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ABSTRACT

Greenhouse studles were conducted to determlne the

relatlonshlps between the copper and zlnc content of flax

and wheat, and selected sol} propertles. Ylelds of flax

and wheat were lower on the caLcareous solls than on the

non-calcareous so1Is. The eopper content of flax and wheaf

groÍ¡n on flne textured solls was generally hlgher than the

eopper content of plants grown on the "o."rå textured. solls 
"

The zLnc content of flax and wheat was generally hlgher

on the coarse textured solls than on the flne textured so1ls.

The copper content of fl-ax lncreased wlth lncreases ln so11

pH, carbonate content, and organlc matter content. The

copper content of wheat was not slgnlflcantly related to

any of the above so11 propertles. The zlne content of

flax decreased wlth lnereaslng pH. However, the ztne content

of flax was not slgnlflcantIy related to so1l carbonate

content or organlc matter content. The ztnc content of

wheat decreased wlth lncreaslng solI pH, carbonate content,

and organlc matter content.

NatDP was found to be the most sultable extractant

to use Ln assesslng the eopper status of Manltoba so1ls.

DPTA (pH = 8"0) was found to be the best extractant to use

1n assesslng the zLnc status of Manltoba solIs. The 1n-

cluslon of so1I pH along wlth extractable zLne or copper as

lndependent varlables lncreased the R2 val-ues obtalned



for the relatlonshlps between copper and z1-ne content of

flax and wheat, and extractable copper and z1nc.

Fleld trlals showed that NaTCuEDTA and NatZnEDTA

lnhlblted germlnatlon of flax when banded 1n wlth flax seeds

at rates of 0.5 to 4.0 ppm copper or zlnc.

In a greenhouse study, a Plne Rldge sol1 was found to

be severely copper deflclent. A Stockton so1l was found

to contaln barely adequate quantltles of "opp"" 
for the

growth of flax plants. A Plum Rldge so1l was found to be

moderately zlnc deficlent whlle an Almaslppl so1l was

found to supply barely adequate quantltles of zlnc for flax
plants

ft was found that solls contalnlng 1.3 ppm NatDP

extractable copper may be suspeeted of belng copper deflcient;

a sol1 contalnlng 0.1 ppm extractable copper vras found to

be severely eopper deflclent. The data showed that solIs

containlng less than 1.3 ppm D?TA (pH=$.0) extractable zLnc

may be suspected of belng zlnc deflclent whlle solls con-

talnlng 0.8 ppm DPTA (pH=$.0) extractable zlne were moderately

zl,nc deflclent,

Plant analysls showed that elght week old flax plants

eontalnlng about 3.0 ppm copper may be suspected of belng



copper deflclent wh1le plants contalnlng 2.0 ppm copper are

eopper deflclent. It was shown that elght week old flax plants

contalning less tha about 13 ppm zlnc may be suspected of

belng zLne deflclent whereas flax plants contalnlng 9.0 ppÍt

zlnc are moderately zlne deflelent.

NaTCuEDTA, CuO, CuS, Cur( PO4 ) Z'3HZO, CuSO4 , CurP 
rOT ,

NaTZnEDTA, Zno , ZnS , zn, (Po¡, ) . 4Hzo, ZnSo4 t ZnP roT and Zni{H4Po4

were evaluated as copper and zLnc fertlllzers uslng lncubatlon

studles. Of all the compounds studled, NaTCuEDTA and NaTZnEDTA

were found to be the best sources of water soluble copper and

zLncr rêspectlvely. Both NaTCuEDTA and NaTZnEDTA were found

to be more soluble ln calcareous so1ls than 1n noncalcareous

solls. Copper phosphate appeared to be the best copper fertl-
llzer of the lnorganlc copper compounds studled. ZInc sul-
phlde appeared to be the best zlne fertlllzer of the lnorganlc

zLnc compounds. ZIne oxlde and zLnc ammonlum phosphate al-so

proved to be good z1,nc fert1l1zers.
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1.

I INTRODUCTÏON

Copper and zlnc deflclencles ln plants and so1ls

have recelved conslderable attentlon due to an ever 1n-

creaslng number of reports concernlng the aforementi'oned

deflclencles ln varlous crops. Copper deflcleneles tend

to occur on acld sandy so1ls and on organlc sol1s. ZIne

deflelencles tend to occur on calcareous so1ls or on hlghIy

leached soils wlth low total zlnc content. Manltoba, due

to lts geologlcal hlstory and large area of agrlcultural
land, has arable solls whlch fall lnto the aforementioned

categories. Agrlcultural praetlees eommon to Manltoba, such

as the appllcatlon of phosphate fertillzers to so1ls, also

tend to accentuate copper and zinc deflclencies.

Although Manltoba contalns solls whlch may not supply

sufflclent copper andlor zlnc for the needs of some crops,

very IlttIe research work has been conducted wlth these

elements in Manltoba. It has been found ln some greenhouse

and fleld experlments, that sandy so1ls such as the Popple-

ton and Mlnlota may not supply sufflelent quantltles of

copper for corn and vegetable crops. In other greenhouse

studles, moderate responses to appllcatlons of zJ:nc v¡ere

noted when flax was grown. Deficiencies of coppe.r and

Zinc have been not_ed by workers in Minnesota on soils similar
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to those found 1n Manltoba.

Slnee copper and zlnc deflelencles occur 1n solls
such as those found ln Manltoba and lnstances of copper

and ztnc deflclencles have been noted ln some Manltoba

solls, experlments were conducted to:
1. assess the coppe;" and ztnc status of 14 Manitoba

solls. Flax and wheat were growr¡ and copper and zlnc

contents of the plants determlned. Re1atlonshlps between

the copper and z1'nc content of the plants and so1l pH, soll
carbonate content, and solI organlc matter content were

determined.

2. determlne the relatlonshlp between the copper and

zl,ne content of flax and wheat, and soll avallaþle copper

and zLnc as measured by varÍous ehemleal extractants.

3. determlne the effect of varlous rates of NaTCUEDTA

and Na",ZnEÐTA on the yleld of flax grown on several solls.
¿

4. determlne the amounts of copper and zi-nc extracted

by water from so1ls treated with varlous copper and ztnc

compounds and lncubated for varlous perlods of tlme. Thls

experlment was condueted to assess the su1tab1L1ty of

several copper and ztnc compounds as fert1llzers.
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A)

II REVIEW OF LTTERATURE

Extractants for Assesslng Plant Avallable Copper and

Ztnc ln Solls

A useful extractant ls one whlch efflclently extracts

the elemgnt from those compounds ln the soll considered to

partlclpate ln 1ts supply to the plant (92). The extractants

generally used to assess copper and zlnc avalLablllty ln
sol1s ean be placed 1n approxlmately flve eategorles. They

are: (1) extractants whlch extract totat amounts of copper

or zlne from the so1L, (2) Utologlcal extractants, (3) salt
extractants, (4) dllute acld extractants, and (5) ehelatlng

agents "

(1) Total copper and zlne content of so1ls-

The total copper content of solls has been used as a

crlterlon for assesslng the aval1ab11lty of copper to plants

(81, 82, 87). However, most workers have found a poor cor-

relatlon between total copper content of solIs and plant

avallable copper (81, 8?). Mltchel (68) found that the

totaL copper content of so1Is could serve as a gulde to the

posslblllty that a deflclency or toxlclty exlsts, but was

not a good measure of assesslng the plant avallable copper

content of solls.

Total- zl'nc content of solls has been studled as a
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guide for assesslng the avallablIlty of zlnc to plants

(47, 114, 116). In almost all lnstances, total zlnc content

of the so1l was found to be poorly correlated wlth plant

avallab le zl-nc ( 64 , 116 , 12lt ) .

(2) Blologlca1 extractants

Asperglllus nlger has been used as a conmon bioassay

for assessing plarrt available copper in soils (25, 33, 43),

Asperglllus nlger extractable copper ls generally consldered

to be adequately correlated wlth pLant avallable copper and,

thus, ân adequate test for plant ava1Iab1e eopper (25, 33,

87). However, the bloassay 1s tlme consumlng and, therefore,
has been replaced by chemlcal extractants whlch are about

as accurate but less tlme consumlng'(43). Also, tests
for avallable copper uslng Aspe.rglllus.nlger were found to

be useful only on acld solIs (119).

Asperglllus nlger has been used as a bÍoassay for
plant avallable zLne in so1l (63, 64, 113). However,

Asperglllus nlger has an lnherent dlsadvantage due to the

fact that the test ls not accurate aE concentratlons above

slx ppm Zn (112). Also, tests for ava1lab1e zlnc uslng

Asperglllus nlger as a bloassay were found to be useful

only on acld solLs (119). Martens et a1. (64) found that

avallable zlnc measured uslng Asperglllus nlger d1d not
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refLect plant

measured uslng

avallabfe zlne as well

0.1 N HCl, dlthlzone,

ava1lab1e zlnc

0.2 M MgSO¿,.

as

or

(3) Salt extractants

Copper extracted from sol1 by salt solutlons has been

used as a criterlon for measurlng the plant avallable eopper

status of soll (30, 65r 75r 84). Sa1ts such as KC1, NHUOAc,

and NaOAc are consldered to extract copper present on the

exchange complex ln the so1l (30, 122). Salt solutlons,
however, generally fall to extraet sufflclent quantltles

of copper to make aecurate analysls posslble (30). NH4OAe

(1.0 N) extractable eopper was found to be poorly correlated

wlth the oceurence of eopper deflclency on Australlan so1ls

(65). Dolar et a1. (26) found 1.0 N Mg(NO3)2 extractable

copper not as well correlated wlth plant uptake of copper

by oats as was 0.1 N HC1,0.001 M EDTA, or 0.005 M DPTA ex-

tractable copper.

Acldlfled salt solutlons have been used as extractants

to measure the relatlve amounts of plant avallable copper

1n soils (4, 30, 33, I22). Gllbert (33) found that avall-
able copper measured uslng Asperglllus nlger was better
related to plant ava1lable copper than copper extracted by an

acld salt extractant composed of HAc and NaOAc.
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zlne extracted from soll by salt solutlons has been

used as a crlterlon for assesslng the plant aval1able

zLnc status of so11 (34, 72, 92, 108). Z1ne extracted

from so1l by salts such as 1.0 N KCI and 1.0 N NH4NO3

has been found to 'be well correlated wlth the zl-nc eontent

of plants 162,92). Zlnc extracted from the so1l by 2-O N

MgCl, was found to be more closely correl-ated wlth the

zlnc content of mll1et than zLnc extracted by 0.1 N HCI

and NH4OAc-dlthLzone (110). However, many workers have

found salt solutlons unsatlsfactory for use 1n determlnlng

the plant avalIable zlnc status of so1l (44, 103' 108, }1B).

Stanton and Burger (fOg) found that salt solutlons dld not

extract sufflclent zlnc from the solI to make accurate

analysls posslble.

Zinc extracted by an acldlfled salt solutlon has

also been used as a crlterlon for assesslng plant avallable

zlnc content of sol1 (4, 108, L22, 121{). Layman and Dean

(61), uslng 1.0 N NH4OAe acldlfled to pH 4.6, found that

there was an apparent relatlonshlp between ühe degree of

zLnc deflclency and the amount of ztnc extraeted from the

soll" Grewat et al. (36) found that ztnc extracted from

the sol} by 1"0 N NH4OAe at pH 4"6 was slgnlflcantIy corre-

lated wlth the response of wheat to zlne applled on Indlan

sol]s. Hlbbard (44¡ found an ac1d1c salt solutlon (o.5 N KCl

acldifled to pH 3.2 wlth HAc) to be a good extraetant for

plant avallabIe zlnc
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(4) Dllute acid extractants

The amount of copper extracted from so1I by d11ute

acld extractants has been used as a crlterlon for assess-

1ng the plant avalIable copper status of soll (23, 81,

106, 109). The two most co¡nmon dllute acid extractants

used for the determlnatlon of plant ava11ab1e copper 1n

so1l are 0.1 N Hcl (43) and 0.43 N HN03 (8t,106).

Copper extracted from solI by 0.1 N HCl v¡as found to be

not as well correlaüed wlth plant avallable copper as

was copper extracted by EDTA (23, 43). SteenbJerg and

Boken (109) found a good correlatlon between eopper ex-

tracted at a pH near 2.0 and plant response to copper

fert1l1zer. Ølen (81) found a good correlatlon between

plant avallable copper and copper extracted by 0.43 N

HNO..
J

Ztnc extracËed from soll by dllute acld extractants

has been used to predlct the plant avallab1e z1.nc content

of sol1 (16, 52, 76, 116). The acld most commonly used

ls 0.1 N HCI. Marten et aI. (64) found a eorrelatlon

coefflelent of 0.562 between 0.1 N HCI extractable zlnc

and uptake of zlnc by corn. Dlthlzone extractable zl-nc

was found to be more hlghly correlated wlth zLnc uptake

by eorn than was 0.1 N HCI extractable ztnc whlle total'
Asperglllus nÍger, and 0.2 M l'lgSo¡ extractable zLne were
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not correlated as we11. Trlerwelller and Llndsay (ff6)

found the correlatlon eoefflclents between the zlnc

content of corn and extractable zLne to decrease ln the

order: 1.0 M (NHq)rCO, + 0.01 M EDTA) NH4OAo dlthlzone

ÞO.f N HCI)total zLne content of solIs. Brown et al.
(16) found 0.1 N HCI extractable zlnc predlcted the occur-

ence of a response to zl'nc fertlllzer ln 73 'percent of

the lnstances where responses to zlnc were obtalned, where-

as zLnc extracted by NaTEDTA, dlthlzone, and DPTA predlct-

ed the oecurence of responses to zf.nc 1n 72r |9rand' 83 per-

cent of the lnstances, respectlvely.

(5) Chelatlng agents

Sequesterlng or chelatlng agents suctr as EDTA at:C

ÐPTA have been used as extractants to assess thi' plant

avallable copper content of solls. EDTA has been the

most commonly used extractant for assesslng the plant avalI-

able copper content of soLls (23r43, 81, 93). McKenzle (65),

worklng wlth BZ Australlan solIs, found that copper ex-

tracted from the solI by 0.02 M EDTA predleted the occur-

enee of response to copper fertlllzatlon 1n 90 percent of

the lnstanees where response to copper occured. Henrlksen

(43) found that eopper extracted from soll by 0.02 M EDTA

v¡as more closely related to plant copper content than was

avallable copper as measured by 0.1 N HCl extraetlon at

pH 2.0 or by Asperglllue nlgel. Vlro (tZ6) found that
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copper extracted from acld F1n1sh so1ls by EDTA could be

used for determlnlng the copper status of acld forest

solLs. Other workers (89,93) have found 0.05 M (Ultr,)rnOtn

at pH 4.0 or 0.05 M EDTA at pH T.O to be sultable extract-
ants to assess, plant ava1lable copper content of so1Ìs.

DPTA has also been used as an extraetant for assess-

lng the plant avallab1e copper content of solls (26).

Dolar et aI. (26) found that DPTA extractable-. copper was

hlghly correlated (r1 O .TT) wlth copper uptake by oats

grown for 23 days on 36 solIs. He found the correlatlon
coefflcients between copper content of oat: and extract-
able solI copper to deerease ln the order:0.001 M EDTA>

0.1 N HCI>DPTA) total sol1 copper> 1.0 N MCNO'; the =2

values were 0.83, 0.83, 0.TT, 0.6g and 0.61,respectlvely.

ZLnc extracted by EDTA has been used to evaluate the

amount of plant avallable zlnc ln so1I. EDTA has been

used alone (72,73,114) or ln eomblnatlon wlth a saLt

solutlon whlch buffei's the extraetant-soll system at a

constant pH (92, 116, 135). ZLnc extracted by EDTA alone

or 1n comblnatlon wlth varlous salts at varlous pHrs was

generally more h1gh1y coruelated wlth plant avallable zlne

than zlnc extracted frorn the solI by other extractants

except dlthlzone (116). However, a few workers have found
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that EDTA extractable zlnc was not as well correlated to

plant ava11able zlnc as Was zLne extracted by 1.0 N HN4NO3'

1.0 N KCl (92)¡ 0.1 N HCI (135), or 0.05 N HC1 and 0.025 N

H?so4 (135).

