barley, applica*

tions of copper appeared to increase yields of wheat in all

instances (table 10) although the increases were significant in

only five of ten soils studied. The lack of statistical signi-

ficance in instances where there were relativety large yielri

increases was likely due to extreme replicate variability and

insufficient number of replicates. The extremely low yiel-ds on

soils 9 and 10, even with copper fertilizer, were related to

the extremely low concentrations of manganese (approximateLy 5

ppm) in the wheat plants (Appendix 2A). Yields of wheat were

less than yields of barley when copper was not applied. This

in<licates that barley was more tolerant to low levels of soil

copper. McAndrew (I979) also noted that barley was not as

susceptible to copper deficiency as was wheat. Average yields

of wheat h/ere similar to those of barley when

applied.

copper was

Dry matter yields obtained for oats (ta¡le 11 ) were simi-

Iar to those obtained for barley. The average yieì.d of oats

from the t0 soils v/as 10.8 and 13.5 g/poL without copper ancl

with I0 Kg Cu/ha, respectively. Oat yields appeared to respond

positively to copper on aIl except soil no. I where a slight

decrease in yield with copper occurred. However, the yield

increases h¡ere statistically significant on only three of ten

soils indicating that oats were relatively tolerant to low
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Table 11. Effect of copper fertilizer on yield of oats (g/pot)
- greenhouse study.

Soil No. YieI<1 19/pot )

no Cu t0 Kg Cu/ha

I
2
3
4
5
6
7
B
9

10

18. 3
12.2
II . O
14. 3
7.2
8.3

10.9
12 .5
8.5
4.4

L7 .6
L4 .2
l_r.1
16.4 *
8.6
9.1

14.6 *
18.3 *

q)

5.9

Average r0.7 L2 .5

* Yie1ds with copper significantly greater than without copper
( p=.05 )

Table L2. Effect of copper fertilizer on yield of CanoIa
(

Soil No. YieId 1slpot)

no Cu 10 Kg Cu/ha

I
2
3
4
5
6
7
I
9

TO

L2.7
Ir.3
11.7
L2.2
7.7
6.0

r5.4
r0 .4
2.6

12.7

L3.2
r2.8
r2.9 *
13.8
17.3 *
10.4 *
15.2
L3.2
15.3 *
12.3

Average t0.3 13.6

*Yields with copper significantly greater than without copper
( e=.05 )
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copper supply. As noted for barley and wheat, oat yields were

Iow on soils no. 9 and 10. Manganese concentrations in oat

tissue grown on these soits were about I ppm (Appendix 3A),

weII below the critical concentration of 25 pprn suggested by

Ward et â1. , ( 1973 ) .

Supplementary copper increased Canola yields significantly

on four of ten soils (lable 12). The negative yield response

to added copper on soil no. I0 was probably due to low manga-

nese concentrations in the Canola tissue (I0-f4 ppm Mn) (appen-

dix 4A). The yield decrease when copper was added to soil no.

7 however, was not related to low nutrient concentrations in

the plant. Canola, barley and oat dry matter yields obtaineC

without copper fertilizer were similar indicating that these

crops were similar in their tolerance to low copper supply.

(2) Percent Yield. Percent yietd ( (YieId 'rrithout copper,/yieId

with copper) x100 ) was calculated to further illustrate the

response of various crops to copper fertilizer. The most

responsive crop Lo copper fertilizer was wheat which had an

average percent yield for the ten soils of 322 (ta¡le 13).

Percent yield values for barley, oats and CanoIa h/ere similar

and were 838, 878 and 778 respectively.

Sensitivity of the crops to low copper suppJ.y was wheat

was much more sensitive than Canola, barley and oats. McAndrew

(L979) found the sensitivity of crops to low copper supply was

wheaÈ > oats >barley> Canola . The relative sensitivity of the
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Table 13. Percent yield* of crops - greenhouse studies.

Soil No. Bar 1 ey Wheat Oats Canola

1
2
3
4
5
6
7
I
9

10

8L
117

91
8t
3l

II8
55
64
75

118

57
30
89
25
2T
T6
I

II
27
3B

104
87
99
87
84
92
76
6B
93
75

96
92
91
8B
45
5B

101
79
T7

103

Average 83 32 B7 77

* I yield = (yieId without copper fertilizer/yietd with copper
fertitizer) x I00



crops to low copper given by McAndrew (1979) was established

only one organic soil whereas 10 organic soils were userl

this study.

( 3 ) Plant Copper Concentrations. Copper concentrations in

barley shoots varied f rom O.7 to 2.7 ppri when no copper was

added (fable l4). On five of the ten soils studiecl barley

shoot copper concentrations were below the low range of 2.3-3.7

ppm established by McAndrew (1979). None of the soils produced

plants with copper concentrations in excess of this range.

Addition of copper increased copper concentrations in the

plants to adequate IeveIs in aIl instances. Copper concentra-

tions in barley shoots varied from 6.3 to 10.6 ppm when t0 Kg

Cu/ha v/ere added to the soil.

The copper concentrations in wheat shoots varied from I .0

to I.6 ppm, when copper was not applied. In all instances the

concentration of copper in wheat grown without copper fertili-

zer v¡as below the level required for proper plant growth

(McAndrew 1979). Copper fertilization increased copper concen-

trations in wheat to adequate levels except on soil no. 6 where

the copper concentration in wheat receiving copper was only 3. B

ppm. The manganese concentration in wheat grown on this soil

was 4.9 ppm when 10 Kg Cu/ha r¡¿ere added. Thus, the severe

manganese deficiency may have impaired the plants ability to

take up copper. Excluding plants grown on soil no. 6, copper

concentrations in wheat shoots varied from 4.2 to A.7 ppm when

49

on

in
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Table L4. concgntration of copper in barley, wheat, oats and
Canola shoots as affected by copper fertilization -@s.

Soi t
No.

Treatment #1
BarIey

#2
Wheat

#l-
Oats

#l
Canol-a

T no Cu
I0 Kg Cu/ha

2.5
8.8

r.2
6.0

2.5
5.7

2.6
3.4

2 no Cu
10 Kg cu,/ha

r.5
6.3

1.3
4.8

1.1
5.8

4.r
10.l

3 no Cu
10 Kg cu/ha

2.5
7.5

1.6
6.4

3.0
6.5

4.9
6.7

4 no Cu
t0 Kg Cu/ha

1.3
6.3

1.1
5.3

1.8
4.8

5.2
6.5

5 no Cu
r0 Kg Cu/ha

o.7
6.5

1.3
5.6

r.0
3.2

L.7
4.9

6 no Cu
I0 Kg Cu/ha

2.5
r0.0

1.6
3.8

2.5
3.3

4.4
4.r

7 no Cu
10 Kg Cu/ha

1.3
6.9

L.6
4.2

2.5
3.3

2.5
4.4

I no Cu
10 Kg cu/ha

2.7
9.1

1.0
4.4

t.0
3.4

3.6
4.6

9 no Cu
10 Kg Cu/ha

2.5
10.6

2.O
7.6

1.0
5.2

'to
4.2

10 no Cu
10 Kg Cu/ha

r.I
6.3

L.4
8.7

2.9
5.6

3.7
2.r

*l Average of one analysis on each of three replicates
*2 Plant material from alI three repJ-icates was bulkecl and

analysis was conducted in duplicate
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copper was added.

Oat plants receiving no fertilizer copper contained 1.0 to

3"0 ppm Cu. OnIy four of the ten soils (soil- no.2,5,8 and

9) produced plants with copper concentrations below the low

range of L.7 to 2.5 ppm Cu (McAndrew 1979). Copper concentra-

tions in oat plants on soil no. 3 and 10 were in excess of 2,s

ppm and not considere,l low in copper (McAndrew 1979). Copper

concentrations in oats grown on the remaining four soils were

within the low range (McAndrew 1979). Copper fertilization in-

creased copper concentrations in oat plants in alr instances.

Copper concentrations in oat shoots varied from 3.2 to 6.5 ppm

when 10 Kg Cu/ha v¡ere added.

Canola plants grown on soils without copper contained I.7

to 5.2 ppm Cu. None of the Canola plants had concentrations of

copper less than the low range of L.7 to 2.5 ppm Cu given by

McAndrew (1979). Copper concentrations in Canola grown on

three soils were within the low range whereas seven soils pro-

duced Canola which contained sufficient copper. Copper concen-

trations in the plants varied from 2.I to 10.1 ppm when copper

was added. On Soil no.10 and 6, addition of 10 Kg/ha de-

creased the concentration of copper in Canola shoots. This was

probably due to the manganese deficiency encountered on these

soiIs. Except for Canola grown on soils 6 and 10, copper

Ievels in Canola shoots varied from 4.2 to 10.I ppm where 10 Kg

Cu/ha were addecl.
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(4) Amounts of SoiI Copper Extracted - Greenhouse Study.

The average total copper concentration in the l0 soils

studied was 13.1 ppm, but the total copper concentration varied

from 9.1 to 28.3 ppm (TaUle 15). The extractants in all cases

extracted only a portion of the t.otal soil copper. Amounts of

copper extracted from the soil by the various methods varierl

f rom 0 . t to 2.4 ppm. Much less copper was extracted by 1 14

NH4NO3 and 0. t M HCL than by the other extractants. Degree of

variation among the soils in the amount of copper extracterì was

dependent on the extraction method used. One M KCL extracted

approximately the same amount of copper frorn aIl soils.

Ammonium nitrate extracted very smaII amounts of copper from

the soil-s, with the amount extracted being very similar for alt

soils. In contrast, the amount of copper extracted by the

other reagents varied among the soils. For example, 1B Na2

EDTA extractable soil copper varj-ed from I.1 to 2.4 ppm with a

standard deviation from the mean of 0.45 ppm Cu This

represented the greatest variation in extractable copper for

the methods used. Amounts of copper extracted by 2Z Na2EDTA,

0.01 M Na2DP and DTPA were similar and varied less among soils

than amounts of copper extracted by lt Na2 EDTA. In no case

was the amount of extractable soil copper related to the total

concentration of copper in the 10 soils studied.
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Table 15. Tbrtal ar¡d extractable r in the soils used in the
ES

Ðçtrae-
tants

Soil
No.

Tbt-a1 CU

IM
MQlIo3

1M
KO,

O.IM
Hg,

1t
Na2EII|À

2Z
Na2EDIA

0.01M
Na2DP DTIPA

I
2
3
4
5
6
7
I
9

10

13.6
28.3
11 .4
9.6

I0.9
10. 7
11 .9
9.1

11.2
14.4

0.L
0.4
0.4
0.3
0.3
0.4
0.3
0.4
0.4
0.4

r.5
1.5
r.6
r.5
1.5
1.6
r.6
r.6
1.5
r.7

o.4
1.3
o.4
0.1
0.4
o.4
0.5
0.6
0.4
0.4

2.4
1.9
2.3
L.4
1.3
1.3
2.r
1.6
1.1
1.6

2.2
1.9
2.r
L.4
t.8
1.9
2.r
1.5
1.6
1.9

L.7
1.3
r.7
L.4
t.8
r.7
t.7
1.3
1.3
r.1

r.2
r.1
].0
0.8
0.8
0.9
0.9
0.9
0.8
0.3

Ave.
St. Dev.

I3. II
5.6

0.3
0.1

1.6
o.7

0.5
0. 3r_

r.7
0.45

1.8
o.27

1.5
o.25

0.9
o.24
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(5) Relationships Between Extractable SoiI Copper and I yield

or Plant Copper Concentration - Greenhouse Studv

(a) Retationship Between Extractable SoiI Copper and B

Yieltl. Linear regression analysis was userl to describe the

reLationship between percent yierd and the amount of copper

extracted by each of the extractants in order to assess each

extractant's ability to estimate ptant avail-able soil copper.

A sumnary of equations derived from each crop and extractant

are shown in Tables t6 to 19.

None of the extractants adequately estimateC ptant avail--

able soil copper for the ten soils and four crops used in this

study. The 12 values for the relationships between t yield and

extractable soil copper varied from 0.0002 to O.44. Twenty-

four of the 28 12 values were berow 0.20, indicating that most

of the relationships h¡ere very poor. rn addition, negative

slopes were obtained for those relationships which were statis-

ticarly significant 1e=.05). The extremely poor rerationships

obtained in this study may have been due to the manganese

deficiencies encountered on some of the soils, and the smarr

range of extractable soil copper values encountered. However,

despite the limitations noted above, it is apparent from the

nature of the relationships obtained that these extractants

would be of little value in estimating degree of response tc

applied soil copper.

(b) Relationships Between Extractable Soil Copper and
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TabIe 16. Relationships between t yield of barley and the
amount of extractable soil copper as determined by
several methods - greenhouse study.

Extractant Regression Equation r2 S. E.

I M Mt4No3
IMKCL
O.I M HCL
18 Na2 EDTA
2Z Na2 EDTA
0.01 M Na2DP
DTPA

Y - L25.9 125.5 X
! = 327.3 156.5 X
! = 92.4 19.0 X
Y * 74.I + 5.32 X
J = 147.4 34.9 X
! = 155.8 48.4 X
! = 77.5 + 6.47 X

0.17
0. 14
0. 004
o. 007
0. r0
0.17
0.003

28.O
28 .6
30 .2
30 .7
29.2
28 .2
30. B

J = I Yield
X = Extractable* statistically** statistically

Soil Copper (pprn)
significant at the
significant at the

5g leve1 of
ft level of

probabil ity
probabi I ity

Table 17. Relationships between I ield of wheat and the amount
of extractable so er as eter severa
methods - greenhouse study.

Y
X
*
**

= E Yield
= Extractable SoiI Copper (ppm)
statistically significant at the 5B
statistically significant at the lt

Ievel of probabiilty
level of probability

Extractant Regression Equation r2 S. E.

I M NH4NO3
]. M KCL
0.1 M HCL
lt Na3 EDTA
2t Na2 EDTA
0.0f M Na2DP
DTPA

] = 10.6 + 63.5 X
y =(-20.3) + 150.8 X
! = 26.0 + L2.6 X
Y = 42.2 5.9 X
f = 89.8 3I.3 X
J = 131.0 65.9 X
Y = 57.8 29.4 X

0.06
0.19
o .26
0 .01
0.12
o .44*
0 .08

25.t
23 .4
25 .6
25 .8
24 .4
19.5
53 .9
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Table 18. Rel-ationships between E yield of oats and the amount
of extraetable soil copper as determined by several
methods - greenhouse study

f = * Yield
X = Extractable
* statistically** statistically

Soil Copper (pp*)
significant at the 5t
significant at the 1t

level of probability
level of probabil-ity

Table

f = E Yield
X = Extractable
* statistically** stat.istically

Soit Copper (pp*)
significant at the 58
significant at the It

level of probability
level of probability

I9. Relationships between S yiel-d of Canola and the
amount of extractable soil coÞÞer as determined b
several metho

Extractant Regression Equation r2 S. E.

I M NH4NO3
IMKCL
O.I M HCL
It Na3 EDTA
2t Na2 EDTA
0.0f M Na2DP
DTPA

f = 84.3 + 6.55 X
f = -Iz.L + 6.32 X
f = 42.5 + 8.14 X
{ = 88.4 1.14 X
f = 106 10.6 X
! = I32 30.4 X
Y = LO2 I7.9 X

0.003
0. r-6
0 .05
0. o02
0. 06
o .44*
0.15

tl . B
r0.9
11.5
1r_ . B
tt.5
8.8

10 .9

Extractant Regression Equation r2 S. E.

I M NH4NO3
lMKCL
0.1 M HCL
18 Na3 EDTA
28 Na2 EDTA
0.0I M Na2DP
DTPA

J = LOz 73.7 X
Y =(-38.8 ) + 74.3 X
f = 36.0 + 105.1 X
Y = 42.2 3.1 X
! = 74.O + I.7 X
!= 64.0 + 8.7 X
\/ = ll-3.6 42.O X

0.06
o.03
o .23
0. o02
0.0002
0. 006
0.13

29.r
29 .5
26 .4
30.0
30.0
30.0
28. r_
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Y
X
*

as determined several extractants reenhouse
study.

Extractant Regression Equation r2 CF

I M MI4NO3
IMKCL
O.I M HCL
lt Na3 EDTA
2E Na2 EDTA
0.0f M Na2DP
DTPA

! = L.24 + I.82 X
J = (-1.76)+ 2.3 X
f = 1.59 + O.52 X
! = 0.93 + 0.54 X
J = 2.AS 0.54 X
f = 4.22 L.57 X
! = 2.21 0.41 X

0.05
O.II
0.05
0.1r
0 .04
o.26
0.02

c. 78
0.78
0. 78
o.76
o.79
0.69
o.79

= Copper concentration in barley shoots
= Extractabl-e SoiI Copper (pp*)
statistically significant at the 5t level- of probability
statisticaì-Iy significant at the 1t level of probability

Table 21. Relationships between the copper concentration in

Extractant Regression Equation r2 QE'

I M NH4NO3
IMKCL
0.1 M HCL
lE Na3 EDTA
2t Na2 EDTA
0.01 M Na2DP
DTPA

!= I.30+ 0.3IX
J = 5.20 24.L X
f= 1.10+ 0"66X
! = I.79 O.22 X
f = 2.45 0.57 X
! = 2.O2 0.41- X
Y = 1.I9 + 0.26 X

0 .10
0.36
o.25
o.r2
o.26
0 .0009
0.04

0.31
o.26
o.27
0. 30
o .27
0. 30
0.31

Y = Copper concenLration in
X = Extractable SoiI Copper* statistically significant
** statistically significant

wheat shoots
(pp*)
at the 5t level
at the It level

of probability
of probability
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Tabre 22. Rerationships between the copper concentration in
oat shoots and amount of extractable soil coÞÞer as

Extractant Regression Equation r2 S. E.

I M NH4NO3
IMKCL
0.1 M HCL
lt Na3 EDTA
2E Na2 EDTA
0.01 M Na2DP
DTPA

1.33 + r.76 x
r.t5 + 0.50 x
2.39 + (-0.93)x
3.92 + (-1. r7 )x
6.28 + (-2.36)x
4.43 + (-r.øZ)x
3.94 + (-2.07)X

!=

J=
!=
I-

!=

0 .04
0.0003
o.12
0.40*
0.57*
o .24
0.35

Y = Copper concentration in oats shoots
X = Extractable SoiI Copper (ppm)
* statistically significant at the 5t level of probability** statistieally significant at the 1B level of probabitity

Tab1e 23. Relationships between the copper concentration in
Canola shoots and amount extractable soil coÞÞer as

Extractant Regression Equation f2 S. E.

I M NH4NO3
lMKCL
0.1 M HCL
lE Na3 EDTA
2t Na2 EDTA
0.0I M Na2DP
DTPA

J= 4.93 +(-4.33)x
! = 4.03 + (-0. 36 )X
! = 2.58 + 2.26 X
! = 2.06 + 0.83 X
J = 4.76 + (-0.70 )X
J = 3.21 + 0.I7 X
f = 2.81 + O.74 X

0.12
0.0004
0.06
0.09
0.02
0.001
0.02

L .23
l.3r
r .27
r .25
r.29
1.31
L .29

Y = Copper concentration in Canola shoots
X = Extractable Soil Copper (pp.)
* statistically significant at the 5E level of probability** statisticalty significant at the 18 level of probability
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Plant Copper Concentration. ,llhe 12 values for relationships

between extractable soil copper concentrations and plant copper

concentration (tables 20 to 23) varieri f rom 0.0003 to 0. 57 .

Negative slopes were obtained for those relationships which

were statistically significant (P=.05). Na2DP resulteri in best

relationship (r2=O.26) between shoot copper concentration in

barley and extractable soit copper. For wheat the highest 12

(O.Zø) occurred when 2Z tga2 EDTA was used to estimate plant

available soil copper. Extracting with 2Z Na2EDTA also pro-

vided a good relationship between copper concentration in oat

shoots and extractable soil copper (¡2=0.57). Relationships

between copper concentration in Canola shoots and extractable

soil copper were best when I M NH4NO3 was used (ç2=O.12) .

Apart from the above few exceptions aII other relationships

were very poor. fn a1l cases, the standard errors of estimates

were large. Because of the large standard errors and low 12

values, it was concluded that none of the extractants v/as use-

ful in predicting copper concentration in barley, wheat, oat

and Canola shoots.

(B) FieId Studies

Production of annual crops on organic soils presents a

unique set of problems. Not only is the management of organic

soils difficult in terms of drainage and proper cultivation,

but the nutritional management of these soils is equally
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challenging. Previous nutritional studies conducted on organic

soils in Manit.oba revealed that deficiencies of niLrogen, phos-

phorus¿ potassium and copper were likely to limit yietds of

annual crops (Campbell and Gusta 1966, Loewen-Rudgers et âf.,

1978, Racz et ð1., 1978, McAndrew 1979).

To achieve a better understanding of the problems of

copper nutrition of cereals and oil seeds grown on organic

soiIs, fielri studies were conducted at three locations in

southeastern Manitoba during the surruner of I979. The influence

of varying amounts of copper fertilizer upon seed and straw

yields of barley, wheat and Canola and upon shoot nutrient con-

centrations at midseason was determined. In addition, several

extractants were evaluated for their ability in assessing plant

available soil copper.

(1) Yields. Yields of seed were low for a1l crops with the

exception of barley at Stead. However, straw yields for aIl

three crops were high and did not vary greatly with treatment.

(a) Barley. Barley straw yields varied from 4OO7 Kg/ha

to 5254 xg/ha (tabte 24). Although there were some significant

differences among treatments, the differences did not appear to

be related to the amount of coPper applied. Straw yields were

al-so quite consistent among experimental sites. There v/ere

some small differences in barley grain yields among treatments

but those differences were either statistically non-significant

or hrere not consistently related to treatmenL (raUle 25).
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Table 24. Yields of barley straw as affected by copper

Table 25. Yie1ds of barley grain as affected by copper

Treatment

Location

Marchand Piney Stead

Control

5 Kg cu/ha

t0 Kg Cu/ha

20 Kg Cu/ha

40 Kg cu/ha

4OO7 abl

4205 ab

4436 a

3775 b

4094 ab

497 2

4659

4596

47 L9

5260

a

4643 ab

4963 a

4290 b

4940 a

4385 b

Duncan's Multipl-e Range Test. Values followed by the same
letter are not significantly different at the 5? probability
level.

Treatment

Location

Marchand Piney Stearl

Control

5 Kg cu/ha

10 Kg Cu/ha

20 Kg Cu/ha

40 Kg Cu/ha

2443

2722

2689

236r

2686 a

t6r2

I 590

t 760

L282

t73r

a

3I3l ab

3469 ab

3067 b

3698 a

3227 ab

Duncan's Multiple Range Test. Values
letter are not significantly different
level.

fol lowed
at the 5E

by the same
probabi I ity
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Yields of wheat straw at Marchand increased

when 5 Kg Cu/ha were applied but did not increase further when

l0 Kg cu/ha were applied and decreased to the revel of the

control when more than 10 Kg Cu/ha \dere applied A similar

trend at Piney \^¡as not statisticarly signif icant. Addition of

5 Kg Cu/ha at Stead increased straw yield by about 2OOO Xg/ha.

Increasing amounts of copper fertilizer above 5 KS Cu/ha did

not increase straw yields above that obtained with 5 Kg cu/ha.

Yields of wheat grain at Marchand and Stead (faUte 27) were

significantry increased by the addition of 5 Kg cu/ha, but more

than 5 Kg Cu/ha did not increase grain yields of wheat above

that obtained with 5 Kg Cu/ha. Copper fertilization had no

significant influence upon wheat grain yields at Piney. Even

with the addition of copper wheat grain yiel-ds \^¡ere very low at

alI three sites.

(c) Çe4gla. Canola straw yields at Piney and Stead were

not affected by copper fertilization (taUte 28) Straw yields

of Canola at Marchand followed the same trend as wheat straw

yields at that site, increasing when 5 Kg Cu/ha rcere adde¡1, but

decreasing to the level of the control when more than t0 Kg

Cu/ha were added. Yields of Canola straw were high at all

Iocations Seed yields of Canola hrere low at aII three

locations varying from 650 xg/ha to l-079 xg/ha (taUle 29).