DPTA has been used as an extractant for assesslng the

plant ava1lable ztnc status of sol-l (t6, 129). Wallace

(I29) showed that zl,nc extracted by 0.001 M NaDPTA at pH's

of 8.0 and 10.0 was more hlghIy correlated wlth plant zLne

content than was z1'ne extracted from the so1I by 0.001 M

NaEDDHA at pHts of 8.0 and 10.0; the *2 values were 0.70,

0.86, 0.52, and 0.35 respectlvely. Brown et al. (16)

found DPTA extractable zlnc predlcted the occurrence of a

response to zLnc fertlllzatlon ln B3 pereent of the lnstanees

where responses v¡ere obtalned whereas amounts of zLnc

extracted by dlthlzone, 0.1 N HClo and NaTEDTA predlcted the

occurrenceof responses to zlne ln 79, 73, and 72 percent

of the lnstances, respectively. Although the data on the

use of thls soll test ls llmlted, 1t has been used ln
assesslng zlnc avallab1I1ty ln Nevada so1Is for the past

three years (16).

ZLnc extracted by NarDP or NaTEDDHA [ethylenedlamine

dl (-O-hydroxy phenyl acetlc acld) dlsodium saltl has been

used to evaluate the plant avallable zlnc content of solls
(92, t29). Ravlkovltch et al. (gZ) used 0.01 M NarDP
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1n 1.0 N NH4OAc as a so1I extractant for plant avallable

zLnc. He found NarDP extractable zLnc to be more closely

comelated wlth the zLnc content of slx erops than zlnc

extracted by 1.0 N KC1, 1.0 N NH4NO3' 1.0 N CaClt' NH4OAc-

dlthlzone, 0.0? M NaCD, 0.02 M NatCaEDTA,or 0.01 M EN.

lrlallace (tZ9) found that zlnc extracted by NarDP at pHrs

8.0 and 10.0 was not as well correlated wlth the zLnc

content of soybeans as was zlne extracted by DPTA at pHt s

8.0 and 10.0

Shaw and Dean (103) suggested the use of a NH4OAe-

dlthlzone extractant for determlnlng the plant avallable

copper content of solts. Blevins (ff¡' uslng 34 Kentucky

so1ls, found that NH40¡.c-dlthlzone extractable copper was

more elosely correlated wlth copper ùptake by m1llet

(r = 0.62) than was EDTA extraetabLe eopper (r = 9.57).

Ztnc extracted from the solI by the NH4OAe-dlthlzone

rnethod of Shaw and Dean (103) has generally been found to

be more closely correlated wlth plant avallable zlne than

zlne extracted from the sol] by other methods (62r 64, 113).

The NHUOAc-dlthlzone method, however, ls laborous and,

therefore, has been replaced by other methods whlch pre-

dlct the plant avallabIe zlnc content of so11s almost as

well (t6, 116).
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B) The Effect of chemlcal and Physlcal So11 Propertles

on Coooer and ZLnc Ava1Iab111tY

The aval]abll1ty of natlve and applled eopper and/ot

zlnc has been observed to be governed by several chemlcal

and physlcal propertles of the sol}. These propertles are:

(1) texture, (2) temperature, (3) organlc matter content,

(4) pH, (5) calclum carbonate content, and (6) phosphate

content.

(1) Texture

copper and zLne when applled to a sandy so1l, are

more avallable to the plant than when applled to a solI

of finer texture (33, 79,113). Most workers attrlbute

thls phenomenon to the fact that most of the applled

copper or zLnc ls tlghtly adsorbed on the clay collold, or

ls fixed wlthln the clay lattlces (32, 7L, 77, 113).

(2) Temperature

As soll temperature lncreases to a normal hlgh the

amount of soluble copper 1n soLl has been found to lncrease

(3, 45, 87, f-33). Zlne avallablllty also lncreases wlth

lncreaslng solI temperature (3' 133).

(3) Organlc Matter Content

solLs wlth hlgh organlc matter contents tend to be
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copper deflclent (33, 95). So11s hlgh 1n organlc matter

generally requlre more applled copper to correct copper

deflclencles than so1ls low 1n organlc matter (33, f15).

M1l1er and Ohlrogge (67) concluded that solL organlc matter

holds copper 1n a form whlch 1s not plant avallable. How-

ever, Gupta and MaeKay (39) have found a low coruelatlon

befween so1l organlc matter and copper uptake for so1ls

contalnlng one to nlne percent organic matter. Thls may

lndicate that low Levels of organic matter ln the soll do

not affect eopper uptake by plants.

ZLne deflclencles occur on solls hlgh in organle

matter content (22, 113). Mll1er and Ohlrogge (66, 67)

found that organlc matter can complex zlnc and hold lt ln
a form unavall¿ble to the plant. However, lrlartens (62)

found a very low correlatlon between soll organle matter

content and the uptake of zlnc by eorn grown on mineral

so1Is.

(4) Ë
The uptake of copper from soll or fertlllzer ls only

sllght1y decreased by an lnerease ln so1l pH (45, 85,

BB, 139). The uptake of zlnc from so1I and fertlllzer was

found to decrease as soll pH lnereased (2r 59r 113, 134).

These effects are attrlbuted to the solublllty of varlous

pH dependenü forms of copper and zLne (2).
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(5) Cglclum carbonate co

Beeson et al. (5) found that calclum carbonate only

sllghtly reduced the uptake of naturally occurlng com-

pounds, but greatly reduced the uptake of copper added as

copper sulphate. Other workers (13, 139) have also found

that calelum carbonate reduced the ava1lab1l1ty of applled

copper sulphate. Calclum carbonate applled to so1I has

also been found to reduce the avalIabll1ty of applled zlnc

and naturally occurlng zLne.(f4, 5l-, 83, 120).

(6) Phosphoqus

Phosphorus applled to a solI can reduce the uptake of

copper by plants (8, 9, 10). Halusehak (41), however,

found that appllcatlons of up to 400 pprn phosphorus had

little or no effect on the copper eontent of flax or wheat.

Phosphorus applled to soll has been shown to reduce zLne

uptake by plants (19, 55, 58, 111). Th" effects of added

phosphorus on copper and z1'nc uptake by plants are usually

most pronounced on solls treated wlth phosphate over a long

perlod of tlme or when a solI 1s treated wlth a large

amount of phosphate fertlIlzer.

C) Crltlea] Levels o_f Copper and Zlnc 1n Solls and Plants

Sol1s

The amount of copper and ztnc extracted from a so1I
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varles wlth the nethod of extractlon used. Methods used

to approxlmate the total coppen and zlnc content of soll
usually extraet the greatest amounts of copper and zlnc

whereas salt solutlons extract the lowest amounüs of copper

and zLnc (fO8¡.' Dlfferent plant speeles have dlfferent
requlrements and toLerances for copper and zLne (88, 106r.

f23). Thus, the values for crltical levels of copper and

zlnc 1n solls 1s dependent on the extractlon Drocedure

used and the planü specles studled.

Both flax and wheat are sensltlve ta copper deflclency
(17, 88n 106). Henkens (42) found copper deflcleney ln
wheat when grown on soll eontalni"ng less than 10 ppm total
copper. Wheat grown on so1l cont,alnlng less than three

ppm Asperglllus nlger extractable eopper was found to be

copper deflelent (42, 87).

Although:.salt solutlons have been used to determlne

the ava1labl11ty of copper ln sol1sr Do crltlcal values

could be found 1n the llterature. FlskelL (30) found that

copper deflclency eould be expected to occur 1n sol1s con-

talnlng less than 0.2 ppm copper extracted by L.0 N NHUOAe

at pH 4.8.

Smllde and Henkens (106) found copper deficlency to
occur ln wheat when grown on so1I contalnlng less than
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4.0 ppm of 0.43 N HN03 extraetable copper. Henkens (42)

found oats responded to added copper when grown on solls

contalnlng less than 3.0 ppm of 0.43 N HNO3 extractable

eopper. StelnbJerg and Boken (109) found solls contalnlng

less than J.1 ppm of 0.1 N HCI extractable copper to be

copper deflclent. Ne1son et a1. (78) found several plant

specles responded to copper fertlllzers when grown on

soll contalnlng less than 3.3 ppm of 0.1 N HCl extractable

copper

Responses of wheat to added copper have been noted

when copper extracted by 0.05 M (NH4)'EOTA at pH 4.0 was

belor¡ 1.3ppm (89). Blevlns and Massey (11) found m1llet

was llke1y to be copper deflclent o¡r solls contalnlrrg less

than 0.3 ppm dlthlzone extractable copper.

The total zlnc content of so1ls has proved to be a

poor crlterlon for estlmatlon of plant aval1able zl-nc

(64, 116)" Therefore, crltlcal vaLues for the total zLnc

content of sol1s are meanlngless.

Donald et al. (25) found solls contalnlng less than

2.0 ppm Asperglllus hlgeq extractable zLne to be zlnc

deflclent. Tucker ët aI. (119) found so1ls contalnlng less

than 2.88 ppm Asperglflus nlger extractable zlnc to be zLne

deflclent.
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Ravlkovltch et al. (92) found zlnc deflclency ln

corn occured when values for 1.0 N KCl and 1.0 N NH4N03

extractable zJ-nc were below 0.2 and 0.25 ppmr respectLveS-y.

Vlets et à1. (123) found that zJ.nc defi-ciency 1n flax
occured on so11s contalnlng less than 0.9 ppm of 0.1 N

HCl extractable zinc. lrlear and Sommer (136) found zlnc

deflelency to occur l-n corn grown on so1ls contalnlng less

than 1"0 ppm of 0.1 N HCI extractable ztnc.

Brown et aI. (16) found zlne deficlency to occur

ln corn 6rown on so1ls contalnlng less than I.25 ppm

ú EDTA extractable zlne. Trlerwelller and Llndsay (116)

found zlnc deficlencles 1n corn grown on so11s contalnlng

less than 1.4 ppm zlnc as extracted by a solutlon 1,.0 M

ln (UUU),CO, and 0.01 M ln EDTA at a pH of 8.6. Brown

et a1. (16) found, the crltlcal leve1 for DPTA extractable

soll zlnc to be 0.5 ppm for corn. Ravikovlteh et al. (92)

found that corn grown on solls containlng less than 1.0 ppm

zf'nc extracted by a solutlon 1.0 N Ln lrIH4OAe and 0.01 M

ln NarDP at pH=/.0 to be generally zlne deflclent. Other

worke¡rs (15, 16, 100, 116) have found that values of NH4OAc

-dlthlzone extractable ztnc below 0.55 pprn usually lndlcate

a zLnc deflclent solL..



18.

Plants

ThecopperandzTnccontentofplantsvarleswlth
stage of growth and plant speè1es (53, 88, 137). Also,

the copper and zLnc content can vary among plant parts'

Regardlessoftheabovellmltatlons,.thecopperandzlnc
content of plants ls one of the better methods of assesslng

lf a plant ls d.eflelent ln these elements (95).

Reuther and Labanauskas (95) found wheat prlor to

headlng respond.ed to applled copper whetr the plant content

was 8.0 ppm or less. Haluschak (41) found seven week o1d

flax plants responded to applled copper when the plant

copper content was 8.0 PPn'

Cornleaves,obtalnedfromplantsstllllntheveg-
etatlve stage, were found to be zlnc deflclent at zl'nc

contents of ]ess than 10 ppm (100). I'lheat plants, analysed

at the three to nlne lnch growth stage ' v¡ere generally

found. to be d.eflclent ln zlnc when the zlne content of the

plant was less than 10 ppn (100). Flax plants, whlch were

7I days old, were found to be zLnc deflclent when the above

ground portlon of the plant contalned 18.0 ppm zlnc or less

(22). Haluschak (41) found seven v¡eek old flax plants whlch

contalnèd less than 21 ppm zlnc responded to appllcatlons

of zLnc.
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D) Copper and Zlnc Fertlllzerl
Copper and zlnc fertlllzers can be plaeed lnto three

catagorles, These categorles are: 1) soluble salts of

copper and zLnc, 2) chelated copper and ztne, and 3)

sparlngly soluble salts of copper anq zlne. The soluble

salts lnclude salts such as copper sulphate and zLnc sul-
phate. The ehelated compounds of copper and zf-nc are com-

pounds such as NaTCuEDTA and NaTZnEDTA. Insolubl-e salts

lnclude the oxldes, phosphates, ammonlum phosphatesr pyro-

phosphates, and sulphides of copper and z1,nc.

I) The Sulphates of Copper and Zlnc

Copper sulphate has been commonly applled to copper

deflclent solls (6, 7 , 117). Copper sulphate 1s an easlly

obtalnable soluble copper salt (21.97 g 1n 100 mI Hrtt at

room temp.) (100). Copper sulphate ls usually applled at

rates of 2.5 50 Ib,/acre on mlneraL solls (6, 94r 95, l17),

Acld sandy solls are usually fertlllzed wlth eopper at the

lower rates whereas so1ls of a heavler texture are fertl-
l1zed at the hlgher rates mentloned above (32, 84). Copper

sulphate has been applled to copper defielent organlc so1ls

at rates of about 50 to 200 lb/aere (33, 94, 95). Organic

solls can usually be treated wlth large appllcatlons of

copper sulphate but contlnued appllcatlon of copper sulphate

on mlneraL solls can lead to copper toxlcltles (94).

ZLne sulphate ls a soluble zLnc salt (8.65 g ln 100 mI
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HZO at 20o C) (I00). It has been applled to so1ls to cor-

rect zhnc deflclencles (22,100) at rates of 2'5 to 50 l'b/

acre of z1;nc sulphate (6.r. 1I3). Generally, smaller amounts

are added to acld sandy so1ls than to heavy textured solls

(22). One appllcatlon of zLnc sulphate at the above nates

ls usually sufflclent to prevent zlnc deflclencles for one

to flve years (r25). zLne sulphate 1s usually applled on

organlc solls at rates exceedlng those mentloned above (22).

2) CôpÞer and Zlnc Na'EDTA

copper EDTA has been appl:i ed to "drr to correct

copper deflclencles (33, 35r'140) aþ rates of 0'l to 3'0

Ib cu/acre. zl;nc EDTA has been applled to mlneral sol1s

aþ rates of 0.5 to 5.0 lb zn/acre (38, 1.7, 113, 131)'

ZLnc and copper EDTA are more effectlve ln correctlng

deflclencles than lnorganle salts (45, 80, 132). The

EDTA carrler ls more effectlve than the lnorganlc carrlers

because the metal-EDTA complex remalns as a neutral mole-

cule 1n the sol1 and., thus, the metal chelate 1s not flxed

by the solI as rapldly as the metal lon (45r 80, 106, 131).

ZLne EDTA has been found to be three tlmes more effectlve

than zJ;nc sulphate on acld solls and slx tlmes more effectlve

than zLnc sulphate on calcareous solls (46). Hovüever,

copper and zínc on EDTA complexes can be replaced by lron or

calclum (80), and the zLnc or copper flxed by the so1l.
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The pH of the so1l solutlon ls lmportant ln determlnlng

the degree of replacement. Copper and zlne EDTA are

generally stable 1n solls wlth pHts between 6.1 and 7.3

and lncreaslngly unstable as the pH devlates from the

above range. iare must be exerclsed,'v¡hen applying metal

chelates to solL slnce they have been found to be toxlc
when applled 1n excess (130).