Seed yields followed the Lrend noted for straw yields. Yields

of seed at Piney and Marchand were not significantly increased
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TabLe 26. Yields of wheat straw as affected bv cooÞer
fert

Con trol
5 Kg Cu,/ha

10 Kg Culha

20 Kg Culha

40 Kg Cu/ha

I Duncan's I'lultipte Range Test. Values f oIl-owed by the same
letter are not significantry different at the 5g probabiJ.ity
leve I .

Table 27. Yields of wheat grain as affected by copper
f ertil ization - f iel-d experiments (Rglhã) .-

Treatment

Locat ion

Marchand Piney Stead

Control

5 Kg Cu/ha

10 Kg Culha

20 Kg Culha

40 Kg Culha

26 cl

391 b

502 a

384 b

313 b

185

2L9

236

232

243

94

371

428

445

334

Duncan I s t'1ul t iple Range Te s t.
letter are not signififcantly
Ieve1.

VaLues followed
different at the

by the same
5g proabil ity

Treatment

Loca t ion

Piney

4448 a

4732 a

4335 a

4594 a

4443 a

l'larchand Stead

2808 6r

379I a

3609 ab

3045 ab

2926 b

47 r7

66sB

6622

6s86

6781
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Tab1e 28. Yields of Cano1a sLraw as affected bv copÞer

Loca t i on

Trea tment P iney

3104 a

3177 a

2937 a

3I49 a

3I44 a

I Duncan's ÞlultipIe Range Test. Values followed by the same
letter are not significantly different at the 5B probabiJ.ity
leve I "

Table 29. Yields of Canola seed as affected by copper

Treatment

Loca t ion

Marchand Piney Stead

ControL

5 Kg Culha

10 Kg Culha

20 Kg Culha

40 Kg Culha

793

1359

1079

747

927

cl

a

b

c

bc

652

650

632

679

639

704

840

853

909

804

Duncan's Multiple Range Test.
letter are not signififcantly
leve I .

Val-ues followed
different at the

by the same
5g proabitity

Marchand Stead

4339 a

4642 a

4563 a

5037 a

4577 a

Control

5 Kg Culha

10 Kg Culha

20 Kg Culha

40 Kg Culha

4Bg4 bcl

6439 a

5660 ab

4225 d

4857 cd
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Marchand wasby copper fertilization. Yield of

highest when 5 I(g Cu/ha was applied.

(2) Chemical Composition

(a) Barley. Copper fertitization increased the concen-

tration of copper in barrey shoots at arr three locations
(lable 30). Copper concentrations in barley shoots were in-

creased significantly by the application of only 5 Kg Cu/ha

while application of 20 and 40 Kg Cu/ha increased shoot copper

concentrations three, two and two fold at Marchand, Piney anrl

Stead, respectiveì-y. Copper concentrations in barley shoots in

the range of 2.3 to 3.7 ppm Cu were considered to be low by

McAndrew (f979). Copper concentrations in barley growrì without

copper were below, oF just above the low end of this range.

Ten Kg Cu/ha increased copper concentrations to nearly suffic-

ient or sufficient levels, whil-e copper in barley grown with 20

and 40 Kg Cu/ha were weII above 3.7 ppm Cu. Despite the fact

that copper concentrations in the tissue were increased to

levels considered to be sufficient, yields v¡ere quite low, par-

ticularly at Marchand and Piney, and were influenced very

Iittle by copper fertilization.

The low yields of barley grain may have been due to a

manganese deficiency at Marchand and Piney (la¡Ie 3I). Yiel-ds

of barley grain were highest at Stead when the manganese con-

centrations vlere above the suggested critical level of 24 ppm
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Table 30. Copper ç:oncglLration in_barley shoots as affected by
copper fertilization - f ield èxpériméntsJÞÞml "

Trea tment

Loca t ion

Marchand Piney Stead

Cont.rol

5 Kg Culha

L0 Kg Culha

20 Kg Culha

4 0 Kg Cu,/ha

1.8 c1

3.6 b

3"8 ab

4"6 a

4.5 a

2.4

3.6

4.0

4"4

5"0

c

bc

ab

2"I c

3.2 b

3"7 ba

4"2 a

4.1 a

Duncan's Multiple Range Test. Values
letter are not significantly different
leve L "

followed by the same
at the 5t probability
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Table 31" Fln, Zn, Fe, Ca, Mg, K, S and P concentrations in

Marchard

Tteatrnent ¡1¡i (ppn) zn(ptrn) Ps(pEm) Lcl (B) l"1g (e) K (S) s (8) P (r)

Control
5 Kg CuÆ¡a

l0 Kg CuÂra
20 Kg CuÂra
40 Kg Culha

12.2
11. 3
10"2
r0. 2
10"7

al
ab
ab
b
b

I3.4 a
13.6 a
13"1 a
I2.7 a
12.1 a

104 a
84.0 b
76"2 &
68.8 c
67.8 c

0.64 a
0.56 a
0.55 a
0"59 a
0.58 a

0.22 a
0"22 a
0.2I a
0.22 a
0.21 a

0.54 a
0.65 a
0.63 a
0.43 a
0.48 a

0.18 a
0.I8 a
0.13 b
0.r3 b
0.L7 ab

0.18 ab
0.19 a
0.17 bc
0.18 ab
0.15 c

Pinqy

Control
5 Kg CuÆa

10 Kg Culha
20 Kg Culha
40 Kg Culìa

Mn (pptt) zn(ptrtr) Fe(ppn) Ca (8) (s)l"1g (8)K s (r) P (r)

I1"1 ab
8.2 b

L2.6 a
11.2 ab
12.I a

20.5 b
2L.7 b
23.8 ba
22.7 ba
25.7 a

32.7 a
29.2 a
3I.7 a
31.1 a
34"5 a

0.30abc
0"29 ab
0.33abc
0.36 a
0.35 ab

0.I8 a
0.Ì8 a
0.18 a
0.20 a
0.20 a

0.80 ab
0.87 ab
0.90 a
0.'17 b
0.75 b

0.I0 a
0.09 a
0.09 a
0.12 a
0.1-3 a

0.15 b
0"25 a
0.26 a
0.28 a
0.24 a

Ste¿d

Control
5 Kg CuÆa

I0 Kg Culha
20 Kg Culha
40 Kg Culha

Mn (ppn) Zn(ppm) re(prm) Ca (s) Mg (s) K (r) s (r) P (s)

37"7 a
36.7 a
33.4 ab
35.4 a
31.0 b

24.2 ab
20"9 b
25"2 ab
27.7 a
24"9 ab

56.5 a
49.0 a
47.2 &
48.3 bc
44.3 c

0. 35
0.40
0.33
0.30
0.28

ab
a
ab
b
b

0.21 a
0.22 a
0"22 a
0.22 a
0.20 a

0.58 a
0.63 a
0.57 a
0.88 b
0.77 ab

0.20 ab
0.26 a
0.16 b
0.18 b
0,16 b

b
a
b

0. 18
0. 17
0.2r
0.24
0.22

Duncanr s Fô.rl-tiple Range
s ignif icantly dif ferenl

Test. Values follcr¡ed
at the 5S probability

by the sane letter are r¡ct
level.



by copper (Ward et âI. , I973 ) .

yieJ-ds obtained at Marchand and

plant manganese concentrations

Manganeseconcentrations in barley

fertilization at Piney whereas

manganese concentrations tended

l-evels of applied copper.

6B

In contrast, the low grain

Piney were associated with

between L2.6 and 8.2 ppm.

were not influenced by copper

aL Marchand and Stead the

to decrease with increasing

Zinc concentrations in barley at Marchand were less than

t5 ppm and may have limited yietds (ward et â1., 1973). zinc

concentrations in barley at Piney anrl Stead were in the suf-

ficient range and were not affected by copper fertilization.

Iron concentrations in barley \dere low at Piney anrl

Stearl. Ward et ðI., (1973) considered iron concentrations of

less than 50 ppn low and likety to affect yields. Iron concen-

trations in barley at Piney varied from 29.2 to 34.5 ppm êniì

may have Iimited yields. Iron concentrations in barley at

Stead were below 50 ppm for aII treatrnents which received

copper.

Calcium and magnesium concentrations in barley were at

adequate levels. Copper fertilization did not influence

calcium and magnesium concentrations in barley exce,ot at

Stead. At Stead, câIcium concentration in barley growr¡ \,/ith 40

Kg Cu/ha was significantly less than that in barley grown with

5 Kg cu/ha.

Potassium concentrations in barley $¡ere below the critical

level of I.258 (War<l et âI., I973 ) at alI three locations.
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PoLassium at 2OO Kg K2O/ha vras apptied to atl- plots and thus

potassium should not have been deficient. The low potassiurn

values in plant tissue were most Iikety due to the loss of

potassium from the plant material during the washing procedures

prior to analysis. Reid and Racz (f980) grew barley on sites

adjacent to those used in this study and found potassium con-

centrations to be much higher when plant samples were noL

washed.

yields.

Thus, potâssium was most Iikely not limiting to

Sulphur concentrations in barley were adequate at Marchand

and Stead, but less than aclequate at Piney (Ward et âl . ,

r973). Sulphur concentrations in barley tissue were not

affected by the application of copper except at Stead. At

Stead sulphur concentrations in barley grown with 5 Kg Cu/ha

were significantly higher than sulphur concentrations in barley

grown without and with I0, 20 and 40 Kg Cu/ha.

Phosphorus concentrations in barley tissue were within the

sufficient range for all Iocations.

Analysis of barley tissue suggested that several nutrient

deficiencies of differing severity were encountered. The soils

at Marchand and Piney were deficient in both copper and manga-

nese whereas the soil at Stead was deficient in copper onIy.

In adciition to copper and manganese deficiencies, iron de-

ficiencies may also have been encountered at Stead and Piney.

(b) wheat. Copper concentrations in wheat shoots were
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Table 32" Copper concenLration in wheat shoot.s as af-!es!eg_!y

Trea tment

Loca t ion

Marchand Piney Stead

Control

5 Kg Culha

10 Kg Culha

20 Kg Culha

40 Kg Cu,/ha

1.0 6r

L.7 bc

2"I bc

2.3 bc

3,0 a

r"9 b

3.0 a

3"6 a

3"5 a

3.6 a

1.3 c

2"L b

2"3 b

2.6 ba

3.3 a

Duncan's Multiple Range Test. VaLues
l-etter are not significantly different
Ieve 1 .

foLlowed by the same
at the 58 probabitity
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lower t.han t.hose in barley shoots, but they were increased by

copper f ert.ilization (Table 32) " Copper additions at 5 Kg

Cu,/ha significantly increased the copper concentration of wheat

above that. obt.ained without copper, copper concentrations in

wheat at Marchand and Stead increased to IeveIs above the

critical concentration of about 3 ppm Cu only when more than 20

Kg Cu/ha were added. McAndrew (L9'79) considered copper concen-

trations in wheat shoots at heading in the range of 3.0 to 4.9

ppm Cu to be low.

PIant concentrations of several other nutrients also

appeared to be deficient. Wheat at Marchand \^Jas severely

manganese deficient, whereas wheat at Piney r.Jas moderately

manganese deficient (Table 33)" Manganese deficiencies were

not encountered in wheat at Stead. l'langanese concentrations

usually decreased when copper was applied but the decreases

were significant only at Marchand and only when large amounts

of copper were applied. Part of the cause of low yieJ-ds at

Marchand and Stead when copper was added and the decrease in

y ield at Marchand at the higher levels of copper was l ikeJ-y

manganese deficiency which was Iikely accentuated at the higher

leveIs of copper at Marchand. However, other nutrient de-

ficiencies and/or unfavorable environmental conditions also

depressed yields as evidenced by the low yields at Stead where

manganese hras not def icient.