3) Sparlngly So1uble Salts of Copper and Zlnc

Sparlngly soluble salts of copper and zlnc have been

lnvestlgated as sources of eopper and zlnc fert11lzers.
Sparlngly soluble salts of copper and zLnc are slowly

weathered and, therefore, duplicate the natural proce$ses

of copper and zLne addltlon to so1I. The sparlngly soluble

salts of copper and zLne can be added to so11s wlthout

creatlng toxlcltles. Granual slze of the sparlngly soluble

salt can act as a regulator for the amount of copper or

zlnc dlssolved wlthln a certaln perlod of tlme. Therefore,

regulatlng granual slze ean be useful 1n balanclng the

effects of so1I pH and/or texture on the leachlng and/or

flxatlon of appJ-led copper and zLnc (13).

1. Oxldes of Copper and Zlnc

Copper oxlde ls a sparLngly soluble salt wlth a

solublllty of 0.15 mglllter HrO (56). Copper oxlde has
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been used as a eopper fertlllzer (33,117) at rates of

5 25 lb CuO,/acre on mlneral solls (100). Copper oxlde

has been found to be as good a copper fertlllzer as copper

sulphate when equal amounts of copper are applled (54, 84,

117 )

ZLnc oxlde 1s a sparlngly sol^uble zlnc salt wlth a

solubll1ty of 0.005 g/ljter of HrO at Z5o C (57). ZLnc

oxlde has been used as a ztnc fertlllzer (I2, 50r 70r 104)

at rates of 5 25 Ib ZnO/acre (100). ldhen slmlLar amounts

of zLnc are applled as zLne oxlde or zlne sulphate the

responses obtalned to zinc are slmllar (12, 100, 124).

11. Copper and Zlne Salts of Amnronlum Pilos_phate

Copper ammonlum phosphate ls a sparlngly soluble

lnorganic copper salt (0.9 mg pen 100 g Hr0 at 25o C) (13)"

Copper ammonlum phosphate has been used. as a fertlllzer
for copper deflclent so1ls (13, 100). It was shown that

copper uptake by sorghum from copper ammonlum phosphate

was not reduced by 11mlng whl1e the uptake of copper from

copper sulphate was reduced (13).

ZIne ammonlum phosphate 1s a sllghtly soluble zLne

salt (f .g mg per 100 m1 HrO at 25o C) (13). Brldger et. al-..

found zLnc ammonlum phosphate and zf,ne sulphate to be
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equally efflclent as zlnc fertl]lzers. ZInc ammonlum phos-

phate ls usually applled at a rate of approxlmately 22 Lb/

acre (46).

111. Copper and Zlnc Pyrophosphate

Copper pyrophosphate ls a sparlngly soluble salt wlth

a pKsp value of l-5,08 at z5o c (105). Copper pyrophosphate

1s usually obtalned as a spent catytst from lndustrlal oper-

atlons and, therefore, serves as a low cost source of copper.

Copper pyrophosphate has been used as a soll treatment to

prevent copper deficlency 1n erops (1, 18) and has been

found. to be as effectlve a copper fertlllzer as copper

sulphate (1).

ZLne pyrophosphate 1s a sparlngly soluble zlne salt"

No llteraËure could be found on the use of zlne pyrophos-

ohate as a zLnc fertl11zer.

lv. Copper and Zlnc Phosphate

Copper phosphate ls a sparlngly soluble salt wlth a

pKsp value of 36.9 at 20o c (105). It l¡as found to be an

excellent source of copper when applled to copper deflclent

so1ls (31) 
"

ZLnc phosphate has a pKsp value gf J2,04 at 2oo C (105)

It vras found to be a good source of plant avallabIe zlnc

when applled as a fertlllzer (J,2, 31). Bowan et aI. (12)
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grehr Red Mexlcan bean plants on a neutral nonealcareous flne

sandy loam soll and found the uptake of zJ-nc from zlne phos-

phate approxlmately equal to the uptake of zÍ-nc from ztnc

sulohate.

v. Copper and Zlnc Sulphlde

Copper sulphlde has a pKsp of 37.4 at room temperature

(L27)" It has been applled to solls to comect copper

deflclencles (79). StelnbJerg and Boken (fO9) found copper

from copper sulphlde to be sIlghËLy less avallable to
plants than copper from copper sulphate

ZIne sulphlde has a pKsp value of 23.0 at room temper-

ature (127). Swaby and Passey (112) found sphalerlte to

be a good source of Asperglllus nlger avallab1e zlnc when

compared to other rocks. Holden and Brown (46) found ZnS

to be 10 to 50 tfuues less effectlve than zlnc sulphate 1n

supplyf.ng zlnc to plants.
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rTT MATERTALS AND ANALYTTCAL METHODS

The experlmental methods used for the lndlvldual

studles reported 1n thls manuscrlpt are descrlbed wlth

the results obtalned ln the approprlate subsectlons.

The analytlcal procedures employed ln the lnvestl8atlons

and ln characterlzlng the so1ls are outllned below.

(A) Descrlpt_lon of So11å

Fourteen surfaee solls of varlng texture, pH, organlc

matter content, and carbonate content were selected (Tables

and II). The Red Rlver, Newdale, Wellwood, Altona, Stock-

ton I, Stockton 2, and Plne Rldge solLs dld not effervesce

when treated wlth dl1ute HCL (noncalcareous). The Tarno,

Lakeland, Balmoral, Almaslppl I, Almaslppl 2, Plum Rldge,

and Berlo so1ls all efferveseed when treated wlth d1lute

HCI (calcareous).

(B) So11 Anatyslr

(1) So11 oH

The pH of the so1l

chernlcally on a Coleman

slon of 25 g of so1I ln
1n determlnlng the pH of

samples was determlned electro-
Metrlon III pH meter. A suspen-

25 mL of 0.01 M CaCl, was used

the so1ls.

(2) So11 organlc Matter Content

SolI organlc matter was determlned as descrlbed by
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Table I. Subgroup Deslgnatlon and Textural Class of Solls.

Soil Name Subgroup Textural- C1ass

Tarno Carbonated Rego Humlc Gleysol CIay

Lakeland Gleyed Carbonated Rego Bl-aek Clay Loam

Balmoral Carbonated Rego Humlc Gleysol Sllty Clay Loam

PIum Rldge Gleyed Carbonated Rego Black FLne Sandy Loam

Almaslppl I Gleyed Carbonated Rego Black Loamy Sand

Almaslppl 2 Gleyed Carbonated Rego Black Loa¡ny Sand

Berlo Gleyed Dark Grey Luvlsol Sand

Red Rlver Gleyed Rego Black ClaY

Ner^rdale Orthlc Black CJ.aY Loam

ÏüeIlwood Orthle Blaek CIaY Loam

Altona Orthlc Black Flne Sandy Clay Loam

Stoekton 1 Orthlc Black Flne Sandy Loam

Stockton 2 Orthlc Black LoamY Sand

Pine Rldge Degraded Eutrlc Brunlsol Sand
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Table II. Characterlstlcs of the Sol1s.

So11 Name pH (caclr) Organlc Matter
Content (%)

ïnorganlc COa
Content (%)'

Tarno

Lakeland

Balmoral

Plum Rldge

Almaslppl 1

Almasippl 2

Berlo

Red Rlver

Newdale

WcLlwood

Altona

Stockton I
StockËon 2

Plne Rldge

8"0

B.o

8.1

8.1

7.7

7.8

7.8

7.5

7.3

6"2

7.0

6.2

7"0

6.2

8.4

8.r
6.3

3.4

3.4

3.0

1.4

7"5

6,4

5.1

4.9

4.6

2.6

3.2

t2.5

19. 5

11. 2

19.0

2.0

1.2

4.9

0.8

0.5

0.0

0.5

0.0

0.3

0.0
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trralkley and Black (fea¡. Excess potasslum dlchfomate was

used to oxldlze the organlc matter and the unreacted d1-

chromate back-tltrated wlth ferrous sulphate uslng barlum

dlphenylamlne sulphonate as lndlcator.

(3) Inorganlc Carbonate Content

The method. descrlbed by R1d1ey (96) was used. A

one-gram sanple of so1l was dlgested ln 10 pereent HCI

for 10 mlnutes. The COZ evolved was sucked through a

drying and absorptlon traln, then absorbed by Ascarlte

ln:a Nesbitt tube. The welght of CO, absorbed on the

Ascarlte was determlned and the carbonate content of the

scl1 calculated.

(4) Deterqlnatlon of lrlater Content at Fleld Capaclty

So11, sleved through a two mm s1eve, was plaeed 1n

600 rnl beakers and sufficlent water added to wet the top

one-ha1f of ttesoll. The samples were enclosed 1n poly-

ethylene bags and allowed to equlllbrate for tv¡o days-

So11 samples were taken above the wettlng fronüand drled

at 1050 C for 24 hours. The loss ln welght of the samples

r¡ras measured and the molsture content of Ëhe solls ealcu-

lated.

(5) So11 Catlon Exchange Capaclty

So11 catlon exchange eapaclty was deterrnlned by the
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a¡nmonltrm saturatlon method outl-lned by Chaprnan (21).

Exchange sltes of a 10.0 g sol1 sample were saturated wlth

ammonlum by shaklng for one hour ln 100 ml of 1 N NH4OAc

solutlon contalnlng 250 ppm 11th1um and adJusted to pH

7.0 wlth dllute HCl. The suspenslon was flltered under

suctlon and r+ashed wlth NH4OAc unt11 250 m1 was collected.
The so11 was washed wlth 250 ml of 95 percent eùhanol.

The adsorbed ammonlum was dlsplaced by leachlng the sol1

wlth 250 ml of aeldlffed 1 N NaCl. The flltrate was col-
lected and transferued to an 800 m1 KJelda.hl flask.
Twenty-flve ml of 10 N NaOH ç'as added and the ¡rnräronia dis-
tllled lnto 50 ml of 2.0 pereent borlc acld solutlon uslng

a KJeldahl dlst11Iat1on apparatus. The absorbed ammonlum

was tltrated wlth standardlzed 0.1 N H2SO4 and the catlon

exchange capaclty of the so1ls calcuLated.

(6) Mechanlcal Analyels

The plpette method for partlcle slze analysis was

used. Dupllcate 10.0 g samples were used. Organlc matter

was destroyed by the addltlon of 30 percent hydrogen per-

oxlde. Ten ml of calgon solutlon was added and the samples

stlrred mechanlcally for 30 mlnutes. The sand fractlon
v¡as obtalned by selvlng the suspenslon through a 300 rnesh

selve. The eluate was collected 1n a L000 ml cyllnder and
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made up to volume wlth dlstllled water. Allquots were

taken at a depth of 10 cm for an estlmation of sllt plus

ctay and clay fractlons after allowlng for the approprlate

settllng tlmes. The percent sand, s1lt, and clay were

then calculated.

(7) Chem_1cal Extractlon Procedures for So11 Coppen and Zlnc

Air drled so1I was ground to pass through a one mm

sleve. The concentratlons of eopper and zlnc ln all fll-
trates were determlned by the use of a Perkln Elmer Model

303 Atomlc Absorptlon Spectroi.:hotolrreter. The standard

solutlons used for copper and zlnc determlnatlons were pre-

pared uslng the same solutlons as used for the extraetlon

of the solIs. Delonlzed water was used 1n all preparatlons.

1) Copper and Zlnc Extracted from SolIs by Coneentrated

Aeld

One gram of so1l was welghed and added to a mlcro-

kJeldah1 flask. Flfteen ml of 70% HC1O4 and 10 mJ. of conc.

HNO, were added and the soil dlgested by bo1I1ng untll the
J

volume of acld v¡as reduced to approxlmately three ml. The

dlgest was alLowed to cool and dlluted wlth approximately

25 mI of delonlzed water. The dlgest was allowed to slt
one hour, filtered lnto a 50 mI volumêtrLc fIask, and brought

to volume wlth delonlzed water. Copper and zLne concentra-

tlons of the extracts were then determlned and the copper

and zlne content of the so1ls calculated.
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11) Copper and Zlne Extraeted from So11 by 1.0 N NHUNO3

Ten g of soll were shaken wlth 50 ml of 1.0 N NH,qNO3

for one hour. The suspenslons were then flltered and the

copper and zlnc content of the extracts determlned.

111) Copper and Zlnc Extracted from So11 by a Solutlon

Flve g of solI were shaken wlth 50 ml- of solutlon for
one-half hour. The suspenslons were then flltered and

the copper and zLnc content of the extractants determlned.

1v) Copper and Zlgc Bxtracted from So11 by 0.1 N HCI

Flve g of soll were shaken wlth 50 m1 of 0.1 N HCl

one-haIf hour. The suspenslons were flltered and

copper and zLne'eontent of the extraets determlned.

v) Copper and Zlnc Extracted from So11 by a 1% Solutlon

of Na^EDTA----_
Flve g of solI were shaken wlth 50 ml of l% NaTEDTA

solutlon (ethylenedlamlne tetraacetlc acid dl-sodlum salt)
for one-hatf hour. The suspenslons were flltered and the

copper and zlnc content of the extracts determlned.

vl) Copper and Zlnc Extracted from So11 by a Solutlon

for
the

1.0 N ln KCI and 0.01 N 1n H^SO

1.0 M ln NH¡,OAe, 2% 1n Na,,EDTA, adJusted to pH=7.0

Flve g of soll were shaken wlth 50 m1 of extractlng
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and the copper and zlnc content
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suspenslons were flltered
of the extracts determlned.

v11) Copper and Zlnc Extracled from So11 by a Solutlon

8.65

Two so1l to solutlon ratlosr 5.0 g of so1l ln 50 m} of

extractant and 10 g of so11 Ln 20 m1 of extractant, were

used. The soll and extractlng solutlon were.shaken for
one-half hour. The suspenslons were flltered and the

copper and zlne eontent of the extracts determlned.

v111) Copper_end Zlne Extracted from -So11 by a Solutlon

B.B

Ten g of soll wer.e shaken wlËh 20 ml of solutlon for
one-haIf hour. The solutlons were flltered and the amount

of copper and zlnc ln the extracts determLned.

lx) Copper and Zlnc Extrac9ed from So11 by a So1utlon

Iethylenedlamlne d1(O-hydroxyphenyl acétlc acld) dl-sodlum

saltl and NHUOAe. The pH of the solutlon was adJusted to

7.0 Uy the use of d1lute NaOH. Flve g of so1I !'¡er"e shaken

wlth 50 mI of solutlon for one hour. The suspenslons

were flltered and the copper and zLnc concentratlon of

0.01 M,1n Na"EÐTA and 0.67 M ln (NHr,)"CO" at pH=

.01 M 1n Na^EDT¡1, and 1.0 Þ1 1n (NH',)^CO^ at pH=

0.01 M 1n Na^DP and 1.0 M ln NH',OAc at pH=7.0

An extractlng solutlon was prepared uslng NarDP
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of the fllürates determlned.

x) Copper and Zlnc Extracted frorn So11 by a Solutlon

An extnaellng solutlon was prepared uslng DPTA (d1-

ethylenetrlamlne pentraacétlc aeld), CaOlr, and TEA (trt-

ethanolamlne). Ten g of sollwere shaken wlth 20 nl of

soLutlon fon one-half hour. Extractlons were eonducted at

pHt s of 7 .O , T .5 , 8.0 , and 8. 5. Thereforg ,four extrac-

tlons were þ-enformed on each solI. The pH of the extract-

ttrg solutlons u¡as adJusted. by the use of dlj.ute HAc.

The suspenslons nere flltered and the copprîr âfld zlnc

concentratlon of the extractantl: were determlned.

(C) Plant Analysls

(1) TgchnLque for l,lashlnF Plant Tops

Prior to analysls the plant tops ÍIere washed 1n dllute

HCI (flve ml eonc. HC1 tc¡ four llters delonlzed water)

for approxlmately one mlnute. The plant tops were then

washed ln EDDHA lëtfry.tenediamlne dl(O-hydroxyphenol acêtlc

acld)l (approxlnately one gram ln four llters of dèlonlzed

water) for about one mlnute ln order to remove mlnor

elements adherlng to the plant tops (49). The tops túere

then rlnced ln delonlzed water, allowed to alr dry for

two days,and then drled at 70o C. for two days.