Zinc concentrations in wheat at Marchand were less than

the critical level of 15 ppm suggested by Ward et âI., (f973)"
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TabLe 33. Mn, Zn, Fe, Ca, Mg, K, S and p concentrations in
wheat shoots as affeCt

Ivfarchard

Treabrent Mn (pgn) zn(ppn) re (pfrn) ca (8) l'19 (r) (s)K (s)S (r)P

Control-
5 Kg Culha

10 Kg Culha
20 Kg Culha
40 Kg Culha

7.9 al
7"7 a
5.5 ab
4.9 b
4.9 b

a
b
b
ab
ab

15. 7
13.1
l-3. r
15. 2
14.8

70.9 a
59.0 b
49.9 c
44"3 cd
42.7 d

0.33 a
0.33 a
0.34 a
0.38 a
0.38 a

0.24 a
0"23 a
0.24 a
0.24 a
0.25 a

0.77 tr
0.'12 c
0.84 ab
0.90 a
0"86 ab

0.09 c
0.09 c
0.10 bc
0.11 ab
0.12 a

0.20 a
0.19 a
0.19 a
0.19 a
0.20 a

Piney

Control
5 Kg Culha

10 Kg Culha
20 Kg CuÂ¡a
40 Kg Culha

I'tn (pprn) Zn(pfrn) Fe(ppn) Ca (t) G)l'19 (r)K (r)S (s)P

17.1 a
15.2 a
13.6 a
16.7 a
13.8 a

23.5 a
21.5 ab
I8.9 b
20.9 ab
19"5 b

36.3 a
33.8 ab
33.6 ab
34,2 ab
30"4 b

0.27 a
0.23 a
0.25 a
0.26 a
0.23 a

0.20 a
0.t7 b
0.17 b
0.18 b
0"17 b

0.88 a.b

0.97 a
0. BB ab
0.82 ab
0.73 b

0"08 a
0.09 a
0.10 a
0.1-0 a
0"09 a

0. 19
0. 18
0.15
0. 19
0.18

b
a
b
a
a

Stead

Control
5 Kg Culha

10 Kg Culha
20 Kg Culha
40 Kg Culha

Mn (ppn) zn(ppn) Fe(ppn) Ca (s) I'tg (s) K (r) s (r) P (r)

48.0 a
39.3 a
39.6 a
41.6 a
36.I a

26.3 b
23.9 b
23.6 b
23.4 b
22.5 b

46.0 a
38.4 b
38"4 b
37.6 b
38"6 b

0"30 a
0.29 a
0"28 a
0.28 a
0.28 a

0.19 a
0.20 a
0.I8 a
0.19 a
0.15 a

0"83 a
0.87 a
0.74 a
0.77 a
0"8I a

0.12 c
0"I4 ab
0"16 ab
0.16 ab
0.lB a

0"22 a
0.2I a
0"20 a
0.20 a
0.I9 a

Duncan's F4ultipte Rarge Test.
significantly different at the

by the same letter are rpt
Ievel.

Values fol-lcn¡ed
58 probability
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Wheat at Piney and St.ead contained sufficient quantit.ies of

z inc. Z inc concentrat ions in wheat were usuaIJ-y decreased by

copper applications at all- sites. However, the decreases were

not closeJ-y related to the amount of copper added.

Concentrations of iron in wheat at Piney and Stead were

below 50 ppm which was considered to be the lower l"evel of

sufficiency by Ward et âf. , ( 1973 ) . fron concentrations at

Marchand decreased from about 71 ppm to 43 ppm as copper ferti-
lizer was increased from 0 to 40 Kg Cu,/ha. Decreases in iron

concentration in wheat with copper fertil ization were also

noted at Piney and Stead.

Moderate deficiencies of sulphur !,¡ere observed from the

analysis of the wheat tissue from Piney and Marchand (Ward et

â1", 1973). This trend was not noted for barley except at

Piney where sulphur was low"

Concentrations of cal-cium, magnesium and phosphorus in

wheat were sufficient at aI1 locations. Potassium concentra-

tions in wheat plants were l-ow. The l-ow concentrations of
potassium in wheat were most likely due to the washing of pJ-ant

material prior to analysis.

(C) Canola. Copper concentrations in

from the Marchand site were increased

of I.7 ppm (McAndrew 1979) Cu by the

At Piney and Stead, copper concentrat

plants were wit,hin t.he low range of

Canola shoots ( Table 34 )

above the critical level

addition of 5 Kg Cu/ha.

ions in shoots of control

L.'7 to 2 "7 ppm (McAndrew
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Tabre 34. copper çonceltration in canora shoots as affected by
copper fertilization - fiéId experimenffi

Trea tment

Loca t ion

Marchand P iney Stead

Con trol

5 Kg Culha

I0 Kg Culha

20 Kg Cu,/ha

40 Kg Culha

1.5 al

2"3 a

2.2 a

2.8 a

2"8 a

2.2 b

3.0 c

3"2 bc

3.5 b

4"0 a

2.0 c

2,9 b

3.0 b

3"I b

3"7 a

Duncanrs Multiple Range Test. VaLues
letter are not significantly different
leve I .

followed by the same
at the 5t probability
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r979) and copper fert.ilization at 5 Kg cu/ha increased ptant

copper concentrations into the sufficient range above 2"7 ppm.

Critical concentrations of manganese, zínc, ironr câIcium,

magnesium, potassium, phosphorus and sulphur in canoLa were not

found in the Iiterature. However, nutrient concentrations in

Canol-a shoots from this study were compared with shoot nutrient
concentrations in other studies to assist in identifying
possible deficiencies. Table 35 shows the resul-ts of plant

analysis conducted by McAndrew ( I979 ) on Canola which yieldeci

about 1600 Kglha. The site used by McAndrew ( I971 ) was

slightly zinc deficient and thus it was assumed that the zinc

concentration found in this study was lower than that normalJ-y

found in Canada.

Manganese concentrations in Canola grown at Marchand

( Table 36 ) suggest that an acute manganese deficiency was

encountered. Manganese concentrations in Canola grown at Piney

were also quite low and thus manganese deficiencies may have

limited yields, Plant concentrations of iron at piney al-so

were quite low. Thus, Iow yields of Canola at Marchand may

have been the result of manganese deficiency while at Piney Low

yields may have been related to low plant concentrations of

bot.h manganese and iron. Other environmentaL cond itions must

have also limited Canol-a yields as yields at Stead were Iow

despite adequate concentrations of nutrient.s in the shoots.

ALI other nutrients were present in adequate concentrations in

Canola shoots and were not infLuenced by copper applications"
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Table 35. Concentrations of Cu, Zn, 1"1n, Fê, p , S, K, Ca and Mg
in Canol_a (ppm) (McAndrew 1979).

ppm a,
I

Element Cu Zn Mn Fe P S K Ld Þ19

Concentra t ion 2"9 I6 38 43 0.3 0"7 1.1 0.8 0.6

Table 36 . Fln, Zn, Fe , Ca , Mq , K, S and P concentrations in
anoLa shoots as affecte r fertilization

f iel-d experiments ( ppm ) .

Marchard

TYeatrnent Mn (ppn) zn(pprn) re(ppn) Lcl (s) l& (t) K (r) S (s) P (E)

Control
5 Kg Culha

10 Kg Cu,/ha
20 Rg Culha
40 Kg Culha

7.8 al
7.3 a
7.3 a

10.5 a
7"6 a

18.0 a
19.I a
19.I a
I7.4 a
19.3 a

57.2 a
45.7 a
42.3 a
48"1 a
47"6 a

2"6 a
I"9 a
2"9 a
2"5 a
2.5 a

0.64 a
0.58 a
0.58 a
0.56 a
0.54 a

0.71
0. 69
0"68
0.70
0. 69

a
a
a
a
d.

0.58 a
0.60 a
0.58 a
0.49 a
0.51 a

0.29
0. 28
0,25
0.30
0.28

Pinq¿

Control
5 Kg CuÂra

10 Kg Culha
20 K9 Culha
40 Kg Culha

Mn (ppn) zn(ppn) Fe(ppn) Ca (t) l1s (t) K (B) S (r) P (s)

22.6
22.8
2L,7
22.3
2I.2

a
a
a
a
a

44.2 a
43.3 a
45.4 a
42"4 a
44.2 a

26"6 a
31"1 a
34"2 a
27"9 a
28"1 a

1.9 a
2.L b
2.0 ab
1.9 ab
2.0 ab

0"5I a
0.56 a
0.52 a
0.5I a
0"53 a

0.84 a
0"88 a
0.87 a
0.83 a
0.87 a

0.38 a
0.40 a
0.41 a
0.44 a
0.42 a

0.15
0. 19
0. l-6
0.1s
0"16

Stead

Control
5 Kg Curzha

I0 Kg Cu,zla
20 Kg Culha
40 Kg Culha

Mn (ppn) Zn(ppm) Fe(ppn) Ca (s) Èþ (8) K (r) S (r) P (8)

34.2 a
46.7 a
43"3 a
45.4 a
52.5 a

45.9 a
40.2 a
37.8 a
38.0 a
35.2 a

37"5 a
37"9 a
37"9 a
37.5 a
40.8 a

2"3 a
2"2 a
2.1 a
2"2 a
2.1 a

0.79
0.79
0.76
0 "77
0. 78

a
a
a
a
a

0.69
0.82
0 "74
0.79
0. 73

a
CI

a
a
a

0"58 a
0.55 a
0.55 a
0.53 a
0.53 a

0.30 ab
0.29 ab
0.28 b
2.27 b
0.33 a

Duncan's lú:ltiple Range Test.
significantly different at. the

Values follc*¡ed
5t probabil-ity

by the same letter are nct
level.
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Rerationships Between Extractable soil copper and Amounts

of copper Fertilizer AppJ-ied or plant copper concentra-

tions Field Studies

The field experiments conducted. in rg79 were also used to
evaluate several chemical extractants for their abiJ- ity in
assessing plant available soil copper. soil samples were taken

from every repJ-icate of every treatment at each experimental

site at the time of the midseason. harvest and anaryzed for
extractable copper using the extractants previousJ-y described

in the Methods and Materials section. The amounts of copper

extracted by the various reagents (Appendix 5A to l3A) were

then related to amounts of copper applied and (b) midseason

plant copper concentrations. The above reLationships were

calcurated for each crop and extractant used. ReJ_ationships

between amounts of copper extracted by the various extractants
and response of the crop to copper fertilizer were not

caLculated as only three experimental sites were used.

(a) Relationships between extractable soil- copper and

amounts of copper fertilizer appried. The ability of each

extractant to reflect the rate of copper fertilizer applied was

examined by plotting the average level of extractable soil
copper (average of all six replicates and three crops) versus

the rate of copper applied in Kg/ha. Generally, the relation-
ships between extractable soil copper and amount of copper



fertilizer added were linear.

7B

An example of the type of rela-
tionship obtained is shown in Figure (2) in which 1 M HCL

extractable copper (pp*) was plotted versus the rate of copper

added. Extractable copper Ievels vrere compared by linear

regression analysis to the rate of copper added. A sunmary of

these relationships are shown in Table 37. Alt extractants

appeared to extract copper from soils in proportion to the

amount of copper fertilizer applied. The 12 values were atl

high and varied from 0.65 to O.97. The values of 12 varied

from O.B3 to 0.97 except at Stead where the 12 values for Na2DP

was 0.65. Except for Na2DP extractable copper at Stead 12

values were not greatly affected by location or extractant.

(b) Relationships Between Extractable Soil Copper ancl

Plant Copper Concentrations. The relationship between plant

copper concentration in a particular crop and extractable soil

copper was calculated using the data from all three sites and

alI rates of copper applied. Individual data for plant tissue

concentrations of copper and extractable soil copper were used.

Several mathematical functions were examined to determine

which best described the various relationships between soil and

plant copper. An eguation in the form [plant] = EXT/a+b EXT +

c EXT2 where IpIant] = the midseason plant copper concentration

(pp*) and Ext = concentration of extractable soil copper (ppm)

was selected and regression analysis performed using Iptant]

obs/nxt as the dependent variable and Ext and Ext2 as
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Table 37. ReI
copPer as

determined by several
ments.