(2) Total Zlnc, Copper, Iron,and Manganese Conlenü of

0.005 M ln DPTA, 0.0f M ln CaCl.' and 0.L M 1n TEA

PLants
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The drled plant samples were flnely ground and 1.5 I
of sample dlgested 1n 17 ml HNO3 and three mI of HC1O4

by bo1llng untll the volume of acld was reduced to approx-

lnately two mI. The dlgest was cooled, dlluted to approx-

lmately 25 ml wlth delonlzed water, and allowed üo slt one

hour. The dlluted dlgests were then flltered uslng l{hat-

man No. \2 fllter paper and brought to volume 1n 50 ml

volumetrfc flasks. The copper, zf.ncr iron, or manganese

concentratlons 1n the solutlons were then determlned by

use of a Perkln-Elmer Model 303 Atomlc Absorptlon Spectro-

photometer (86).

(D) Preparatlon of Copper and Zlnc Fertlllzers
(1) Copper Pyrophosphate (Cu=P*Or)

Copper pyrophosphate was prepared by saturatlng

bolIlng H,PO,, wlth CuO and heatlng unt1l a preclpltate of51
CurP.Oo formed. X-ray and chemlcal analysls showed that¿¿t
the CurPrO, was successfully prepared. The product con-

talned 4I.O% Cu.

( 2 ) Copper Phosphate (Cu, ( P0 r, ), ' qHe_O

Copper phosphate v¡as prepared by nlxing a solutlon

of 46.58 g CuSO4 1n BO rnt cone. NH40H wlth a solutlon of

59 rnÌ cone NH4OH and 23.6 g of H3P04 (99). The soLutlon

was mlxed at room temperature, neutrallzed to pH = 6.0 wlth

H3PO4 and NH40H, and heated for four hours at a low bo1l.
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The perclpltate was allowed to stand overnlght, flltered,
washed, drled at 1050 C, and. analyzed. X-ray analysls

showed the compound to be Cur(POq) Z.3HZO. The compound

contalned [i-.l% Cu and 1.5% NH4*, The NH4*present was

probabl¡r adsorbed on the surfaees of the preclpltate.

One g zl,ne as ZnClrwas placed ln 250 mI of delonlzed

water and neutrallzed wlth dllute NH4OH (f - 1) uslng

methyJ" red as an lndlcator (127). The solutlon was heated

to near bolllng and 25 ml of l0% dlammonlun hydrogen

phosphate slowly added. A flocculent preclpitate of
zLnc phosphate formed. The solutlon was heated on a hot

plate near bolllng untl1 the flocculent preclpltate changed

to crystalllne zlnc ammonlum phosphate (about 60 rnlnutes).

The preclpitate was aLLowed to cool to room temperature,

flltered, and waShed free of chlorlde lons wlth a solutlon
of one percent dlammonlum hydrogen phosphate. The preclpl-
tate was then,washed twlce wlth delonlzed water and drled

at I05o c"

(4) Zlnc Pyrophosphate (ZnrPr0r)

Zlne pyrophosphate (ZnrPrOr) was prepared by heatlng

ZnNH4PO4 1n a nuffle furnace at 900oC for 12 hours (I27).

(5) Zlnc Pnosphate (Znr(PO,, )r.4H"O)

ZIne phosphate was prepared by saüuratlng a bo1l1ng

ZIne Ammonlum Phosphate (ZnNHr,POr,)

One g zl,ne as ZnClrwas placed ln 250
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solutlon of 150 g of 85 pereent H3PO4 ln 750 nI of HtO

wlth ZnO (27). The water lost by evaporatlon was replaced,

the saturated solutlon cool-eä to room temperature, and

then cooled. ln cracked 1ce. The solutlon was dlluted to
two 1lters wlth 1ce cold water and allowed to stand on a

hot plate at a temperature Just below bolIlng untl1 shlny

plates of Znr(P04)r'4ttrO formed" The crystals I'Iere f11-

tered and washed wlth hot delonlzed water. X-ray dlffrac-
tlon analysls showed the product to be Zn3(PO4) r.[UrO.
The product was found to eontaln 42.08 percent zl-nc.

(E) Analysjls of Copper and Zlnc Fertlllzer Cornpounds

(1) X-ray Dlffractlon AnalysJ.s

The X-ray dlffraetlon analysls was eonducted as

outllned by Jackson (48). The equlpment used. was a Ph11lps

X-ray generator equlped wlth a eobalt target tube, a

Gleger counter spectrometer and a Phlllps recorder. Samples

were ffnely ground wlth a mortar and pestle and placed lnto
an aLumlnum box mount backed v¡lth masklng tape. The samples

were then placed on the X-ray apparatus and X-rayed over

a range of 2 to 90 degrees.

(2) Copper Content of Fertlflzers
The copper content of the varlous copper fertlllzers

was determlned by the thlosulphate method (IZT). The

samples r¡ere drled at 1050 C for 24 hours. Trlpllcate
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samples were welghed and dlssolved 1n three rnl of conc.

HNO3 and s1x ml HeO. The samples were then dlluted wlth
25 mI of dlstllled water. One gram of urea was added and

the solutlon bo11ed for one to tr,¡o mlnutes. One N NaOH

was added untll a sllght blue preclpltate formed. Acetlc

acld was then added untll the preclpltate dlssolved. Four

drops of aeetlc acld was then added and the sample dlluted
to 100 rnl. Kr (2.5 g) was added to each sample. The llberated
lod1ne was then tltrated wlth 0.1 N NarSrO, whlch had pre-

vlously been standardlzed versus copper wlre. Two ml of
saturated starch solutlon were added when a llght yellow color
appeared, and the sorutlon tltrated with stlrrlng. hlhen the

blue color faded, two g of ammonlum thLoeyanate were added

and the soLutlon tltrated untll the blue color dlsappeared

for 10 20 seconds. The copper content of the sample was

fhen calculated.

(3) ZIne Content Fertlllzer
The ztnc eontent of the varlous zlne fertlllzers were deter-

mlned uslng 0.1 M EDTA wlth Erlochrome Black T as an lndlcator
(1-27>. The EDTA was stand.ard.lzed uslng zí-ne sulphate. The

zlnc fertllizers were dlssolved ln conc. HCl and the solutlons
neutrallzed wlth 1.0 N NaoH, The sorutlon was buffered at

a pH of approxlmately 10 wlth two m] of NH4OH-NH'CI buffer.
A ferv drops of lndlcator were added and the solutlon tltrated
unt1I the color ehanged from red to blue. The zl'nc content

of the samole v¡as calculated.
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TV EXPERIMENTAL AND RESULTS

as Affeeted by So11 Propertles and Extractable Copper and Zlnc

A greenhouse experlment was deslgned to:

1. study the relatlonshlps between the copper and zl-nc

content of flax and, wheat, and each of the followlng soll-

propertles: texture, PH, carbonate content, and organlc

matter content.

2. evaluate f4 chemical extractants as a means of assesslng

plant avallable copper and zlnc 1n so1ls. The relatlonshlp

between the amounts of copper and zlnc extracted from solIs by

each extractant and the copper and zTnc uptake and content

of flax and wheat was studled. Two nultlple regresslon equa-

tlons were generated to predlct the copper and zínc content and

uptake of flax and wheat. One equatlon used so1l extractable

copper or z1.ne and so1l pH as lndependent varlables; the other

equatlon used extractable copper or zLne, so1l PH, and so1l

organlc matter content as lndependent varlables.

The experlmental deslgn was a spl1t block wlth one sub-

group conslstlng of r,¡heat grown on Ì4 Manltoba so1ls and the

other subgroup consl.stlng of flax grown on the same 14 solIs"

tllthln each subgroup the three repllcates of each so1Ì were

randomlzed. Perlod1cally, the pots were rotated wlthln each

subgroup on the greenhouse bench to ensure unlform l1ghtlng

for all pots. Two kllograms of a1r-dr1ed so11 were placed lnto

one-haIf gallon glazed porcelaln pots. One-hundred ppm N as

NH4N03 , 20 ppm S as K2SO4 , 20 ppm P as KHZPOq, and 100 ppm K

A. Yleld and Copper and ZLne Content of Flax and Wheat
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as KCl, l(2S04¡ or KtÍ2P04 r,rere added to afi pots. These nutri-
ents lvere added in liquid form and banded approximateJ-y one-

half inch below the seed. The seed was placed approximately

one-half inch bel-ow the surface of the soil-. Eight wheat or

sixteen fl-ax seeds were sown per pot. The soil vras watered.

to field capacity with deionized water. The soils were kept

at about fiel-d capacity by viatering with deionized water rvhen

required. After emergence, the wheat plants were thinned to
four plants per pot and the flax to eight plarrts per pot, The

pì-ants vrere grown for six weeks in the greenhouse, harvested,

washed, dried, weighed, and analyzed for copper, zinc, iron,
and manganese.

(i) The relationships between yield, coÞÞer ârrcl zínc content

of flax and wheat .erd soil properties.-

Fl-ax and wheat grovr-n on the calcareous soils produced

less dry matter than the plants grov\irt on the non-calcareous

soil-s (Tabl-e III). Yields were not influenced by soil_ tex-
ture or organic matter content,

Fl-ax and wheat gro$,n on the eaLcareous soils contained

less zinc than the plants growrr on the non-cal-careous soil-s
(table rv) " The copper content of fl-ax grown on the car-care-

ous soil-s was generally higher than when grolvn on the non-

calcareous soi-ls. The calcium carbonate content of the soils
did not noticably affect the copper eontent of wheat. Except

for wheat grown on the Berlo soil-, fJ-ax and wheat growrr on

the fine textured soils had a higher copper content than the
plants grown on the eoarse textured soils, Flax a¡rd wheat

plants growrr on the coarse textured. soil-s appeared. to have

higher zínc contents than the plants growrÌ on the fine textured
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Table III

Yield of Flax and Wheat (g/pot)o

Soil Fl-ax Wheat

Tarno

Lakeland

Balmoral

Plum Ridge

Almasippi I
.A"Imasippi 2

Berlo

Red River

Newdal-e

Well-wood

Al-tona

Stockton I
Stockton 2

Pine Ridge

2,r7

T,B?

L.68

1. B0

L.56

I.f9
L. B6

3,6L

2,L5

2.40

2,32

L.9L

2,42

2 ,46

2,67

3,00

2,16

2.39

2,A6

2,32

2.66

3.65

3,L3

3,?Q

3,04

3,42

2.95

3,76

*YieLds are averages of three replicates
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Table IV

Copper and

Soil

Zinc Contents of Flax and Wheat (ppm)

FIax Wheat

Tarno

Lakeland

Balmora1

Pl-um Ridge

Almasippi I
Ahnasippi 2

BerIo

Red River

Newdale

Wellwood

Altona

Stockton I
Stockton 2

Píne Ridge

11.3

9r7

9,7

7,3

6.0

6.3

5,7

9,7

7.7

-J$

6,3

l+ ,5

5,3

4,5

13,3

L3,3

12,B

15.0

,r, s

22, 5

25,O

37 ,5

I+L,7

32, 5

35,8

32, 5

9,7

9,3

9.0

9,5

8.0

L7 ,3

II.0
9,Q

8,7

9,5

5,3

LL,7

L3,3

23,3

15.0

L9,3

20,0

10,0

2L,7

22, 5

25,A

28,3

3L,7

31.0

23,3

rÉ Samples a.ppeared to be eonta¡ninated as values obtained were
several fo1d greater than those reported above. '
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(11) Relatlonships between copper and zlnc content of flax

and wheat , and so1l pH, carbonate content, and or€lanle

matter.

The relatlonshlp between each of the dependent varlables

and each of the'lndependent varlables was ealculated. The

copper and zlnc content of flax and wheat were used aÈ the

dependent varj-abl-es and soil pH, carbonate content, and

orgarric matter content were used as the ind.ependent varj--

ables for this experiment,

Copper content of flax was found to be slgniflcantly
related to so1] pH and carbonafe content (Table V). The

equatlons relatlng flax copper content to so11 pH and car-

bonate content show that the copper content of flax lncreased

wlth lncreases ln soll pH and carbonate content (Appendlx 2A).

lrlheat eopper content was not slgnlfleantly related to so1I pH

or carbonate content,

The copper content of flax lncreased wlth lnereases 1n

the amount of organlc matter ln the soll (Table V and Appendlx

2A). Other workers have found copper content of plants to
decrease with lncreaslng soll organlc matter content (33, 67)"

However, the negatlve correlatlon between copper content of

plants and soll organlc matter content may not hold at the

low organlc matter contents (1"4 to 8.4) encountered 1n thls
study (39). The copper eontent of wheat v¡as noü slgnlflcantly
related to sol1 organic matter content. Although the rela-
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Table V

Coefficients of Determination (r2) for nefationships Between
Copper and Zinc Content of FIax and Vlheat and SoiI-pH,
Carbonate,and Organic Matter Content

Carbonate Organic i{atterpH Gontent Content

Flax - Copper o.5l6x o,545x e.??6xx

Wheat - Copper 0,2t+5 0.191 0.484

Flax - Zinc o.52ox o,j67 o.z4o

Wheat -'Zínc O,57?xx O,5lllx Q,55Ox

xx Significant at l% level of probabilit¡r

x Significant, at 5y'" 1evel of probability
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tlonshlp was not slgnlflcant the equatlon for the relatlon-
shlp lndicated that the copper content of wheat decreased

wlth lncreases ln soll- organlc matter content.

The zl-nc contenü of flax and wheat was found to signl-
flcantty deerease wlth lncreases 1n soll pH (Table V and

Appendix 2A). Thls ls ln agreement wlth the flndlngs of

other workers (foz, 113). The zlne content of wheat was

slgniflcantly related to so11 carbonate content. The zLne

content of flax was not slgnlflcantly related to soll car-

bonate content. However, the equatlons relatlng pl.ant

zlne content to so1} earbonate content showed that the zlnc

content of both flax and wheat decreased wlth lncreases ln
so11carbonatecontent.Thesef1nd1ngSare1nagreement

wlth those publlshed by other. workcrs (14, 83, 120).

The zl-nc content of flax was not slgnlflcantly related

to the organlc matter content of the soll; A slgnlflcant re*

latlonshlp was obtalned for wheat; zlnc content of wheat de-

creased ürlth lncreases 1n so11 organlc matter content.

In several lnstances noted above, the relatlonshlps ob-

talned between solI propertles and plant content of copper

and/or zlne depended upon the crop grown. Thls would 1nd1-

cate that flax and wheat may dlffer 1n thelr ab1l1tles to utl-
Ilze natlve so1I copper and/or zLnc. Thus, results of studles



45.

uslng one crop to evaluate natlve solL copper or zlne avalI-

ablllty may not be appllcable to other crops.

2. Avallable So11 Copper and ZIne as Measured by

Chemlcal Extractants

Fourteen extractants were used to assess the plant

avallable copper and zLnc content of 14 Manltoba so1Is.

The sultablllty of each extractant was evaluated uslng the

followlng crlterla:
1. ablllty to extract copper and/or zlnc ln amounts that

could be accurately measured uslng an atomlc absorptlon spec-

trophotometer.

2. abl1lty to extract copper and/or zl.nc from so1ls 1n

amounts that would reflect the copper and z1:nc content and uptake

by plants.
(1) Extraetants whlch dld not extraet_copper and/or zlne 1n

amounts that eould be accurately measured or lnterferred
wlth the deterrnlnatlon of copper +t

absorptlon spectrophotometry .

NHT,NO- (f .O N) dld not extract measurable amounts of¿rJ

copper and zLne. Thus, a separatlon of the solls based on

thelr NH¡,NO, extractable copper or zLne content could not be&tJ

conducted. A solutlon conslsting of H2SO4 (O.Of N) and KCl

(f.O N) also proved to be a poor extractant for copper and

zlnc. Background lnterference from the extractant was hlgh

and measurement of the eoncentratlons of copper and/or zLnc

ln the extracts meanlng-
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less. The extractant, 0.01 M ln NarDP, 1.0 M 1n NH4OAc,

adJusted to pH=J.0, contalned sufflclent quantltles of zLnc

as 1mpurlt,1es to make measurements meanlngless. The contamln-

atlon of the extractant appeared to be due to hlgh levels of
zlnc Ln the ìiarDP used 1n the extractant.