Extractant Location Equation r2 S.E. F

INHCL Piney
Stead
Marchand

*r k2
y=6.2+z,ox
y=10.9+2.4x
y = 3.5 + r.8X

0 .96
0 .89
0 .85

6.0
12. B

tI.4

336.9
105.8
73.3

DTPA Piney
Stead
Marchand

y = 3.5 + 2.4X
y=15.9+2.4x
y - 3.3 + 1.7X

0.88
0 .83
0.90

r3.6
16.0
8.6

97
65

12r

5
2
2

I ENa2EDTA Piney
Stead
Marchand

y = 10.0 + 3.2X
y = r8.9 + 3.0X
y=4.3+z.OX

0.96
0 .84
o.92

IO.I
20.0
8.9

293
65

143

3
7
9

2tNa2DTPA Piney
Stead
Marchand

y = Il.4 + 3.6X
y = r7.7 + 3.4X
y = 5.6 + 3.0X

o.97
o .83
0. 90

10.4
25 .8
15.5

357
63

115

5

2
9

Na2DP Piney
Stead
Marchand

y=13.I+2.2X
y=20.5+1.7X
y=3.3+2.2X

o.92
0 .65
0 .8s

9.5
18.9
L4.2

I5B
24
73

B
4
I

*1 y = amount of copper fertilizer applied (Kg cu/ha)
*2 x = extractable soil copper (pp*)
* statistically significant at the 5B level of probability
** statisticalty significant at the 1B level of probability
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independent variables to calculate the values of êr b and c for

each extractant and crop. Equations for the various extract-

ants for barley, wheat and Canola appear in Tables 38, 39 and

40, respectively. Shoot copper concentrations \drere then calcu-

Iated for various extractable soil copper leveIs using the

equations in TabIes 38, 39 and 40 and measurecl plant copper

concentrations related by Iinear regression analysis to those

predicted by the equations. The rZ and standard error of es'.i-

mate values for those linear regression analyses also appear in

Tables 38, 39 and 40. Values of 12 varied from O.4I to 0.67.

One M HCL provided the best relationship between the observed

and calculated tissue concentrations of copper in barley

(¡2=0.6J-) and wheat (ç2=0.49) whereas Na2DP gave the best

relationship for Canola (r2=O.67).

The 12 values were generally low while the standard error

of estimates accor¡nted for large portions of the estimates.

Consequently, the accuracy of prediction of plant copper con-

centrations was poor particularly at low concentrations.

ActuaI plant copper concentrations at or near the critical

level would be difficult to predict using these equations.

ActuaI ( individual points ) and predicted ( solid line )

copper concentration in barley shoots versus soil copper

extracted with I M HCL appear in Figure 3. The predicted curve

was divided int.o three regions. Region one was near the origin

where the curve v¡as nearly linear. Region two was curvilinear

and included the plant copper concentrations at or near the
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TabIe 38. Relationship between the calculated and observed

concentration of copper in barlev shoots - field
experiments.

*f copper concentration in barley tissue (pp*)
*2 extractable soil copper (pp*)
* statistically significant at the 58 level of probability
** statisticatly significant at the fB level of probability

Table 39. Relationship between the calculated and observed
concentration of copper in wheat shoots - field
experiments

Extractant Equation r2 S.E.

lMHCL
DTPA
I BNa2EDTA
2ENa2EDTA
Na2DP

""t= 
*î?.rn + 0.23x o.ooo r7x2 l

y = x/t .tq + o "22x o. oooo 52x?
y = x/g.go + o.l-gx + o.oooo36x?
| = x/ 3 . 63 + o. 2tx + o. oooo3tI2
t = x/o.l+ + 0.26x + o.ooo26x2

0
0
0
0
o

61 l.
48**
56* *
46**
53**

o. lo
0 .84
0.93
o.79
o .42

Extractant Equation r2 CF

IMHCL
DTPA
ItNa2EDTA
2tNa2EDTA
Na2DP

*1 *2
v J x/i.tt + o.3Bx o. oooTsx2
y = x/t.Eg + 0.36x o.ooo57x?'y = x/z .ao + o. 38x o. ooosax2
y = x/l .lo + o.27x o.ooolx2-
y = x/2.ß + 0.35x o"ooo5lx2

o. ¿gl*
0.46**
0.41**
0.48**
o.44**

o.lu
o .49
0.35
c.59
0.48

*1 copper concentration in wheat tissue (pp*)
*2 extractable soil copper (ppm)
* statisticalty significant at the 5t level of probability
** statistically significant at the tt level of probability

Table 40. Relationshi between the calculated and observed
concentration of Canola s oots ield
experiments.

*I copper concenLration in Canola tissue (ppm)
*2 extractable soil copper (pp*)
* statisticalty significant at the 58 level of
** statistically significant at the lE level of

probabi I ity
probabil ity

Extractant Equation r2 S.E.

IMHCL
DTPA
I SNa2EDTA
2*Na2EDTA
Na2DP

*l *2
v I x/õ.eo + o.3ox o.ooo29x2-
y = x/r.gg + 0.28x o.oooo2sx2
i = x7r.so + o.3ox o.ooor6x?'y = x'/o .ez + o. 36x o. ooo28x2
i = x/r.gg + 0.32x o.ooo49x2

o.sol*
0.50**
0.56**
0.62**
0.67**

0. 59
o .49
o.28
0 .39

o .ln
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criticat level. In region three the level- of plant copper was

only slightly affected by increasing the level of extractable

soil copper "

Multiple regression techniques have been used often to

allow for the influence of soil characteristics such as pH and

organic matter and interactions of other nutrients on the

abil-ity of an extractant to predict the copper status of a

soit. However, in this study pH values of the three soils were

similar. Also, organic matter contents of the soils v/ere aII

high and did not vary greatly. Thus, regression equations

using soil characteristics as weIl as extractable soil copper

were not calculated due to an insufficient number of sites or

variations in soil characteristics.

Martens (1968) found an R2 value of 0.847 when pH, organic

matter and I M HCL extractable copper were correlated with

copper uptake by corn grown on 16 mineral soils. In the study

reported here, the best relationships between the observed and

calculated concentrations of copper in barley (¡2=0.61) and

wheat (r2=0.49) were obtained with lM HCL extractable copper

but not for Canola. Marten (I968) also found that organic

matLer contents of soils and I M HCL extractable soil copper

correlated weII (r2=0.748) which may imply that I M HCL is a

good extractant for estimating plant available soil copper on

organic soiIs. Whitney (1975) and Vitosh et âI., (1973) bottr

recommended the use of I M HCI to determine the plant available

soil copper on organic soils.
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Lindsay and Norve1I (f967) proposed that. on mineral soils

the critical concentration for DTPA extractable soil copper was

Iess than 0.2 ppm. From work reported here it is apparent that

this level is far below that necessary for good plant growth on

organic soi1s. Calculations using the equations derived in

this study indicate that DTPA extractable soil copper concen-

trations would have to be about 2.25 to 21.0 ppm for barley

plants to contain 2.3 to 3.7 ppm copper. According to the

relationship established between the amount of DTPA extractable

soil copper and the rate of copper added, ât least L4-4 Kg

Cu/ha would be required on the soils used in this study to

ensure adequate concentrations of copper in barley tissue.

It was shown in the greenhouse studies that none of the

extractants was a good indicator of plant available soil copper

in organic soils not fertilized with copper. However, the

relationships obtaine<l between extractable soil copper and

tissue copper in the field studies were good when both copper

fertilized and nonfertitized soils were included in the rela-

tionship. fl'ris indicated that these extractants may be useful

in predicting plant available soil copper in organic soils

treated with copper fertilizer.
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V SUMI'IARY AND CONCLUSÏONS

Previous investigations showed that organic soiIs in

Manitoba do not supply copper to plants in sufficient quanti-

ties for good growth of many crops . However, the extent antl

severity of this problem was not known. Thus, greenhouse anrl

field studies were conducted to examine the response of barley,

wheat and Canola to copper fertilization. In addition several

chemical extractants were evaluated for their ability in pre-

dicting the amount of copper available to plants grown on

organic soils.

Preliminary work was conducted in the greenhouse using

organic soils from LO locations in Manitoba. Yields of barley,

wheat, oats and Canola were significantly increased by copper

fertilization on several soils. Levels of copper in the tissue

of barley, wheat and oats were increased from deficient to

sufficient concentrations by the addition of I0 Kg Cu/ha. Con-

centrations of copper in Canola tissue were increased fron

tleficient to sufficient leveIs by 10 Kg Cu/ha in eight of 10

soils studied. These data indicated that many organic soils in

Manitoba are deficient in plant available copper, ancl that

under greenhouse conditions levels of copper in pJ-ant tissue

can be increased to sufficient levels by the addition of copper

fertilizer.

fhe sensitivity of the crops to low copper supply was

wheat hras much more sensitive than Canola, barley and oats.
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klheat was very sensitive to low copper suppJ-y whereas the other

crops were relatively tolerant to low copper suppty.

Field studies were conducted at three locations on organic

soils to determine if barley, wheat, oats and Canola would

respond to copper fertilizer. Straw yields were high but grain

yiel-ds vrere low for al-I three crops. Barley grain yields were

not significantty increased by copper fertilization whereas

wheat grain yields were significantly increased by copper

fertilization at two of three loeations.

not affected by copper fertilization.

Canola yields were

Copper concentrations v/ere lower in wheat than in the

other crops. Therefore, although five Kg Cu/ha did signifi-

cantly increase (p=.05) copper concentrations they were still

below the critical level. Copper concentrations in wheat were

increased to adequate levels on two of three soils when 40 Kg

Cu/ha were added. In contrast, copper concentrations in barley

were increased to adequate IeveIs by five Kg Cu/ha. Copper

fertilization at five Kg Cu/ha increased copper IeveIs in

Canola at Piney and Stead above the low range established by

McAndrew (1979). However, this range was not exceeded at

Marchand even when 40 Kg Cu/ha had been applied.

Yield of grain of all crops at most locations was less

than expected even when copper concentrations in the plant were

increased to sufficient leveLs. This was likely due to

deficiencies of other nutrienLs. PIant manganese concentra-

tions indicated the manganese deficiencies were encountered on



two of three locations.

sium and sulphur in plant

some of the soi I s v/er e

growth.

8B

Concentrations of zinc, iron, potas-

tissue of some of the crops grown on

aLso less than needed for optimum

A second major objective of this study was to evaluate

several chemical extractants for their ability in estimating

plant available soil copper in organic soils. None of the

extractants selected provided a good method of estimating plant

available soil- copper on soils not fertilized within the

greenhouse. Relationships calculated between extractabl-e soil

copper and t yield generally varied from r2=O.0OO2 to r2=O.2O.

Rel-ationships between extractable soil copper and copper

content of plants grown in the greenhouse on soils not

fertilized with copper were also poor.

Grain yields in the fielrl were not consistently increased

by copper fertilization and therefore were not selected as

criteria for evaluating extractants in the field. Plant copper

concentrations in barley, wheat and Canola were related to

extractable soil copper using values from both copper ferti-

lized and nonfertilized soiIs. An equation of the form:

[ffS]caIc = Ext/a+bExt*cExt2 was used to describe the relation-

ship between plant copper concentration and the concentration

of plant available soil copper. For barley and wheat the best

relationships resulted when I M HCL was used to extract soil

copper, whereas Na2DP provided the best relationship for

Canola. Generally, 12 values r¡rere low for all crops and



89

extractants.

It was noted in the

extracted copper from the

copper fertilizer applied.

the various extractants in

copper fertilizer applied.

field study that aII extractants

soil in proportion to the amount- of

No differences were apparent among

their ability to reflect the rate of

It was concluded that none of the extractants assesseC

adequately plant available soil copper in organic soils not

fertilized with copper. However, the relationships obtainecl

between extractable soil copper anrl plant copper concentrations

were good yrhen both copper fertilized and non fertilized soils

were included in the relationships. This indicated that these

extractants may be useful in predicting plant available soil

copper in organic soiIs, fertilized previously with copper.

ft was also apparent from data obtained that many problems

require investigation before organic soils in Manitoba can be

fully utilized. fhe information gained in this study on the

effect of fertilizer copper on plant growth will be useful in

correcting copper deficiencies on organic soiIs. However, it

rn¡as apparent that several micronutrients, manganese in

particular, require further study. The studies also showed

that plant species vary in their ability to grow on soils low

in available copper. Selection of crop species and varieties

more suited to organic soils is also required. In addition,

negative slopes were obtained for about one-hal-f of the

regression equations.
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Apprdix Table I.
Effect of Coppr Fertilizer on the Chemical Ccrnposition of

Barley{reenhouse Study

Soil ìüo" Treat:r¡ent
Cu
ppn

Mn
ppn

Zn
ppn

Fe
pFrn

\-ct
ot

Mg
g

K
g

I

No Cu
2"5
2"5
2.5

42.5
43.8
42"5

27 "5
25.4
25"4

37.5
37.5
35.0

0.61
0.64
0"56

0 "44
0.45
0.44

0.6r
0.58
0.95

10 Kg Culha
8.8
8.8
8.8

20.0
18"8
18.8

27.5
27.5
27 "5

31.3
31. 3
31. 3

0. s0
0.48
0.4s

0.36
0.3s
0.33

0.88
0.81
0.84

2

No Cu
1.5
1.3
1.6

100
106
106

2s.0
22.5
22.5

47 "5
4s.0
42.5

0"30
0.30
0.30

0.45
0.41
0.44

0.81
0.72
0"66

IO Kg Culha
6.1
6.8
5"9

66.3
70.0
sI. 3

22.5
23.r
22.5

32.5
35. 0
32.5

0.25
0 "28
0.20

0.33
0.37
0.30

0 .88
r. 00
1.00

3

No Cu
2.5
2"5
2"5

52.5
62.5
62.5

2L.9
22.8
2L,9

50.0
47.5
43. I

0.50
0.47
0. 50

0.45
0.47
0.45

0.84
0.72
0"63

10 Kg Culha
7"5
7"5
7"5

37 "5
33.8
3s. 0

22"8
21. 0
22"8

43.8
32.5
37.5

0.48
0.44
0.48

0.48
0.47
0"48

0.64
0.58
0 "77

4

No Cu
r"3
1.3
1.3

48.8
56. 3
50.0

16.9
20.0
16.3

37.5
46. 3
38"8

0.38
0"4r
0"38

0"37
0.44
0.36

0.78
0 .91
1.00

10 Kg Culha
6.9
5.8
6.3

22.6
18.5
20. 3

17.5
15.6
17.5

32.5
25"0
31" 3

0. 30
0 "25
0. 28

0.28
0.2r
0"23

0.78
0.8r
0"78

5

No Cu
0.6
0.6
0.7

42.5
45.0
46"3

20.0
18"8
23"1

I10
95. 0

r25

0"88
0.84
0"91

0.23
0 "23
0.28

0.53
0"59
0. B1

I0 Kg Culha
5"8
6"0
6"4

14.8
ls.3
ts.6

13.8
13"1
Is. r

48.8
48.8
63.8

0.69
0"69
0.78

0,33
0.33
0. 36

0.78
0.63
0.78
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ApprdÍx Table I (cont'd)

Soit No. lreatrrcnt
Cu
ppn

Mn
ppn

Zn
Ptrn

Fe
ppfn

Ca
ot

Mg
&

K
t

6

No Cu
2.5
2"5
2"5

20. 0
ts. 0
2I"3

II.9
r0.0
10.0

2I9
2t9
2r0

0 "77
0 .78
0 "77

0.44
0. 36
0.44

0 .88
0.88
0.72

I0 Kg Culha
10. 0
10.0
10. 0

15.0
13.8
13.8

9.0
8.8
9"4

165
160
14s

0.61
0.64
0"56

0.44
0.42
0 "44

0"75
0.70
0 "97

7

No Cu
r.3
1.3
1.3

6s.0
68.8
7l_. 3

25.4
2s.4
21.9

56. 3
57. 5
55.0

0.67
0.75
0 "77

0.21
0.30
0 "25

0.89
0.61
0.83

l0 Kg CuÆa
9"4
5.6
5.6

28.8
23.8
22.5

20.0
16. 5
16. 5

43.8
32"5
32.5

0. 63
0. 56
0. 5s

0.45
0.38
0.38

0.81
0.73
0.80

I

No Cu
3"0
2.5
2"5

L32
14s
I50

24.4
24.4
2t"8

57.5
5s. 0
52.5

0.4s
0.42
0.55

0.38
0.38
0.47

0.78
0.92
0 .81

10 Kg Culha
7"5
8.8
8.r

36. 3
40.0
36.3

17. 5
17. s
17. 5

3s. 0
3s.0
31.3

0. 31
0"34
0. 33

0.34
0.36
0.36

0.80
1.00
0 "67

9

No Cu
2.5
2.5
2.5

22"5
28"8
23.8

11.0
1r.9
11.9

r35
156
14s

0.77
0"84
0.73

0.30
0"33
0.31

0.64
0.95
r.00

10 Kg Culha
tt. 3
10.6
10"0

8"8
15"0
15. 0

10. 0
7"9
9.5

r00
103
103

0.66
1.00
1.00

0.30
0"36
0.33

0.75
0.95
0.97

IO

No Cu
r.1
1.1
1"1

22.3
24"0
22"6

16.9
16, 3
17"5

62.5
62"5
60.0

0.44
0. s0
0 "47

0"36
0. 38
0"38

0.69
0. s9
0.75

10 Kg Culha
8"1
8,4
8.6

14.8
16"s
17 "3

20.0
2r"3
2L.3

43.8
52.5
57 "5

0"53
0 "47
0.53

0 .4r
0.4r.
0.41

0.7s
0.78
0.69



L02

Frydix Tbl€ ã,

EEk ctr cbFFs FÞrtili-æ øÌ üE úsniæ,I Orqpitim cf
lihøt€æil-o-æ Str$/

Sril ei (IFn) ttr (wn) ar (p.n) re (rpn) G (3) pg (E) K (B)

:d). Tfeeffi. RI p Rt p RI F2 RI F2 Rt p RI n RL p

t ¡b O-t

I0 Ig o¡/Ïa
t.3
5.8

1.1
6.0

8.8
15.6

%.3
Tt.o

42.5
35.0

42.5
%.3

45.O
50.0

4'6.3

50.0
0.æ
0.6

o.32
0.3

0.æ
o.n

0.33
0.æ

0.94.
o.%

0.61
0.31

2 Lb Ol
I0 Iq oyfn

r.3
4.7

t.3
4.8

m
IÐ

æ
l-52

n.5
æ.3

33.8
n.8

52.8
E.O

46.3
3r.3

0.s
o.23

0.æ
o.n

0.5r
o.æ

0.53
0.33

0.80
0.%

o.97
o.%

3 IIc Ol
I0 Iq o/ta

r.5
6.4

r.6
6.3

35.0
å.o

5.3
B.T

51.5
æ.3

83.8
D.5

9,.5
43.8

æ.0
50.0

o.n
o.?A

o.2,
o.n

0.æ
o.B

0.33
o.3r

0.59
o.%

o.4
o.6

4 ltc Or
10Ig o¡/ha

r.t
5.3

1.r
5.3

42.5
n.5

38.8
%.3

40.0
n.o

31.3
n.6

Æ.3
37.5

50.0
5.0

0.34
o.É

0.æ
o.æ

o.42
0.33

o.42
o.r2

1.æ
r.æ

r.03
1.03

5 Tb Ol
I0 kg oy'ha

r.3
5.8

r.3
s.3

13.8
7.8

15.0
6.3

5.O
18.8

23.a
ul.8

60.0
50.0

60.0
43.8

0.55
0.æ

0.56
o.42

o.2.
0.18

o.2.
0.ta

0.6-
0.5

o.62
o.42

6 It> Or
I0Ig o¡ÂB

r.2
3.8

r.9
3.8

L6.7
4.7 5.0

L6.7
9.8

L6.7
r0.5

103
31.3 37.5

o.43
o.67

0.37 o.42
o,24 o.n 0.60

0.s
0.50

7 bb Ol
I0 Ig o/iE

I.4
4.O

L.7
4.4 r¿.r tt.t o., rõ.g %.c 3r.3 0.3r 0.æ 0.18 o.?3 0.33 o.D

I ¡b Ol
I0 Iq o¿/ha

1.0
4.8

t.0
4.8

56.3
23.8

5t.9
b.c

5.3
17.5

8.3
19.5

60.c
%.c

ß.4
ß.4

0.Ð
o.%

0.35
o.n

0.æ
o.E

0.38
o.n

1.6
o.%

0.Ð
0.36

9 ¡,b Or
10 fq o¡/tÊ

2.O
7.3

2.O
7.A 4.7 4.7 ri.s tt.t * tt õ..t õ.* 0.r o.o ã.r' ã.*

10 ìtl O.l

I0 Iq o¡/:a
r.3
8.6

r.5
8.8

13.8
6.3

14.5
5.0

uÌ.8
%.8

n.3
%.3

5?.5
8r.3

43.6
68.8

0.4r
0.æ

0.î.
0.4

0.s
0.34

o.n
0.33

1.49
0.70

r.15
o.57
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Apperdix 3A

Effect of coppr Fertilizer on tìe chenical ccrnposition of
Oats{reenhouse StuQy

Soil ¡üo. lteaürent
Cu

Ptrn
Þ1n

Ppn
Zn
pFxn

Fe
ppn

Ca
t

Mg
a

K
g

1

No Cu
2"5
2"5
2.5

23.8
23 "8
20.0

22"8
23"5
2I"O

4'7.5
43.8
33"8

0"45
0.39
0"39

0 .45
0 "44
0"41

0.72
0.84
0.9s

10 Kg Culha
6.0
5.6
5.6

13.8
23.8
2L.3

24.4
2r.3
21.0

47.5
43.8
37.5

0.33
0.38
0"36

0.33
0.42
0"38

0.77
0.77
0.73

2

No Cu
1.3
1.0
1"1

250
250
269

50.0
37.5
34"4

71" 3
56.3
57. 5

0.3s
0.34
0.34

0.50
0.53
0.53

0. B1
0.8r.
0 "74

10 Kg Culha
5.8
6.0
5"6

2r"8
254 0
238 3

28 .8
32,5
32.5

46.3
53"8
55.0

0. 30
0.25
0.30

0 "44
0.47
0 "47

0.75
0.7s
0.66

3

No Cu
3.0
3.0
3.0

30.0
33.8
31.3

22"8
25"4
24.4

37.5
40"0
40"0

0.64
0.73
0. 58

0.64
0.70
0 .63

0,73
0.67
0.63

10 Kg Culha
6.5
6.5
6"5

27 "5
33.8
40.0

23"4
24.4
2r"9

32.5
47 "5
40.0

0.53
0. s3
0"88

0.58
0,55
0.63

0.67
0.64
0.61

4

No Cu
2.5
1.9
1.0

37.5
38.8
42"5

20 "0
20"6
20"0

32"5
sI. 3
50"0

0.34
0.31
0.31

0 "47
0 "42
0.48

0.81
0.75
0.94

10 Kg CuÆa
4"4
4.0
5"3

27.5
28"8
36.3

16.3
18 .1
18. r

48.8
46.3
45. 0

0.29
0.30
0"30

0"37
0.40
0 "42

0. B1
0"81
0.81

5

No Cu
t.r
0.9
l_.0

2L.9
19.8
22,6

2r.9
18"2
20"0

157
140
156

0 .81
0"69
0"91

0"39
0.37
0. 45

0.91.
0.63
0"88

I0 Kg CuÆa
3,0
3.3
3.3

10. t
12"3
Ir.5

20"6
L4.4
rs.6

52.5
5s.0
50.0

0"s3
0"93
0. s6

0 "22
0.36
0.24

0.91
0"7s
0.59
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Apperdix 3A (c.ont'd)