(11) Extractants whlch extracted. measurable ouantltles of

copper and,/or zÍnc.

ALl extractants except those mentloned prevlously extracted

adequate amounts of copper and/ot zlnc to allow separatlon of
solls on the basis of extractable copper and/or zlnc content.

In nearly all câs€s¡ only a small portlon of the zLnc or copper

extracted by a mlxture of concentrated HNo3 and 70% HC1O4 was

extracted by the othen solutlons. Amounts of copper extracted
by the varlous r'xtractants decreased 1n the order: 0.67 M

(uru)rco, + 0.01 M NaTEDTA (t:Z)) V NaTEDTA) 0.01 M NarDp +

I.0 N ìlH4OAc ) 0.67 M (NHq)rCO, + 0.01 M NaTEDTA (1:10) )
I.0 M (UUU)reO, + 0.01 M NarEÐTA> 2l NaTEDTA + 1.0 N NH¡,OAc )
0.005 M DPTA + 0.01 M CaCl, + 0.1 M TEA>0.1 N HCl (fa¡te VI).
Amounts of zlnc extracted from the solls by various extractants
decreased ln the order: 0.L N HCI >L% NaTEDTA) 0.67 t'l (ttHU)rCO,

+ 0.01 M ìIaaEDTA (t:Z)) r.O M (nltu)rCO, + 0.01 M NaTEDTA >
0.67 M (NHq)rco, + O.ot M NaTEDTA (t:rO))zf NaTEDTA + 1.0 N

NH4OAe) 0.005 l'1 DPTA + 0.01 I{ CaCl, + 0.1 M TEA (Tab1e VII).

The concentrated acld extractable copper content of the

so1ls varled v¡lth so1l texture. The flne textired so1ls con-

talned larger amounts of copper than the coarse textured solils
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(TabLe VI). Copper extracted by other reapçents was also re-

Lated to so1l texture; flne textured solls contalned more ex-

tractable copper than eoarse textured solls. The calcareous

solls contalned larger amounts of extractable copper than the

non-caLcareous so1ls.

The concentrated acld extractable zlnc content

solls varled wlth so1I texture. The flne textured

contalned more zlnc than the coarse textured so1Ìs

Zlnc extracted by other reagents was affeeted more

carbonate content of the soll than by solI texture.

solls getrerally contalned less extractable or plant

zlnc than non-calcareous solls.

The relatlonshlps between extractable

uptake or content of wheat v,e¡e not found

the 5% l-evel (TabLe VIII).

of the

so11s

(TabIe VII).
by the

Calcareous

avallab Ie

copper and the copper

to bè algniflcant at

/

(1ff ) Relatlonshl-gs betr'¡een _amountq of copper and zlnc extracted

from soll-s and copper a_qd zlnc ln plants.

Three types of equatlons: llnear, logarlthlnd.c, and quadrablc,

$rere tested to determlne whlch equatlon would best descrlbe

the relatlonshlps between the copper and, zLnc content of wheat

and flaxrand the copper and ztnc extracted from the solls. A

2quadratlc equatlon of the form, Y = *o * al*I + a2x1-r gave

the hlghest 12 values for the above relatlonshlps. Therefore,

only that data obtalned uslng the quadratlc equatlon 1s pre-

sented, (ta¡le VIII and Appendlcles 3A - 104).
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.: The copper content of flax was best reflected by the

amounts of copper extracted from the sol1 uslng NarDP. The

copper eontent of flax was slgnlflcantly related to amounts

of copper extracted by all extractants except rÍ NaTEDTA and.

O.1 N HC1. The ,2 values for slgnlcant relatlonshlps de-

creased ln the order:NarDP, DPTA at pH = 7.0,0.62 M (NH4)'CO,

+ 0"01 M NaTEDTA at pH = 8.65 (1:2), 1.0 M (nHU)rCO, + 0.01 M

NaTEDTA at pH = 8..8r.'ÐFT.A,at.pH = 8.0, DPTA at pH = 8.5,

Conc. HN03 + 7qS HC104r 0.67 t'f(NHq)rCOr+ 0.0I M EDTA at pH =

8.65 (1:10), 2% NaTEDTA + 1.0 N NHuoAc at pH = 7.0.

rn general the ,2 values obtalned. for the relatlonshlps
between soll avallable copper and eopper uptake by frax were

hlgh. The best relatlonshlp between extractable copper and

copper uptake by flax was found v¡hen NarDP was used as an

extractant. The 12 values obtalned. for the varlous extract*
ants decreased as fo.llows: NarDP, DPTA at pH = 7.0, DPTA at pH

=7.5, DPTA at pH = 8.0, DPTA at pH = 8.5, Cone. HNO3 + TO%

HC104,0.67 M (NHU)reO, + 0.01 M NaTEDTA at pH = 8.6i (1:2),
1'0 M (NHU)rco, + 0.01 M NaTEDTA at pH = 8.8,0.6? M (uHU)rco, +

0.01 M NaTEDTA at pH = 8.65 (1:I0), Z% NaTEDTA

at pH r 7.0r 1% NaTEDTA, 0.1 N HCI.

1.0 N NH4OAc

The zlnc content of frax and wheat was best reflected
by the amounts of ztnc extracted by a solutl.on conslstlng of
DPTA, Callyand rEA adJusted to pH=8.0 (raole vïrr). The

zLne content of the plants was also slgnlflcantly related. to

+
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amounts of z1,nc extracted by several other extractants. The

^T¿ val-ues obtalned for the above relatlonshlps, conslderlng

both crops, decreased 1n ühe order: DPTA at pH - 8.0, DPTA at

pH = ?.0, DPTA aü pH = 8.5, 1.0 M (NHq)rCO, + 0.01 l'1 NaTEDTA

at pH = 8.8, DPTA at pH = 7.5r 2% NaTEDTA + 1.0 NH4oAc at pH =

?.0. The relatlonshlps between the zlnc content of plants and

extractabLe zf.nc uslng;conc. HN03 + 701, HC1O4, 0.1 N HCl'

lß NaTEDTA, 0.67 M (HHu)rCO, + O.O1 M NaTEDTA at pH = 8.65

(1:2), and 0.6? l'1 (liHU)rco, + 0.01 M NaTEDTA at pH = 8.65 (1:10)

as extractants had 12 vaLues whlch were 1ow and not slgnlflcant

for elther one or both crops.

In general, the ,2 values obtalned for the relatlonshlps

between extractäble zlnc and the zlnc uptake by flax alrd vrheat

t{ere lower than those found for the relatlonshlps betlveen so11

avallab1e ztnc and the zlnc content of flax and wheat, Thls

nay be due to deflclencies of other elements or other soll

factors whlch reduced growth of the plant whl1e not affectlng

the ztnc content of the plant. As was found for plant zLnc

content, zLne uptake by the plants was more closely related to

zLnc extracted by a solutlon of DPTA, CaCIrr ârid TEA adJusted

to plI = 8.0 than to zhne extracted by other reagents. The ,2

values obtalned for the slgnlflcant relatlonshlps between zlne

uptake and extractable zLnc, conslderlng both crops, decreased

ln the order: DPTA at pH = 8.0, DPTA at pH = 8.5,

0.1 N HCl, DI{IA at pH = 7.5. Ztnc extraeted by other extract-

ants such as: conc, HNO" + 70% HCIO4 , I% NaTEDTA , 2% NaTEDTA +
5

1.0 N NHuOAc at pH = 7.0,0.67 l'I(NH¡)rCOr+ 0.01 M NaTEDTA at
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pH = 8.65 (t:Z):and 0.67 M (HHu)rCO, +0.01 M NaTEDTA at pH =

8.65 (t:tO) were not s1gnlflcantly related to the zlnc uptake

of flax and wheat.

The results of thls study lndlcate that a solutlon of

DPTA, CaCl,,, and TEA at pH = 8.0 would be the best extractant' ¿'
for measurlng avallable zlne ln Manltoba solts for both

flax and wheat. The results also lndlcate that for both flax

and wheat extractabÌe so1I zinc was more closely related to

the zlnc content than to zlne uptake. A solutlon of Na^DP

and NH4OAc adJusted to pH = 7.0 was found to be the most

useful extractant ln assesslng so1l avallabIe copper for f1ax.

A solutlon of DPTA, CaC1.2r and TEA at pH = 7.0 would also be

a good extractanü for measurlng avallable eopper ln Pianltoba

solls. The results lndlcate that extractable so11 copper viíls

more closely related to the copper uptake than to the coptrier

content of f1ax. None of the extractants proved usefuÌ 1n

assesslng the avallab1Ilty of solI copper for wheat.

(1v) The use of multlp1e regresslon analysls to predlq! lhe

amounts of eopper and zlnc 1n flax and wheat.'

Several workers (26r'62r 63) have.found that so1I proper-

tles sueh as pH and organlc matter content when lncluded along

with extractable copper and zlnc, ald ln predlcting the plant

uptake and content of copper and zInc. Thus, the relatlonshlps

between plant uptake and eontent of copper and zInc, and solI
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extractable copper and zlnc, solI pH,and organlc matter content

were calculáted (Appendlcles 19A-26A). The two multiple re-
gresslon equatlons useã were:

(r) Y=ao + .1*1 + ,z*12 + 
^3*z 

+ 
^U*22 

+ 
"5*1*2(2) Y=ao * 

"r*1 
+ ,z*LZ * .3*, + ,4*r2 * .5*3 + 

^6*32
where Y = the content or uptake of copper or zlnc for frax or
.wheat, xl = so1l extractable copper or zhne, xZ = solI pH,

and xt = so1l organlc matter content. Tabres rx to xrr show

the R2 values obtalned for the relatlonshlps betrveen zLnc

aldcopper uptake andcontent for fl-ax and wheat, and. extractable
copper artd zlnc 1n comblnatlon wlth the above menËloned. soll
propertles. By comparlng the above R2 values wlth the ,2
values obtalned uslng only extraetable solr copper ard, zlnc
(Table vrrr), a Judgment can be made regarding the use of so1I
propertles 1n comblnatlon wlth extracta'oLe copperand zLne as

a crlterlon for assesslng so11 copper and zlnc avallab1rlty.

The R2 values obtalned. for the relatlonshlps between the
copper content of flax, and soll extractable copper and pH

were hlghly slgnlfleant (Table rx). The R2 yalues for the
relatlonshlps between eopper content of flax and soil extract-
able copper, pH, and organlc matter content were also hlghly
slgnlflcant" The R2 values obtalned wlth soll properties and

extractable copper as lndependent varlables were. consÍderably
hlgher than those obtalned when only extractable copper was

u"à¿ ." an lndependent varlable (ra¡te vrrr). The R2 values

obtalned uslng both so11 propertles (pH and organlc matter
content) along wlth avallabLe copper as lndependent varlables
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Tabl-e IX

Coefficients of Determination (n2) for Multiple Regression
Ãnáfisi" Between SoiI pH, 0rganic Matter Content, and
È-i{räcta¡fe Copper ar¡d the Cõpper Content of irlax and Wheat.

Flax Wheat

pH and ¡natter and pH and matter and
exiractable extractab.Ie extractable extractable

copper copper copper copper -.
n*trr"t"nt (equåfiãn r) (equation z) (equation 1) (equation 2)

conc. HNO3 + ?O% HCLO'

0.1 N HCl

1Ø NaTEDTI'

zy'" NaZEDT}. + I.0 N

NH40Âc at pH = l,o
0.01 M NarDP + L.0 N

NHgO.A,c at pH = l,o
1.0 M (Wru)rcOt+o.olM
Na2EDTA at PH = 8.8

0,67M (NH¡)rco"+o.olM
Na2EDTl ut ñn ! a,65 Q'z)

o. 6?M (nHu) rco.r+o.otlvt
Na2EDTÀ at pH í 8,65 (I:10)

0 ¡005M DPT¡,+O.01[1 CaClt
+0,1M TEA at pH = 7.0

0.005M DPTA+0.01M CaCla
+0.1M TEÂ at pH = ?,5

O.OO5M DPTA+O.OtM CaCI,-
+0.1M TEA at pH = 8.0

0.005M DPTA+O.01M CaCI,
+0.1M ÎEÄ at pH = 8.5

x Sig¡ificant at 5%

xx Signific'ant at Ly'"

o.g6xx O,g?xx

Ievel of probabilitY

level of probabilitY

o. gg**

o:64

o. g5xx

o. g8xx

o. ggxx

0.95)or

o. gt}x*

o, g6xx

o. ggxx

0,9?#

o,g?xx

o,g?xx

o,g?xx

o. 96**

o. g6xx

o,g6xx

o.g6xx

o.g6xx

o,g?xx

O,g?#

0.g6xx

o,g?xx

0.87

0.88

0,7þ

o. grx

0.8?

0.88

o,g?x

o,87

0.87

0.87

0,90

0,8?

0.t10

o,2L

0,33

o.)6

o,39

o.ll8

0,45

o,43

o.llo

0,37

0. J8

Q,39
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were usually not hlgher than those obtalned when sol1 pH and

avallable copper were used as lndependent varlables. For the

maJorlty of extraetants, an equatlon lncludlng so11 pH and so1l

extractable copper as lndependent varlables would be the best

equatlon to use to predlct the eopper content of fLax- plants.

However, when 0.1 N HCl and I% NaTEDTA were used as extract-

ants, the copper content of flax was best predlcüed when avall-

able so1l copper, so11 pH, and soll organLc matter were used

as lndependent varlables.

The copper content of wheat was

related, wlth extractable solI eopper

R2 values were obtalned only when 2%

not slgnlflcantly cor-

(TabIe VIII). Signf.flcant

NaTEDTA+1.0NNH4OAe

and 0.01 M NaTEDTA + 0"67 M (ttHu)rCO, at pH = 8.65 (t:Z) were

used as extractants and both pH and organlc matter lncluded as

lndependent varlables (Table IX). Slnce ]-lttIe or no correla-

tlon exlsted between exüractable soll eopper ar:d copper con-

tent of wheat, lt ls not surprlslng that the lncluslon of

so1I pH and organlc matter content as lndependent varlables

dld, not result ln slgnlflcant R2 values.

The relatlonshlps between copper uptake by f1ax, and sol}

extraetable copper and pH were hlehly slgnlflcanü exeept when

0.1 N HCI was used as an extractant. (taUfe X). The relatlonshlps

between copper uptake by flax and so11 extractable copper, soll
pH, and so1l organlc matter content were all hlgh1y slgn1f1cant.

Generally, 1t was found that soll pH when comblned wlth avall-

able soll copper best predlcted the copper uptake of flax
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Table X

Coefficients of Determination (R2) for Multiple Regression
Änalysis Betrveen Soil pH, Organic i[atter Content, and
Extractable Copper and Copper Uptake for Flax and 'vlheat.

Flax Wheat

pH and matter a¡d pH and matter and
extractable extractable extractable extractable

copper copper copper copper
Extractant (equation 1) (eouation 2) (eouation 1) (equation 2)

Conc. HN03 + 70% HC].O4

0.1 N HCI

lft Na2EÐI/..

2dÁ Na^EDTA, + 1.0 N
z

NH4OAc at pH = 7,O

0.01 M NarDP + 1.0 N

Mi4OAc at-pH = l,Q

1.0 M (NH,,)rC0.+0,01M
Na2EDTA "i i¡r i 8.8

0. ggtc(

0.69

o.g5lo(

o.g6s

o.96Æ

o.g5:g

0.g4xx

0. g6:0(

o.g6xx

o.96Æ

o.g?Ð(

o,g5#

o.ggx

o.grxx

o.g2#

o.glxx

o.g4xx

o.g2Æ

o.g2Æ

0.91xï

0.,9þ:o(

o.g3xx

o.94xx

0.90xx

0.41

0.42

o.35

o.3l+

0.40

0.44

o.42

0.41

o.42

O,39

0.39

0.41

o.72

o.89

o.?6

o.gox

o.82

o.gox

o.glx

o.85

o.?8

o.?g

o.82

o.?8

ô.6a,r (NH4) rcor+o,or
Na2EDTA at þU -= 8.65 (l:10)

0.O05ll DPTA+O.01M CaCl,
+0.1M TEA at pH = /.0 -

O.00jil4 DPTA+0 . 0114 CaCla
+0.1M TEA at pll = ?,5

0.005M DPTA+O.01M CaCl"
+0.1M TEA at pH = 8.0 -

O.OOJI'{ DPTÀ+0. 0}l{ CaCl,
+0.1M TEA at pH = 8.J -

0.67M (nH4)rcor+o.orM
NaaEDTÂ at pH = 8.65 {.1¿2)

x Significa¡rt at

:o< Significant at

lho

the

5y'" prob,abiJ.ity leveI.

1Ø probability level.
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plants. The R2 values obtalned when the above lndependent

varlables were used were 5 to 10Í hlgher than those obtalned

when only sol} avallab]e copper was used (Tab]e VIII). The

R2 values, obtalned when so1l avallabte copper, soll pH, and

soll organlc natter content v¡ere used to predlct the copper

uptake of flax plants, t{ere lower than those obtalned when so1I

avallabte copper and soll pH were úse¿ to predlet the eopper

uptake by flax except when:concentrated HNO3 + iOf' HCiOq, 0'1 N

HCl, and I% Na'EDTA,were used as extractants.

Copper uptake by wheat was not slgnlflcantly correlated

wlth extractable so11 copper (Table VIII) or extractable so11

copper and So11 propertles (T¿rbIe X). Slgnlflcant R2 values

were obtalned only when 2% NaTEDTA + 1.0 N NiÌ404c, 0.01 M

NaTEDTA + 1.0 M (nHU)rCoranO O'01 M NaTEDTA + 0.6T M(NH')rCorat

pH = 8.65 (t:Z) were usecl as extractants and both sol1 pH

and organlc matter content lnc1uded, as lndependent varlables.

Slnce 11ttle or no eorrelatlon exlsted between extractable

copper and eopper uptake by wheat,'lt Ls not surprlslng that

the lncluslon of solI pH and organlc matter contenü as lnde-

pendent varlables greatly lncreased the R2 values but d1d not

result ln slgnlflcant R2 values.

The relatlonshlps between ztnc content of flax and extract-

able so1l zlne plus so1} pH were usually slgnlflcant. The

relatlonshlps between zlnc content of flax and extractable

so11 zLnc, so1l pH, and sol} organlc rnatter were usually slgnl-

flcant at the 5% level (Table xI). Generally, 1t l'¡as found
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Table XI

Coefficients of Determination (n2) for Multiple Regression
ånalysis Between Soil pH' Organic l4atter Content, and
Extractable Zinc a¡rd the Zinc Content of Flax and lfheat

Flax _. _ Wheat "_ _pH, organi" pH, organic
pH and matter a¡d pH and matter and

extractabLe extractable extractable extractable
zLnc . zinc zrnc

Extractant (equalion l-) (equaJiorL ?) -(equatiorì 
l) 

-(eqr¿Alion 
2)

Conc. HNO, + 7!y'" HCIO¡

O.} N HCI

1Ø NazEDT.A.

zfr Na2EDTj. + 1.0 N

NH4OAõ at pH = l,O

1.0 M (NH4)rCO.+o.olM
NaTEDTA at..iH < 8.8

o,67:'4 (NH¿+) 
2co3+o 'olM

NaEDTA at pH =-8.65 (I¿2)

o,6?M (ruru)rco.+o,0]M
NaEDT.A, at'pfr ='8.65 (1:ro)

O.O0jilll DPTÂ+0. 0lM CaCl,
+0.1M TEA at pH o ?.O -

O.0OjiM DPTA+0.01M CaCl,
+O.LJìrl TEA at pH = ?,5

O.O05l'1 ÐPTA+O.01M CaCl"
+0.1M lEA at PH = 8.0-

O,00 jii'f DPTÂ+O .0IM CaOlo
+0.1M TEA at pll = 8.J '

o.89xx

o.8rx

O,?3

o.B8x

0.8?x

0. B6x

0 ,59.

o.gr)0(

o.g)Æ

0 . BB:o(

0 .88x

o . gox'

0 ,55

0.60

0.8?x

.

o.Bgx

0 .8ll

o,55

o. gox

ò.9t*

o. grx

O. BBX

o.?gx

o.?0x

o,:,

0,66

o.?ox

o.?Ix

o,69

0,67

o,67

o.ggxx

o .71x

o.B6x

O.BTX

0.80x

0. ?8x

o. gzx

o.8tlx

o. ggxx

o. ?8x

o.Box

o.g3xx

o. glx

x

xx

Significarrt at the Sy'" probabíliiy level.

Significant at the I% probability leveI.
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that solL pH when comblned wlth extractable zlne best predicted

the zhnc content of flax plants. The R2 values obtalned when

thls comblnatlon was used rvere slgnlflcantly larger than those

obtalned when only soll avallable zinc was used (Tab1e VIII).
)The R- values obtalned when so11 avallable zlnc, soll pH and soll

organlc matter content were used to predlct the zlnc content

of flax vüere generally lower than the R2 values obtalned when

solL avallable zlnc and solI pH were used. So11 avallable zlnc

as measured by the use of l% NaTEDTA or 0.01 M NaTEDTA + 0.6T M

(NHr,).,C0. at pH = 8.65 (t:tO) comblned r,¡lth so1I pH 1n a regres-.t¿J

slon equaËlon was not found to be slgnlflcantly correlated wlth

the zLnc content of f1ax.

The re1atlonshlps 'oetween zf-nc content of v¡heat and extrac-

table so1I zLnc, pH, and organlc matter content were found to be

signlflcant at the 5/, leve1 of probablllty (Table XI). A

greater percentage of the varlab1l1ty 1n the zlnc content

of wheat was accounted for by the use of all three lndependent

varlables than when only extracÍ able soll zlnc was used as

an lndependent varlable (fa¡Ie VIII). However, 1ü should be

noted that the ,2 value obtalned when DPTA (pH = 8.0) ex-

tractable zlnc was related to the zlrnc content of wheat, was

hlgher than the R2 val-ues obtalned when so1l pH, organlc

matter content, and extractants other than concentracted NHO3 +
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70fr HC1O4, 0..67 M (ÌUHU)2CO, + 0.01 M NaTEDTA (1:10) and

0.005 M DPTA + 0.01 M CaCl, + 0.1 M TEA at pH = 8.0 v.'ere used

to predlct the zlnc content of wheat. The use of all three

lndependent vanlables,. accounted for approxlnaüely 10% more

of the varlatlon 1n wheat zlne content than dld the use of
only soll pH and extractable zlnc.

The relatlonshlps between zrnc uptake by fiax and so11

extractable zLnc and pH were slgnlflcant only rvhen concentrated

HNo- + 70fr Hc1o4, 0.1 N HcI, t% NaTEDTA, 0.0r M NaTEDTA +
J

0.67 M (NH4)2CO, aË pH = 8.6¡ (1:2) and 0.005 trr DPTA + 0.01 M

CaCl, + 0.1 M TEA at pH=Z.! were used as extractants (tanle XII)
The relatlonshlps between ztnc uptake by flax and all three

lndependent varlables r^¡ere not slgnlfleant. The slgnlflcant
al

Ré values obtalned when soll pH and extractable zlnc were used.

to predlct the zf-nc uptake by flax were conslderably larger

than the slgnlflcant ,2 values obtained when only extractable

sol1 zlnc was used to pred,lct the uptake of zTne by wheat.

Therefore, an equatlon uslng soll pH and extractable so11 z:'ne
as lndependent varlables was found. to be'st predlct the zrnc ,up-

take by flax.

The relatlonshlps between z|nc uptake by wheat and so11

pH and extractable zLne were found to be h1ghly slgnlfleant
(taUte XII). The relatlonshlps between zlne uptake by wheat

and soll extractable ztne, pHrand organlc matter content were

all slgnlflcant. The R2 values obtalned when all three factors
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Table XII

Coefficients of Determination (n2) for Multiple Regression
máfysis Between Soil pH, grgqig t4atter Content' and
fitiäõt"Ule Zinc and the Zinc Uptahe of Flax and ltlheat.

Flax 'dheat

pH a¡td matter a¡rd PH and matter and
extractable extractable extractable extractable

zlnc zLnc zLnc

o,gzxx

o. B?x

0.86x

o. g6x

0.87x

o, Bgx

o. glxx

0.8?x

o. ggx

o.8gx

0.87x

x Signifieant
xx Significant

ion 2) (e

Conc. HNOS + 70% HC]'04

o.1 N HCI

1Ø NarEÐrA

2lß Na^EDTA' + 1'0 N

NH4oÀÉ at pH = ?,Q

1.0 M (NH4)2C03+o.olt{
Na2EDT.A. at PH = 8.8

o.6?M (NH,, ) 
"Co.+o.olMNaEDIA at"pf; J8,65 (r*-) 

.

o.6?Nt (llttr) 
"co.+ 

o.ollu
NaTEDTÂ "i ñn = 8.65 (t:ro¡

O'.OOjM DPTA+O. o1ir1 CaClp
+lM TEÀ at pH = l,O

O.0O5M DPTA+O.O1[1 CaCl^
+0.1M TE.A, at pH = 7,J ¿

0.0Ojil\'l DPT.å,+O. 01M CaCl.
+O.IM TEA at PH= 8.0 '
'0.005M 

DPI.å,+O. OtM CaCl;
+0.1[1 TEA at pH = 8.5 '

.,o.79

0.80

0.81

o.?g

0.80

0.81

o.80

0,79
' 

o.B3

0.80

O r?7

probabilitY leveI.
probability leveJ-.

o,?gx

0.83x

o.?*

0.78

O,?5

o. g5x

o.?4

0.7 5

o. ?9x

o.?6

o.77

t}.e 5%
Íne Lib

o.?9x

o.8L#
o.tg*

o.glxx

o.glxx

o.g8xx

0.80x

0.95:o(

o.g5xx

o . gg:o(

0.g5xx

^+
at
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were used as lndependent varlables were hlgher than those

obtalned when only so1l extractable zlne and pH were used.

Therefore, zlnc uptake of wheat was best predlcted by an equa-

tlon uslng so1l extractable zlnc, pH, and organlc matter content

as lndependent varlables.

The relatlonshlps between the copper and zlnc uptake and

content of flax and wheat, and soil extractable copper and zlnc

were improved when so1I pH was added along wlth extractable

soll- copper or zlnc as a second lndependent varlab1e. The rela-
tionshlps were further lmproved 1n some cases, when sol1 organle

matter content was added to soll pH and extractable copper or zlnc

AS*a third lndependent varÍable. However, as more lndependent

varlables were lnserted lnto the relatlonshlp, the effect of

extractable so1l copper or zlnc on the eoefflclents of deter-

mlnatlon decreased slnce the values for pH and organlc matter

content are constant for all so11s. ït ls advantageous to

obtaln the hlghest R2 values and yet use the lowest number of

lndependent varlables slnce the slgnlflcance of the relatlonshlp
decreases wlth lncreaslng number of variables. A1so, the use

of several varlables results ln havf-ng to do severaL laboratory

determlnatlons. Conslderlng the above dlsadvantages of uslng

several varlablesr lt may be best to use only soll extractable

copper or zLnc and so11 pH as crlteria for assesslng plant

avallable copper or zÍ-nc 1n so11, except 1n eases whereby

addltlon of the thlrd lndependent varlable (organlc matter

content) prod.uced slgnlflcant and conslderabl-y larger R2 values
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than were produced by a regresslon equatlon uslng soll pH

and extractable copper or zlnc.

B. Field Ex,periments

Small plot fleld experlments were lnltlated on three
solls ln southern Manltoba. The so1ls selected were the Plne

Rldge, AlmaslppLand Plum Rldge located near zhoda, Graysv1l1e,

and reul-on, respectlvery. These sol1s are descrlbed, in so11

reports numbers 5r 4, and lZ (ZB, 29r 9I). These solls r^rere

selected for study because of the low copper and/or z1,nc content

of."fIax and wheat grown on these so1ls in the greenhouse.

Noralta flax was used as a test crop and seedlng was per-
formed wlth a six-row double dlse type seeder wlth seven lnch

spacfng" Each treatment conslsted of an area of 3.j feet by

20 feet.

The experlment was deslgned as a spl1t prot experlment

wlth one set of plots treated wlth 15 tb ,ro5 (rr-55-g) arltte¿
ln wlth the seed. The other set of plots recelved no phosphate.

All plots i\rere treated wlth 100 lb of N/acre as 34-0-0.

A factorlal experlment, uslng NaTZnEDTA or NaTCuEDTA at
rates of 0.010.5, 1.0, 2.Orand 4.0 ppm Zn or Cu was conducted

on each spllt plot. The copper and zl.nc fertlllzers v¡ere drllled
ln wlth the seed" Each treatment was repllcated four tlmes.
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Emergence of flax on all plots except the check (no

copper or zlnc fertlllzer) was poor and no yleld measurements

were made. Germlnatlon and,/or emergence of the crop was re-
lated to the amounts of NarcuEDTA and NaTZnEDTA added. Both

NarcuEDTA and NaTZnEDTA reduced germlnatlon at the lowesü

rates applled and completely lnhlblted germlnation at hlgh
rates of appl1cat1on. Gernlnatlon and,/or emergence reductlons
appeared to be greatest on the sandy aeldlc soll (p1ne Rldge)

and lowest, but stlll substantlal, on the ealcareous sol1
(Plum Rldse).

rt would, therefore, appear that EDTA or copper anct zrne
lníir¡rt some processes essentlal to germlnatlon of fl¿,x seed.
rt 1s also posslble that flax may be more subJect üo seed
lnJury than other crops. Therefore, copper or z¡nc EDTA shor:rd
not be drll1ed ln wlth flax seed

A greenhouse experlment was conducted to d.etermlne:
1) the y1e1d of flax wlth and wlthout copper and zhne

fertlLlzers on four Manltoba solls.
2) the copper and zine content of plants and solls berow

whlch the pJ-ant may respond to appllcatlons of eopper or
z1,ne.

Four soils, Plne Rldge, stockton r, plum Rldgerand Alma-
slppl r, whlch had prevlousry been shown to have low amounts
of avallable copper and/or zrne (Table rv) were selected for
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study. A factorlal deslgn wlth rates of 0.0r 0.5, 1.0 and 2.0

ppm of zinc as NaTZnEDTA and 0.0, 0.5, and I.0 ppm of copper

as NaTCuEDTA was used on each so1I. Each treatment was repll-
cated three tlmes. The solIs were kept 1n blocks on the green-

house bench; the repllcates of each treatment were randomlzed

wlthln each block.

Two kllograms of solL were added to one-half gl-Ilon

glaz.ed poreelaln pots. One hundred ppm N as NHqNO3, 40 ppm

S as K2S04,40 ppm P as KH2Po4,and 200 ppm K as KCl, KH2PO¡{'

or K'SO4 were added to each pot ln a band one-half lnch below

the seed. The approprlate anounts of NaTCuEDTA and N%CuEDTA

'were also banded one-haIf lnch below the seed. Slxteen flax
seeds were sorïrn one-half lnch below the surface of the soll. and

the solls brought to fleld capaclty w1th delonlzed water. The

plants were thinreO to elght plants per pot after emergence.

The soll-s were kept at approxlmate f1eld capaclüy by addlng

delonlzed water when needed. The pots wlthln eaeh block were

perlodlcally rotated on the greenhouse bench to lnsure unl-form

llghtlng for eaeh pot. The plants were grovrn for elght weeks,

barvested, washed, drled, welghed, and analyzed for zI,nc,

copper, 1ron, and manganese.