Soil No" lreabrent
Cu

Ptrn
!1n

Ppn
Zn
pFn

Fe
ppn

Ca
t

Mg
aþ

K
g

6

No Cu
2.5
2"5
2"5

17. 5
13. I
r6"3

lr. 0
9"5

r1.0

r93
150
t45

1" 00
0"75
0.82

0.58
0 "44
0.53

0.80
0. Bl
0 "77

10 Kg Culha
3.3
3"3
3.3

9"0
9.0
9.0

10"0
10. 0
1r"3

43.8
47.5
75,0

r.41
0.78
0.64

0 "44
0.42
0"39

0 .75
0.92
0"7s

7

No Cu
2"5
2"5
2.5

33.8
32.5
43.8

23"5
2r.9
23.5

80. 0
80. 0
93.8

0.84
0.9s
1.06

0,63
0.59
0.73

0. B3

0.77
0.77

l0 Kg Culha
3.3
3.3
3.3

23.8
23.8
23.8

15.6
15.6
Is.0

77 "5
40.0
37 "5

0.68
0.80
0 "77

0.6r
0. 36
0.48

0"75
0. s5
0.64

8

No Cu
0"9
I.I
1.0

60. 0
85.0
77.5

r5.6
20.0
20.0

7I.3
97 "5
86. 3

0. 34
0.41
0.38

0.47
0"53
0.52

0.97
0.87
0.7s

10 Kg Cu,4ra
3.3
3"4
3.4

43. I
48,8
46. 3

11.9
r3.1
13. I

5r. 3
55.0
66.3

0.28
0"28
0"3r

0.4r
0"41
0 "47

0.66
0"78
O"BB

9

No Cu
1.0
1.0
1"r

I1.5
11. 5
12.8

8.1
7"5
8"1

zLT
L79
239

0.53
0.69
0"78

0.41
0.44
0.45

0. B1
1.03
0"91

10 K9 Culha
5.4
5.6
4"6

8.5
8.0
8.0

6.9
6.3
6.3

7r,3
140
92.5

0 "44
0.47
0"44

0. 34
0.36
0. 33

0"81
1.03
0 .91

IO

No Cu
3.3
3.0
2"5

10. 0
12. s
12.5

16.9
15.0
13" 5

52.5
50.0
50"0

0"26
0"36
0 "72

0.30
0.31
0.39

0.67
0.5s
0.61

10 Kg Culha
5.6
5.6
5.6

7"5
8.8
8.8

12"5
12"5
ls.0

50. 0
50"0
47.5

0.33
0.28
0"33

0"31
0"30
0"33

0.70
0 "61
0"80
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Aprdix 4A

Effect of Copper Fertilizer on the Chemical Ccrnposition of
Canol a{reenhouse Study

Soil No. TTeabTent
Cu
ppn

Mn
pgn

Zn
pFxn

Fe
pFrn

Ca
et

I-rlg
ot

K
gõ

I

No Cu
2"8
2.5
2.5

46.4
31.7
34.2

32.6
34. 3

3r"2

31, 0
28.0
25"0

2.73
2.33
2.23

0.54
0.49
0.49

I. 50
1" s0
1.40

10 Kg CuÆa
3.4
3"3
3.4

28.8
23.2
24.7

28.2
23.2
28"2

19.0
25.0
2r.0

2.49
r.94
2.26

0.47
0.43
0"53

1.40
r,20
1" 50

2

No Cu
2"4
2"2
7"6

380
460
420

II2
IL2
150

2r2
280
200

1.43
r. 36
L.25

0.98
r.21
1.03

r.22
1.65
L,32

t0 Kg Culha
8.8
9.6

12. 0

270
220
234

80. 2
78.4
89.0

84.0
63"2
91" I

L.32
1.27
1.21

0. 84
0.88
0. 86

1.10
1" 35
1" 03

3

No Cu
4.6
4.8
5"2

90.6
90.8
86"2

27.8
25.4
27 "6

38.2
42"4
44"2

2"r4
2.03
I"72

1.16
1.02
1. 19

1.04
1.16
T"2I

t0 Kg CuÆa
7"6
7.0
5.6

71.8
63. 0
62"8

20"6
20.6
19. 4

37 "4
39.0
33.6

1. 56
1.64
r"76

1.01
1.02
1" 06

1.69
L.26
1" 34

4

No Cu
4.4
5"2
6.0

34.6
43.8
43"2

23"8
3s,4
30.6

33.8
34"8
3s"6

1.81
r,87
t.6t

0.60
0.73
0.61

1. 50
L.26
1" 20

10 Kg Culha
7"0
6.2
6"2

25.8
33"0
2r.4

18.6
22"8
L7.2

22"8
33.8
24"2

1.73
1.70
r.4s

0.58
0.60
0. 50

r. 01
L"26
0.99

5

No Cu
1.8
1"6
1.6

26"2
23"6
25"6

23"6
22.0
20"4

57.2
s3"4
60.8

3.06
2.85
3 "26

0.30
0.3s
0.36

1"r_6
L.74
I"76

10 Kg Culha
5"2
5.2

13"6

18"8
20 "6
20"6

L9 "2
19.0
16.4

49 "2
51.4
50.4

2.58
2"78
2"76

0.34
0.38
0.37

r.43
T.2T
1" ls
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Apprdix 4A (contrd)

Soil No" Íteabrent.
Cu
Ptrn

Þ1n

Ptrn
Zn
pprn

Fe
pFrn

Ca
ab

Mg
ot

K
c

6

No Cu
3.6
5.6
4.0

16.0
L4"4
13,4

13.4
r0.6
9.8

56"6
59.2
57.0

3 "28
3.33
2.96

0.80
0.81
0.78

I "44
L.1L
1" 53

l0 Kg Culhra
5"2
3"4
3"7

9.0
8"9
9"4

10.2
8.6
9.5

48.0
38.0
44"0

2.70
2,75
3.04

0.6s
0.55
0.61

1.19
2.10
2. 10

7

No Cu
2"3
2"4
2.7

56"9
57 "9
60. 4

29.4
30. I
34"7

46"0
53.0
50.0

2.69

4.63

0.45

0.94

2.00

2. 30

10 Kg Culha
5.3
5"3
2.6

53"8
46.7
s7.9

26"5
26.3
32.9

47.0
47 "0
s5. 0

2.31
2"L6
2.r4

0.43
0.46
0 .43

1,40
1.90
1.90

I

No Cu
4.8
4"0
2.2

106
107
97.8

29.4
31" 6
35.8

55.6
49.6
46. 0

2.08
2.24
2"I3

0.88
0.91
0.9r

r.51
1" 04
1. s9

10 Kg Culha
5.2
4.6
4.0

85. 6
74"8
64.4

24.0
24"0
22.0

43.6
45.6
41.6

2.36
2"2r
2.23

0.9s
0 .89
0.93

1.30
I"24
I.29

9

No Cu
2.6
2.0
2.I

r3.7
15. 7
12"9

8.7
14.6
13"3

46.0
51,0
44 "0

2"70
2.62
2.26

0.39
0.41
0.41

r.80
2,I0
r.60

10 Kg Cu,/ha
3.9
4.r
4.1

8.6
9.l-
9.0

9.0
8"7
8"7

42"0
44.0
46. 0

2.81
2. 30
2.L3

0 "44
0.47
0"44

I.70
2.00
1.90

10

No Cu
2"6
L.7
1.9

14"2
13.9
13.8

20. 0
21.3
23"3

29.4
25.0
28.0

1" 87
2"50
2.44

0.48
0"51
0.48

I.28
1" 70
1.60

10 Kg CuÆa
3.6
4.0
3.5

r0" 9
13"8
11" 3

19" 0
17.8
19. s

18.0
23"0
29.0

r. g0

2"75
2"04

0.44
0.58
0 "42

r.90
r.70
2.00
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Apprdix 5A

furcunts of Coppr Extracted Using Various Extractants
llarchand Barlq¿ - Field Experiments (ppn)

Treatnent Replicate INHCL TITPA 18 Na2EDPA lE Na2EIIIA Na2DP

oü\nrcL t
2
3
4
5
6

3.5
4.0
2.5
2"0
2.5
3.5

5.3
3.1
2"8
1"8
I"7
2.0

4.3
5"3
2"9
2"0
1.3
1.5

o?
6.9
4"8
3.8
3.0
5.1

7.7
6.9
8.3
5"7
6"4
7"5

5 Kg Culha I
2
3
4
5
6

20. s
5.0

13" s
9.5
8.3

18"0

16.9
4.1

L2.7
9.3
7"5

17"3

2.6
20. B

3.8
1r.3
8.8
7.1

36 "4
I0.9
8.3

17 "5
l-2"7
31, I

27 "6
10. 5
2r.3
11.9
L2.2
24.7

10 Kg
Culha

I
2
3
4
5
6

35. 5
22.5
24.8
22.0
32.0
8.3

30"4
22.7
2L.4
20"9
26"7
5"7

35. I
26.7
26"3
25"5
29.4
7.r

35. 5
45. 0
37.5
40. 0
58.6
14. 5

36.2
26.L
24.5
32"4
36.8
9.0

20 Kg
Cu,/ha

I
2
3
4
5
6

I05
45"0
63.0
70"0
35. 0
]-2"8

r06
52. I
52.6
35.7
28"0
49 "3

110
53.9
62.0
62.0
44"0
10" 0

170
78

106
105

56
22

0

B

5

115
47.2
7L.7
65. 5
34.9
14"3

40 Kg
CuÆa

1
2
3
4
5
6

88.0
55.0

16s
108
I10
83"0

79 "4
50.8

L27
96,7

118
65.8

56"0
56. 0

162
L02
LaB
75.0

ls0
94.1

244
180
17s
t32

106
58. 5

171
LI2
107
81.0
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Aprdix 5A

Anpunts of Copper Extracted Usirg Various Extractants
Þ4archand Wheat - Fie1d Experinents (prEn)

Treatnent Replicate INHCL DIPA 18 Na2EDPA lt Na2EtfIA Na2DP

CCI\I"IROL I
2
3
4
5
6

1"5
2"0
3.3
2.0
3.1
2"5

2"3
2,4
2.6
2.3
3.1
3.0

4.0
4.0
4.0
3.0
9.0
5.0

6"7
6"2
8.5
7"4
7"4
6"6

6.3
5.4
4.0
1.5
0.1
3.1

5 Kg Culha I
2
3
4
5
6

10.6
20.8
27 "0
6"7

16.0
8.0

8.8
L9.2
9"4
6"8

14.2
6"4

16.6
24"0
II. 3
8.r

16.4
r0.8

15"8
33"8
IT"2
8.0

18.4
T1. B

23.9
3.9

14.5
10"7
10.9
19.6

l0 Ks
Cu,/ha

I
2
3
4
5
6

22.4
19.2
41. I
74.0
10. 6
l-t.6

23.3
17"I
42.0
85.6
8.3

14.9

28.1
20.3
49.1

100
13. r
20. I

30.2
22.L
57.2

104
13. 4
24"5

36.0
27.2
25.2

134
39. r
7"7

20 Kg
Culha

I
2
3
4
5
6

74.0
43. 0
68.0
15.2
16.0
L7 "6

71. 8
49 "8
70, 3
13. s
16"7
13. 5

82"9
6L"2
8s.0
20.3
22"6
18"s

t0r
67 "7
85. 3
23"7
26 "O
19 "2

108
50.9
74.9
69.0
38.5
15. I

40 Kg
Cu,/ha

I
2
3
4
5
6

43"0
50. 0
29.3
74"0

136
5s.0

44"4
49.9
27 "L
85.6

t35
54. s

52"r
65" 6
31.0

r00
66.6

187

197
73"2
62"5

104
194
79.s

t0s
65. I

174
134
r10

86. 0
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Apperdix 7A

êsn¡unts of Copper Extracted Usirg Various Extractants
F,larchand Canola - Field Experinents (ppn)

Iteabrent Replicate INHCL D1IPA It Na2EDPA 1B Na2EDlA Na2DP

MÛROL I
2
3
4

5
6

2.0
2.0
2.5
2.0
2"0

2"8
2"9
3.0
2"I
2"0

8.0
4.0
3.0
2.0
2"0

6.6
6"5
7"7
5.4
5.6

5.9
5.4
5.1r_
8.6
3.6

5 Kg CuÆa t
2
3
4
5
6

3.5
12. B
6.5

10.0
20.5

2" I
6
0
6
I

I3
7

11
24

3"0
12.0
7.0

12. 0
26 "0

7.3
24.0
14"9
24.3
47.2

5.5
17.0
1"3

11.9
28.7

I0 Kg
Cu,/ha

I
2
3
4
5
6

sã. o
5.0

17. s
4.0

si.g
6.0

22.4
4.0

sã. o
7"0

18. 0
27_"0

97.5
12"7
41. 6
Ir. 3

6"1
25.5
5.2
3.4

20 Kg
Culha

I
2
3
4
5
6

16.8
20"5
9.s

50. 0
rl'o

16. 6
24"4
L2"0
50. 5
,9"'

19.0
24"0
14.0
60"0
t:.0

34"1
45. I
16.2
97.r
n:"t

23.5
32.4
8"9

58.9
t:.'