1. Yle1d

Yleld of flax was slgnlfleantly lncreased by the appl1-

caölon of copper or copper plus zlnc to the Plne Rtdge sol1

except when 1.0 ppm copper plus 2.0 ppm zlnc was added (Table

XIII). An appllcatlon of 0.5 ppm copper resulted 1n a yleld
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lable XIII
Effects of .4.dded NarCuED?A and NaTZnEDTA on the Yield of Ftax (e/pot)l

Treatnent Soil
ppn Cu-opm Zn Pine Ridge Stockton I Plum Ridge Almasi,ppi I

0.0 0.0

Q.5 0.0

f.0 0.0

0.0 0.5

o.5 o,5

1.0 o.5

0.0 1.0

o.5 1.0

1.0 1.0

0.0 2,o

o,5 2,0

1.0 2,O

3,5? abed?

t+,?? etgh

þ.90 etgh

3.o5 a

4.46 def

J.14 efgh

3.42 abc

4,69 efg

5.65 h

),16 ab

4.74 efgh

4.1i5 de

3,L9 ab,c

J.0ì- ab

2.96 a

3,9? e

J.Jp bcde

J,82 e

3.117 abcde

J.66 cde

J,lZ cde

l.68 cde

),6J cde

1.20 abcd

J,00 abcde

2,97 abcd

2,9Q ab

2,93 abc

J,22 bcde

),21+ bcde

3,37 e"

3.13 abcde

3.Ì5 abcde

2,BI A

),211 bcde

3.09 abcde

5,45

5,25

5,67

5,Ot+

5.11

5,69

5,13

5.01

5,62

5.0]

5,117

5,ll9

N. S.

1

2

Yields are average of I replicates

Duncan's Multiple Range Test. Va1ues followed by the same letter
are not significantly different at the 5/" probability level.



68.

almost as hlgh as that obtalned wlth 1.0 ppm copper when zrnc

was not applled. However, 1n several lnstances ylelds obtalned
when both copper and zl,nc were applled were greater than those

obtalned when only copper was applled. An appllcatlon of 1.0

ppm copper pì.us 1.0 ppm zl:ne prod.uced the hlghest yleId. Thls

lnd.lcates that added. zlnc may have lncreased the physlotoglcal
effect of copper ln the flax plant slnce the zinc content of
the flax plants r"l adequate and no zrne deflcleney should

have been noted (Tabre xrv)(90). The yleld data obtalned on

the Plne Rldge sol1 showed that thls solr dld not supply ad.e-

quate quantltles of copper for the growth of fIax.

Ylerds of frax on the stockton r so1l were not slgnlfl-
cantly affected by the appllcatlon of zLne or copper (Tabre

xrrr). However, copper applled at ühe r.0 ppm leve1 sIlghtly
lncreased the ylerd of flax at aIl revels of applf-ed zrnc.
ztnc applled alone s1lghËly depressed the yleld of flax. These

results lndlcate that the Stockton r so1I may be Just adequate

to meet the copper requlrement of flax.

Ylelds of flax decreased sl1ghtly when copper was applled
wlthout zrnc to a Plum Ridge so1I (taute xrrr). Appllcatlon of
0.5 ppm zrnc wlthout copper slgnlflcantly lncreased the y1eld

of flax above that of the check yle1d. Apprlcatlons of 1.0

and 2.0 ppm zrne wlthout copper lncreased frax ylelds a.bove

that of the check treatment but the yleld lncreases were not

slgnlflcant. Appllcatlons of eopper d1d not slgnlflcantly
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affect yle1ds. Slnce the appllcatlon of 0.5 ppm zlnc slgnl-

flcantly lncreased ylelds, the PIum Rldge so1l can be classed

as ztnc deflclent.

Yfelds of flax on the Almaslppl I solI v¡ere not s1gn1-

flcantly Lncreased by the appllcatlon of copper or zlnc (Table

XIII). Applled zLne wlthout copper lncreased yleld sllghtly
when 1.0 ppm zlnc was added but sllghtly decreased yle1ds

when 2"0 ppm zlnc $Ias added. Applled copper wlthout ztnc

decreased ylelds sllghtly. From the data, 1t would appear

that the Almaslppl soll supplLed adequate amounts of copper

for the growth of f1ax. Thu supply of zlnc ln the so1l ap-

peared to be Just adequate to meet the zLnc requlrements of

f l-ax.

It was esbabllshed earller that Na"DP and DPTA (pH = 8.0)

would be good extractants to use 1n assesslng copper and z:tnc

avallabll1ty ln solls (Table VIII). Slnce ylelds on the Plne

Rldge so1I were lncreased when copper was applled and the

solL contalned 0.1 ppm NarDP extractable copper; sol1s contain-

lng .0.1 ppm NarDP extractable copper could be cl-asslfled as

copper deflclent. The Stockton soll contalned Just adequate

copper to meet the copper requlrements of flax. Sol1s con-

talnlng less than 1.3 ppm NarDP extractable copper. may be

suspect of belng copper deflclent.

Ylelds of flax were lnereased by the appllcatlon of zLnc
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to the Plum Ridge soil-, thus, soils with a DPTA (pH=8.0)

extractabl-e zinc content of 0,8 or lower could be classified.
as being zinc deficient. The .A.lmasippi r soil- may be consid-

ered to slightly zinc deficient. thus, soils with DPIA

(p]{=8,0) extractabl-e zinc contents of l-ess than I.3 ppm

may be suspect of being zj-nc d.eficient.

2. Copper arrd Zinc- Content of Plarrts

Applieations of copper usually increased the copper

content of f]ax plants (fabte XIV) . Application of copper

to a soil- usuaÌly reduced the amount of zínc utiLized by

fl-ax. Applications of zinc usualiy increased the zine

content of fl-ax, The copper content of flax was usually
redu.ced when zinc was added. to the soi-l-,

Fl-ax grolrn without added copper or zinc on the pine

Ridge soil- contaíned 2,0 pprû copper (taUte XIV) and respond.ed.

signif icantry to the application of Na2cuEDT.A. (Table xrrl) ,

FLax plants grown on the stockton r soil were found to re-
spond very slightly to appJ-ications of NarcuEDTA and con-

tained 2,7 ppm copper vrhen not fertil-ized with trace elements.
From this data it can be posturated that eight week ol_d.

flax prants with copper contents l-oler than about 3.0 ppm

may be suspected of being copper deficient and flax plants
with copper contents l-ower than z,e ppm vrould be copper de-

ficíent 
"

The yield of flax contai-ning B,f ppm zinc (taute xrv)
and grown on the Pl-um Ridge soil was increased significarrtly
when NaTZnEDTA was applied (Table xrrr), Flax plants grown
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Effect of Added
Copper arrd Zinc

Table XIV

Copper and Zinc on the
Content of Flax.

Treatment
Cu Znppm ppm

Hrne K].qge
Cq Zn

(ppm) (ppm)

Stockton ICu Zn
(ppm) (ppn)

Alnasippi t
Cu Zn
(ppm) (ppm)

Plum Ridge
Cu Zn
(ppm) (ppm)

0.0

O,5

1.0

0.0

O,5

1.0

0.0

o.5

1.0

o.0

o.5

1.0

0.0

0.0

0.0

O,5

o,5

0,5

1.0

1.0

1.0

2,O

2,O

2,O

2.7

3,2

3,2

2,3

2,8

4.0

2,?

3.0

3,5

2,8

2.8

3,3

39,2

35,O

33,3

36,?

35.8

33,3

37 ,5

36,7

3l+,2

40.8

ll1.6

33,3.

'5,8

?,5

7,8

5.3

8,3

7,5

6.3

6,3

8,?

5,3

6.0

8.0

13,3

TL,?

10.8

12.8

15.8

r4.2

18.3

20,o

20,o

25,8

?,8,3

25,O

2,0 37 ,5

3.0 28,3

4.8 25,8

2.? 58,3

3.0 31.0

3.2 30.8

L,? 55,8

2,3 36,?

2,8 29,2

l,? 6t+,2

2,3 t+5,O

3,0 37,5

6,0 8.2

7 ,? 10.8

8.2 8,3

6, j t3,3

?,2 .10.0

8. 3 ]0.0

6,2 Ll ,?

?.6 L6.?

?.2 .t7,3
5,7 2,o

5,3

6,3 18.3
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on the Almaslppl I soll contalned 13.3 ppm zlnc and respond.ed

onry very sllghtly to applled zrnc. Therefore, elght week ord

flax plants wlth zrnc contents l-ess than about 13.3 ppm may

be sllghtly zlnc deflclent and flax plants wlth zlnc contents
Less than about B. ? ppm would be zlnc deflclent.

D. So1ubllltLes of Co er and ZLnc Co ounds 1n Two

Manltoba So1ls

NarcuEDTA and NaTZnEDTA 1nh1blted the germlnatlon of flax
ln the f1eld experlments. Also, the cosü of chel-ated. fertlllzers
ls extremely hlgh. Therefore, stud.les were lnltlated to deter-
mlne the sultab111ty of several zrnc and copper compounds as

fertlllzers. The compounds were added. to the soll and, the
concentratlons of copper and zlrne 1n the soll extracts measured.

at lnterval-s over a slx-v¡eek perlod. rt was assumed that if
the compound lncreased the coneentratlons of zrn- or copper

1n the ,so1l solutlon 1t would also lncrease the amount of zlne
or copper avallable to plants and, thus, act as a fertlrlzer.
T¡vo solls, Stoekton I (non-calcar€ous) and plum Rldge (cal-
careous) were selected for study. These so1ls were selected
because of thelr slmllar texture, catlon exchange capaclty,
organlc matter eonteni, and dlffering pH and earbonate content
(Table Xu).

The copper and zj-ne compounds selected, for study lncluded
solubre lnorganlc saIts, ehelated cornpounds, and sparlngry
soLuble sa1ts. cuso4, Znso4, NarcuEDTA, NaTZnEDTA, cuo, cus,
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cur(Po4) 2.3ïzo, CurpreT, Zne ZnS, ZnNHUpOU , Zn3(poq)r.luro ,

and ZnPrO, were selected for study.

rt has been shown that copper and zlnc EDTA are about
flve to ten tlmes more avalrable to plants than other 1n-
organlc sources of copper or zlnc (35, I01, 13I, 132). Cal_
culatlons lndlcated that the concentratlon of copper or zrne
ln a fertlllzer band would be approxfunately 40 ppm copper or
zlne when applled at 4 Lb/acre copper or zl.ne to erops grown

wlth 7 lnch spaclng between rows. Therefore, NarcuEDTA and
NatznEDTA were applled. at a rate of 4o ppm copper or zrne.
Slnce lnorganle salts have been shown to be about 10 tlmes less

- effeetlve than chelates, the lrrorganlc salts v¡ere applied at
a rate of 400 ppn copper or z1nc. The soluble forms of copper
and zinc were applled to the solL as a solutlon, Ten grams

of so1I weretreated and stored ln a plastlc incubatLon tube.
The sparlngly soluble salts v¡ere flnely ground and mlxed wlth
50 g of so11. The 50 g of solI plus the lncorporated sparlngly
soluble salt r*ere then mlxed wlth 1950 g of soll resultlng ln a

so1I contalnlng 400 ppm of copper or zlnc. Ten gram portions
of the above so1l vùere then placed 1n the lncubatlon tubes.
The solls were lncubated for 1.5, 3, Tr 14, Zlr 3f, and IZ
days at 20o c and fleld capaclty molsture content. The samples
were then shaken for one hour wlth 50 ml delonlzed water,
flltered,and the copper and z1-nc content of the soll extracts
determlned.

so1l treated wlth NarcuEDTA or NarZn EDTA and lncubated
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over a slx week perlod, contalned more water extractable copper

or z1nc than so1ls treated wlth the other copper and zlnc

compounds (Tables )fl¡I and XVïI). The calcareous Plum Rldge

sol1 treated wlth NarCu EDTA or NaTZnEDTA contalned two to
three tlmes more water extractable eopper ep zlne than the

slm1lar11y treateid Stockton I soll. This maybe due to a

rapid replacement of copper and zlnc by lron on the EDTA

complex ln the Stockton I soll (Appendlx 2BA) and a slow

replacement of eopper and zine by ealclum on the EDTA complex

ln the calcarêous PIum Rldge so1l (q6, 80).

The amounts of water soluble copper extracted from the

treated so1ls were larger than the amounts of water soluble

copper'extracted from the untreated so1ls (TabIe XVI)" The

amounts of water soluble copper extracted from Stockton I and

Plum Rldge solls treated wlth CuSO4, CuO r CurPrO 7t or CuS

were all approxlmately equal and only sllght1y hlgher than

for the untreated soil. Other workers (tB, 66, 109) have

found CuSO4, CuO, and CvrPrOTto be afunost equaì ln thelr ab11lty

to supply copper plants.

So1ls treated wlth eopper phosphate were found to contaln

approxfunately 20 to 3O tlmes more water extractable copper than

the solls treated wlth copper sulphate. The calcareous Plum

Rldge sol1 eontalned sllght1y less extractable copper than

the acld Stockton I so1l when treated wlth 400 ppm copper

as Cur(PO4)Z. 3HZO. The Stockton I solI treated wlth 40

ppm copper as NaTCuEDTA. and lncubated for 1.5 days con-
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Table XVI

Copper

Extracted from Solls Treated wlth Varlous Compound.s- and Incubatedfor varlous Perlods of rlme (values Expressed as ppm-so1l Basls ).

Stockton

ncubation time
Amount

Treatmcnt Applied
(þþm cu) 1å 14 27 31 42

Contro].

NarCuEDT.A.

CuS04

CuO

Cu3 (Po¡n) 
z

curP roT
CUS

4o

t+oo

400

400

400

4oo

O,2

31.0

0.3

0,I
7,9

0,2

o,2

0"1

22,8

0,2

0.I
4,9

0.1

o,2

0.05

11.0

0"1

0.1.

2,L

0 .1_

0.1

0,I
2,3

0.2

0.1

0.8

0.I
0,2

0.05

4,5

0,1

0,2

L,2

0.r
0.1

0 0.05 0.05

g,B 3,5

0.1 0.ll

0.1_ 0,2

2,3 3,1+

0.I o.2

o,3 0,2

PIum Ridee

Control

NaTCuEDTA

CuS04

Cu0

cu3 (Po4) 
z

CUZP 
ZA?

CUS

40

¿loo

lloo

4oo

4oo

4oo

o. ol
22 ,3

0, r+

0.05

2,3

o,2

0,1

0,05 0.05 0"05 0.05

16,0 L2,5 l_0.o 10.3

0.4 0,2 0.2 0,3

0,I 0: f 0,05 0,1

2,0 l'9 2r3 1.8

o,2 0.1 0.1 0.1

0.1 0,1 0.05 0.1

0,05 Q ,2

9,5 8,5

o"2 o,5

0 ,3 0.1

3,lI 0 "4
o ,2 0.1

0.1 0. L
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Extracted from Soils
trncubated for VariousSoiI Basis),

Table XVII

Zinc

Treated with Various Zinc
Periods of Time (Values

Ccmpounds and
Expressed as ppm-

- 
_ Stockton

Ineubation time
AmountTreatment 4pplíea. 1å 3 ? 14 21 3L r+2(ppm zn) -

Control

NaTZnEDTA

ZnS04

ZnO

Zn2PrO,

ZnS

0 0,r+

4o 32,5

0,4 o,2 O,2 o,3 0,1 0,2
26 ,? 15. B ? .B 6, 5 5,8 5,8
o.lt 0,3 O.3 0.¿+ 0,2 0.,t+

2,O o,7 o,? 1.6 L,4 0,3
o.B 1.0 L,5 I.g r,6 3,1+

. o,3 0,3 o.B 0,6 o,z l_.4

0.ll 0,3' O,5 1.1_ o,? o,2
11,6 3,8 9,6 4.1 4,4 r.1

ZnNH4P04 I*00

zn3ÞoQ 2 &00

4oo

4oo

40o

4oo

1.4

O,9

0.8

0,3

0,5

10.3

Control-

NaTZnEDTA

ZnS04

ZnO

ZnNHUPOU

zn3Þ04) 2

Z^ZP 
ZO ?