40 Kg
Culha

I
2
3
4
5
6

17.5
93"0
5s.0
45"0
75.0

2I.6
r02

47 "r
46 "7
73"3

2I. 0
r03

58. 0
48"0
r1'o

37. r
I5B
96"3
86. 3

tn1

21. 3
97.r
58.4
62.9
,?.n
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Apperdix 8A

Amcunts of Copper Extracted Usirg Various Extractants
Pinry Barlq¿ - Field Experiments (ppl)

Tteatment Replicate INHCL DTPA 1$ Na2EDPA I8 Na2EDlA Na2DP

mrIrcL t
2
3
4
5
6

2.4
2.2
2"0
3.0
2.4
2.8

0,9
0"7
0"7
2"4
1.8
L"4

6.6
5.8
6.2
7"4
6"0
6"4

5.0
4.7
4"7
7"r
5.7
6.6

4.0
3"0
3.8
5"8
4.8
5.3

5 Kg CuÆa I
2
3
4
5
6

9.8
10. 2
13.9
11.0
14.3
6.9

8.0
11.9
9.0
9"6

13. 0
4.1

17. I
L6.7
2s.4
23"7
22.4
10. 3

17.8
18.9
38.6
2L"7
24.5
I.7

15"9
16.3
24.8
17.9
L9.7
7"4

ì-0 Kg
CuÆa

I
2
3
4
5
6

31.6
24.9
24.1
8.6

30. 7
s6.0

34.0
24.0
26.6
7"5
3.5

55. 0

47.9
37.4
29.3
14. 3
49.0
88.0

49.8
40.1
50. 3
17.6
43. 3
97.7

39.8
35. 6
41. 6
14.2
43. I
73 "7

20 Rg
Culha

1
2
3
4
5
6

52"0
34.0

113
34.0
44.0
34.0

4"9
3.8

33.7
114

4"7
3.5

81. t
53.8

181
68"3
66.8
57"5

87.8
60"s

I76
54.3
64.3
55.9

76 "0
48"0

r27
48.9
62.r
46.4

40 Kg
Cu,/ha

I
2
3
4
5
6

I48
48.0
8s. 0
56.0
41,0

148

r82
51

106
59
46

157

6

I
4

233
74 "8

163
r31

70. 3
228

223
74 "4

r37
100
72"3

250

188
56.7

103
67.5
55. 0

164
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Apperdix 9A

A¡munts of Copper Extracted Usirg Various Extractants
Pinq/ Wheat - Field Exprinents (pf¡n)

ïteatnent Replicate INHCL UIPA lt Na2EDPA It Na2EIIIA Na2DP

cf,ht'rRoL I
2
3
4
5
6

1.3
3"7
1.9
3.4
2"0
4.0

0"9
3.7
1"0
3"2
I"8
3"4

1.5
5.0
2"2
4.3
2.4
5.6

0.6
7"5
4.0
5"7
3.9
7.r

10.1
14.5
12.6
L2.2
11.4
13.4

5 Kg Culha I
2
3
4
5
6

16"2
18.0
9.0

17.0
20.5
16.4

16.1
19.6
12.2
L5. 3
19. s
ts. I

15. 0
28"0
19.0
24.0
3I. 0
25.0

29.L
32.2
24.0
23.7
32,8
27.3

27.3
30. 5
23.6
22.8
28"4
26.r

10 Kg
Cu,/ha

I
2
3
4
5
6

2L"0
18.0
27 "0
52"0
21. 0
4l-"0

31.4
18.8
3r. 0
55. 3
22.5
44.6

46. 0
30. 0
45.0
7s.0
36.0
62"0

55.4
30. s
54"7
7I.6
38.6
98.3

38.4
19.7
36.8
45. I
25.3
57. 0

20 Rg
CuÆa

I
2
3
4
5
6

52.0
56.0
48.0
38.0
27 "0
38.0

46 "9
54.9
37 "4
33"3
28.3
34. s

78.2
82. I
58.0
51.0
39. 0
60"0

104
87. 3
84.4
75.6
49.2
8s.7

64.1
54. I
5L.2
44.9
33.4
5r. 3

40 Kg
Culha

I
2
3
4
5
6

70,0
52.0
80. 0

170
70.0
65" 0

60. s
29 "8
76.5

237
69. 0
6r"7

9s.0
72"0

L2L
254
103
83.0

13r
59 "2

140
297
133

79 "7

75.4
35.7
86.2

160
79 "0
64.0
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Apperdix I0A

Anpunts of Copper Extracted Using Various ExtractanLs
Pinq¿ Canola - Field Ex¡rerinents (ppn)

Iteat¡rent Replicate INHCL UTPA lt Na2EDPA lg Na2EDTIA Na2DP

cfhrIRol, I
2
3
4
5
6

1.9
3.3
3"0
2.4
2.6
r.9

r.1
2"3
1,6
2.2
1.8
1.4

6"1
6.9
6.7
7"1
6.3
5"7

r7.2
7"5
6.8

36"7
6"8
6"3

4.9
4"4
5.1
5.4
5.1
5"0

5 Kg CuÂra t
2
3
4
5
6

7.7
10.5
16.2
ls"4
10"0
18.8

8"5
13. I
2T.T
13.0
5"2

15. 4

17,6
22"7
29.8
25"4
11. 0
25.0

15.7
23. I
27.8
25.6
13. 6
27.0

12.4
17.9
23.6
2I.2
13.6
22.6

I0 Kg
Cu,/ha

I
2
3
4
5
6

34.0
95.0
27 "0
18.0
12"0
12. 0

37 "2
199

31.4
20.1
16.3
ls.9

58. 0
15r
46.0
29 "0
24.0
25.0

58.4
149
50.4
34.3
30"3
29.5

48.9
TI7
39.9
29.2
24"3
25.5

20 Kg
Curlha

I
2
3
4
5
6

34.0
48.0

120
48"0
60. 0
48"0

36. 0
58.1

185
54.8
63.4
43"7

54"0
77.0

17s
75. 0
74 "0
s6.0

5r.2
90"9

266
82.5

I25
72.3

37.3
62.8

L29
63.6
83.4
54.3

40 Kg
Cu,/ha

1
2
3
4
5
6

128
75"0
56. 0
27.0

I28
48"0

L72
149

67 "9
4s.0

2L0
5s.9

193
138
101
55.2

193
78"2

29I
139
Is9
58"1

286
96"4

152
84.4
94.7
53.7

r3l
58.4
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Apprdix 114

ènu¡unts of Copper Extracted Usirg Various Extractants
Pinq¿ Barlq¿ - Field Experi-nents (ppl)

Tteatment Replicate INHCL DTPA lt Na2EDPA lB Na2EDlA Na2DP

CCî\IIROL I
2
3
4
5
6

4"6
L"7
7.4

L2"3
4.9
4.8

5.6
2.3
8"2

14.0
4.8
4"3

6.0
1.0
9.0

20.0
5.0
4.0

7.2
2.2

L2.T
22.2
6.4
6.0

7.7
3.6
9.8

17.4
6"6
5.9

5 Kg Culha I
2
3
4
5
6

34.8
19.8
20.3
18"s
2L.2
33"7

35"0
20 "7
23.0
22.5
17. s
34.8

48.0
27 "0
27.0
29 "0
47.0
27.0

43"4
26.5
36.2
24.8
28"2
42.3

74
5

55
49

143
2L

5
5
I
7

4

10 K9
Cu,/ha

t
2
3
4
5
6

31. I
27.6
11. 9
24.0
85. 0
60. 0

30.7
29 "L
14.3
L9.2
9t.2
59.4

44.0
3s.0
17.0
27 "0
97 "0
80"0

48.2
33.0
2L.3
19.9
87. 3
68.6

39"6
97.7

L22
50.4
35. B

22.0

20 Rg
CuÆa

I
2
3
4
5
6

52.0
41. 0

137
$.0
60.0

r20

56
42

19s
20
66

165

0
9

7
7

7l
55

23s
28
85

l-52

0
0

0
0

65
61

238
zLI

67
122

7
2

4

27.r
50.6

239
33.2
3s.7
25"I

40 Kg
CuÆa

t
2
3
4
5
6

L28
48.0
41.0
75"0

105
220

L47
47.3
39 "2
84.0

L27
25L

184
64.0
63.0

119
153
316

172
58.6
6r.0

Is0
121
132

t4"r
18.9
47.6
94. I
98 "1

195
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Aprdix l2A

ån¡runts of Copper Extracted Using Various Extractants
Stead Wheat - Field Experiments (ppn)

ïìreatrrent Replicate rNHCL DTPA lt Na2EDPA lg Na2EDTIA Na2DP

coffmL t
2
3
4
5
6

2"0
7.0

12. I
4.5
2.5
5,5

9.9
18.2
7"3
4"4
6.8
7"4

3.4
11" 5
L2.6
8.6
5.9
9"6

7.9
It.6
29 "5
11. 5
7"5

1r"7

4.1
8.3

14.4
6.6
4.8
5.8

5 Kg CuÆa I
2
3
4
5
6

14.0
1r.5
28.0
9.5

48. 0
22.0

17.0
14.0
27 "8
10. 3
42"2
23.L

25"6
22"8
45" 3
18. r
60.7
29 "r

39.6
29 "3
50.4
23.3
71" I
42.0

22.9
16.9
28.7
t4.6
47.4
25.2

l0 Kg
Culha

t
2
3
4
5
6

22.5
50. 0
14. 0

105
24"0
18.0

25.0
45.9
17. 5

r19
29 "5
18.8

32.2
63.0
22"3

168
42.2
26.6

54. r
83.1
39. r

2L2
62"r
4r"4

30.1
46.9
23"0

101
3s. 5
24.6

20 Kg
Culha

1
2
3
4
5
6

100
75.0

108
53"0
55.0
16.8

108
64.5
95"7
48.5
55" 0
24"7

154
r07
164
72.6
72.2
82"2

I55
r47
209
104
85"3
51. r

73 "3
68.8

I09
46.9
50.5
23. 1

40 Kg
CuÆra

1
2
3
4
5
6

r00
73.0
37.5
70.0
63.0

103

106
77
42
72
68

r05

3
I
3
4

3s.0
136
99.8
58"0
98.7
94. B

176
140
1r4
140
L25
192

88.0
72"3
57.3
66. B
63"2
9.8
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Apperdix I3A

åurounts of Coppr Extracted Usirg Various Extract¡nts
Stead Carola - Field Experinren¡5 (ppn)

Tteabrent Replicate TNHCL TITPA lt Na2EDPA 1S Na2EIIIA Na2DP

æ{TrcL 1
2
3
4
5
6

2.0
2.0
2"5
2.0
4.5
3.3

7.5
5.4
3"3
4.L
6.5
6.7

4"8
3.4
4"1
2"9
5.4
2.6

4.r
3.0
3.5
2"7
5"0
4"6

4"3
5.7
6"0
5"4
7.r
6"1

5 Kg Culha t
2
3
4
5
6

15. s
26.3
13"5
14"8
23.3
24"0

18. 6
29.4
17.3
19. s
2L.2
28.8

24"7
4L.4
2L"6
25.3
3"0
3,9

2I.9
35.0
t9.2
22.3
36.1
28"9

20.2
24.8
17,5
22.3
24"0
26"8

10 Kg
Cu,/hra

I
2
3
4
5
6

60.0
53"0
34.0
45.0
25"5
27.5

s4.9
54.7
40"r
47.4
26"0
33"2

54, 0
74.0
66.0
65.0
46. 0
61" 0

52.8
74 "5
49.4
56. 5
40.2
28.2

48.0
56. 0
4r.7
46.8
35. r
28 "9

20 Kg
Culha

I
2
3
4
5
6

45.0
63. 0
5s.0
80.0
45.0
39"s

46"3
8s.9
94"8
57.6
54.0

243

60.0
110
86. 0

L25
69.0
74"0

53. I
10s
78.9

u5
66.2
86. 6

43.6
72.4
62.0
85. s
53"7
56 "7

40 Kg
Cu,zha

t
2
3
4
5
6

205
110

80. 0
L20
200
73.0

138
87,3
75"7
86. 3

235
4"4

29.4
160
r01
L76
æI
109

344
198
145
200
320
146

19s
99"8
74.8

I].I
175
7r"9