ZnS

PIum RidEe

0.05 0.1 o ,2

32,8 25,3 24,5

0.L .o.l 0.1

o.9 0.6 0,3

o,3 0.3- O,2

o.2 0.1 0.2

o.2 O,3 O,2

7 ,5 L,g !,5

o,3 0,0 o,3

18.3 23 2I,3
0.1 0.1_ 0,1

0.5 o. B 0.6
o.l+ 0.3 o,u

0.3 .2 o,2

Q,3 0,3 0.1

5,5 0,5 I+..1

0

.40

4oo

lloo

4oo

l+oo

tloo

4oo

0.0.

32,8

'- 0.2

0,7

0.2

o,2

o,2

5,6
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talned about 100 tlmes more water soruble copper than when

treated wlth 400 ppm copper as cuso4. However, when the samples

were lncubated fon 4.5 weeks, samples treated wlth NaTCuEDTA

contalned only about zo tlnes more water extractable copper
than samples treated wlth l{00 ppn copper as cuso4. The caL-
careous Plum Rldge soll treated wlth 40 ppm eopper as NarcuEDTA

confalned approxlmately 40 tlmes more water soruble copper
than when treated wlth 4oo ppm copper as cuso4. Thls appeared

not fo change wlth tlme of lncubatlon.

rt would appear that of the copper compounds studied
other than NarcuEDTA, copper phosphate (cur(po4)2.3H2o)

would make an excellent copper fertlllzer. The amounts of
copper supplled to the soil soLution by the compound were

relatlvely hleh and malntalned throughout the duratlon of
the experlment.

Lower concentratlons of water extractable
1n the calcareous solI than ln the acld so1l
equal amount of inorganlc zlnc compound.

zlnc were found

treated wlth an

The concentratlons of zrnc extractecl from both soLrs
treated wlth any zrnc compound were usually greater than
those found for the untreated so1Is (Table XVII). The pl_um

Rldge so1I , üreated wlth zn=(po4 ) ,- rttro, Znso4, or znzpzol
contalned about equal quantitles of water extractable zLnc.
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zno and znNHuPou appear to be better zrnc sources than

znsou when applled to the stockton r solr. These two com-

pounds were about twlce as effectlve as znso4 Ln lncreaslng
the water solubre zrne content of the stoekton r so1r. The

Plum Rldge soll treated wlth zno also. eontalned more water
extraetable zLnc than when treated wlth ZnSO4.

The stockton r and plum Rldge solrs treated wlth Zns

contalned approxlmately z0 fold more water extractable zlnc
than when the solls were treated with znso4. However, the
Stockton I so1l treated wlth 4O ppm zlnc as Na-ZnEDTA contalned.

É.

approllmately 5 ford more water extracbable zLnc than the
same soLl treated wlth 400 ppm ztnc as zns throughout the ln-
cubatlon perlod, The calcareous Plum Rldge so11 treated wlth
40 ppm zlnc as NaTZnEDTA contalned. about 15 tlmes more extract-
able zTnc than the same so1l treated wlth 400 pprn Zns.

several of the lnorganlc zlnc compounds ln addltlon to
NaTZnEDTA, wóuld be useful as zrne fertlllzers. zns would be

a good zl.nc fertlllzer as lt lncreased the z1-nc concentratlons
1n both so11s;ZnO and ZnNH4pOU also warrant attentlon as

sources of zlnc for plantr:.
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SUIqMARY AND CONCLUSTONS

Some Manltoba solls have prevlously been shown to be

copper and/or zlnc deflclent. Thus, methods of predlctlng de-

flclencles of copper and/or zLne ln Manltoba solls were studled.

Also, several copper and zrnc eompounds were eval-uated as fer-
tlIlzers and the amounts of copper and zrnc requlred by flax
studled.

A study was conducted uslng 14 solls 1n order to deter-
mlne the effect of so1l textureo pH, carbonate eontent, and

organlc matter content on the avallabil1ty of soll copper

and zlnc to flax and wheat. The copper content of flax
and wheat grolrn on flne text,ured so11s was generally hlgher

than the copper eontent of plants grovrn on eoarse textured
so1ls. The zlnc content of flax and wheat growu on coarse

textured so1ls was generally hlgher than the zj:nc content

of plant: grown on flne textured so1Is. The copper content

of flax lncreased wlth lncreases 1n so1l pH, carbonate

content, and organlc matter content. There were no slgnl-
flcant relatlonships between the copper content of
v¡heat and so1] pH, carbonate content, or organlc matter

content. The zLne content of flax was negatlvely and slgnl-
flcantry related to soll carbonate content or organlc matter

content. The zlnc content of wheat was slgnlflcantIy and

lnversely related to solì- pH, carbonate content, and organlc
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matter content. The data lndlcated that wheat and flax
may dlffer ln thelr abl11tles to utlIlze natlve so1I copper

and zLnc. Thus, results obtalned uslng one crop would not

be appllcable to other crops.

DPTA at pH = 8.0 was found to be one of the best

extractants to use to assess the zLnc status of Manltoba

soils. Elghty-four percent of varlatlons 1n plant zIni,

content for both flax and wheat could be accounted for by

varlatlons 1n DPTA at pH = B.O extnaetable soll zlne. Zlnc

extracted by DPTA at pH = 8.0 was also closely related to
plant zLne. uptake of wheat and flax (12=0.17 and 0.60 res-
pectlvely). None of the extractants studled were adequately

related. to the content or uptake of coppcr by wheat. NarDP

r'i¡as founc. to be the best extractant to use to assess the

copper status of Manltoba solls when flax i,;as €lrown. An
)?- value of 0. fJ was obtalned when NarDP extractable copper

was related to the copper content of flax. An 12 value of
0. pJ was obtalned when NarDP extraetable copper was related

to copper uptake by flax.

The relatlonshlps betv,¡een the copper and zLnc uptake and

content of flax and wheat, and so11 extractable copper and

zlnc were lmproved when sol1 pH was added along wlth extract-
able so1l eopper or zlnc as a second lndependent varlable.
The relatlonshlps t{ere further lmproved ln ,some cases, when

so1l organlc matter content was added to so1I pH, and extract-
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able copper or zlnc as a thlrd lndependent varlable. There

are several dlsadvantages to uslng several varlables 1n mu1-

f1pIe regresslon analysls. Therefore, lt may be best to
use only sol1 pH and extraetable copper or zl.nc as lndepen-

dent varlables except ln cases whereby addltlon of organlc

matter content r: a thlrd lndependent varlable produced

slgnlflcant and conslderably larger R2 values than were pro-

duced by a regresslon equatlon uslng so11 pH and extractable

copper or zi-nc as lndependent varlables.

In'f1eld trials NaTCuEDTA and NaTZnEDTA lnhlblted
germlnatlon of flax when applled at rates of 0.5 to 4.0

ppm copper or zlnc. Therefore r NaTCuEDTA and NaTZnEDTA

shoulcl not be banded wlth f-];,.x seeds

Greenhouse studles were conducted 1n order to deter-

mlne the effeets of applled copper and zine on the yleld
and the copper and zlnc content of flax grown on Plne

R1dge, Stockton I, Plun Rldge, ând Almaslppl I so1ls. The

Plne Rldge so1l dld not supply adequate quantltles of

eopper for the growth of flax plants. The Stockton I soll
was found to supply quantltles of copper whlch were Just

adequate to meet the copper requlrements of flax. The Plum

Rldge solI d1d not supply adequate quantltles of zLnc for the

growth of fl-ax whlle the A1maslppl I so1l was found üo supply

quantltles of zLnc rqhlch were barely adequate to meet the

zlnc requlrements of flax.
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So1ls contalnlng less than 1.3 ppm NarDP extraetable
copper may be suspeeted of belng copper deflclent; a so11

contalnlng 0.1 ppm NarDP extractable copper was found to
be severely copper deflclent. solls contalnlng less than

1.3 ppm DPTA (pH = 8.0) extractable zinc nay be suspected

of belng zÍnc deflclent; solI contalnlng 0.8 ppm DpTA

(pH = 8.0) extractable zinc was found to be moderately zlnc
deflclent.

Elght week o1d flax plants eontalnlng l_ess than 3.0
ppm copper may be suspected of belng copper deflclent wh11e

frax prants contalnlng z.o ppm copper are severely deflclent.
Elght week o1d frax plants contalnlng less than 13 ppm zlnc
may be suspected of belng zine deflclent whlle flax prants

contalnlng 9.0 ppm zlnc are moderately zlne deflclent.

rncubatlon studles were conducted 1n order to evaluaüe

varlous copper and zLnc compounds as copper or zLnc fertlrl-
zers. The compounds studled were NarcuEDTA, cuo, cus, curproT,
Cur(PO4) 2'3HZO, CuSO4, NaTZnEDTA, ZnO, ZnS, ZnZpZOT, Zn3(pO4)A.

4H2or ZnNH4Pou and znsou. The amounts of copper or zLnc

extracted by water from a soll treated w1t,h copper or zrne

vrere used as crlterla for assesslng the effectlveness of the

compounds as suppllers of copper or zrnc to a p1ant. NarcuEDTA

and NarznEDTA proved to be the best sourees of water extract-
abre copper and zínc, respectlvely. Both NarcuEDTA and NaTZnEDTA
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were more soluble 1n calcareous so11s than 1n noncalcareous

so1ls. Thls was due to the more rapld replacement of copper or
zlnc by lron on the EDTA complex 1n Stockton so1l as compared

to the slower replacenent of copper or zrne by calclum on the
calcareous Plum Rldge so11. All the lnorganlc zrnc compounds

supplled about t''¡¡lce as rnuch water extractable zLne on the
noncalcareous so1I as on the calcareous soll. calelum car-
bonate content of the soll dld not affect the copper supply-
lng povrer of the lnorganlc copper compounds. copper phosphate
(cu3(eoU)t'3uro) appeared to be the best inorganic copper fertil-izer.
of ühe lnorganle compounds studled. , zrne sulphld,e (Zns) ap-
peared to be the best. zinc fert1llzer. zrnc oxlde (zno)

and zrnc ammcnlunr phosphatt' (znNH4po4) also warrented atten-
tlon as zTnc fert1I1zers.

The studj es reported 1n thls manuscrlpt lndlcate that
some Manltoba so11s do not supply sufflclent quantltles
of zTne and/or eopper for bhe growth of crops such as

flax. copper deflclencles appear to exlst malnly on acldle
very sandy soll-s, whereas zrnc deflelencles appeared to
occur on carbonated. solls. studles showed that the copper

and zLnc status of these so1ls can be assessed by the use

of so1l or plant analysls.
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Table 14. Iron and Manganese Content of Flax and Wheat.

Tarno
Lakeland
Balmoral
Plu¡n Rldge
Almaslppl I
Almaslppl 2

Berlo
Red Rlver
Newdale
WeLlwood

Altona
Stockton 1

Stoclcton 2

Plne Rldge

63

64

74

TO

97

56

68

7r
69

78

86

80

63

8r

160

t92
67

73
t56
178

62

55

100

102

93
8o

160

167

47

64

39

50
40

83

40

39

53
45

50
47

4T

4B

25

6B

33

23

3B

63

18

15

65

45

37

73

2B

83



Table 2A,. Relatlonshlp Between
Content r oP So11 Organlc Matter
Zínc Content of FIax or Wheat.

100.

So11 pH, So11 Carbonate
Content and the Copper or

Regresslon Equatlon F 12

F.C.=
F.C.=
F.C.=
W.C.=

W.C.=
W.C.=
F.Z.=
F.Z.=
F.Z.=
IrI. Z. =
W.Z.=
W .2.=

20.25
5.62
6. 4o

118. 41

B.T3
20.07

120. 30

28.64
1.38

l-74.57
25 .52
2.13

6 .2rx2
o. 6lx3
0.68X4

34.41x2
o. 67x3
4. B0X4

lJ. 41X2

3, Fox3
11. 38x4
6z .83x,

1. 79X3

11. 55X4

o.59xz2 
^0.023xq'

o.14xrz
2 .2sx;2
o.035x32
o. 45x42

4 .6txr2
o. r4xl2
t. ZZXiU2

4.BBxr2
o. o65ir2
1. 17X4¿

5.33
5.98

LT.36
1. 30

0.94
3.76
4. 88

2.55
1. 42

7 .5t
5 .82
6.72

o. 5zx
0. 55x
0.78xx
0.25
0. 19

0. 48

0 .52x
0. 36

0. 24

0.5Bxx
0. 51x
0.55x

+

+

+

+

+

+

+

+

+

+

+

+

+

F.C.= Copper content of flax
ü1.C.= Copper content of l¡heat
F.Z.= Zl-nc content of flax
W.Z.= Zlnc content of vlheat

X2= So11 pH

X3= Soi-I carbonate content
Xtr= SolI organlc matter' content

x= Slgnlflcant at the 5% level of
probablllty

xx= Slgnlflcant aþ the l% 1evel of
probablllty

The F value is used as a measure of the significance of
a rel-ationship. It is the ratio of the varj-arice due to
regression to the variance due to error. The F value
required. for a significant refationship to exist varies
with the size of the sample and with the number of para-
meters used in the regression equation.
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Table 34. Relatlonsi:1p Between Extractable So11 Copper

and the Copper Content of Flax.

Extractant Regresslon Equatl-on F

Conc. HNO3 + 70ll'HC104

0.l_ N Hc1

1Í Nâ.2EDTA

2% NaTEDTA + 1.0 N

NH4OAõ at PH = 7.0
.0.01 M NarDP + '1.0 N

NH4OAe at pH = 7.0
1.0 M (NH,, ),,C0.+0.01 M

NaTEDTA aë 'pHJ = 7.8

0.67 M (liHx ) rc0.+0. 01M
Na2EDTA at' ñtr s 8.çj
o.67 M (NH4 ) rCOr+0. áil"
NarEDrA at pH = U.??:10)

Y=4. 05+0. 34X1-0. 0o4gxr2

Y=11. 7B-17. 76Xr+rZ .76Xt
y=5. 68+0. 81x1-0. 49x12

y=3. 08+5. 32x1-1. 14x12

Y=3. gg+2. 28X1-0 . 22X12

Y=2 . 25+\. 25X1-O .55X12

y=2 . 7 3+3. 66xt-o . q6xL2

y=3. oB+1. 95xl-o . 15x12

Y=3. 03+7. 07X1-1. B0Xr2

y=3. 22+6. 94xI-1. ZBX12

Y=3. 17+6. 7?XI-1 .6gLt2

Y=3. 6o+7. t5x1-2 . ozxLz

0.005M DPTA+o.0lM

+0.1M TEA at pH =

0.005M DPTA+0.0lM
+0.1M TEA at pH =

0.005M DPTA+o.01M
+0.1M TEA at pH =

0.005M DPTA+0.0IM
+0.1M TEA at pH =

CaC:-.,

7.0

CaCl^
7,5 I

CaCJ-,
8.0

CaCl^
8.5 '

6.97

1. OB

0. 89

4.18

r\.77

g. 86

11. 32

5 .36

10.99

g.69

8.76

g. 6g

0.58x

0. 18

0.15

0. 45

0. 75xx

o. 66xx

0.6gxx

o. 52xx

0.69x*

0.66xx

0.64xx

0.63**

f = Copper content of flax
XI= Extractable so11 copper
x Slgnlflcant at the 5% level
xx Slgnlflcant at the l% level

of probablllty
of probablllty
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Table 44. Relatlonshlp Between Extractable Solt Copper and
the Copper Content of Wheat.

Extractant Regresslon Equatlon F o2

Conc. Hl'ï03

0.1 N HC1

+ 70% Hclo4

L% NaTEDTA

2% NaTEDTA+1.0 N NH4OAc
at pH¿=/.0

0.01 M NarDP + 1.0 N

NH4OAc at pH = 7.0

1.0 M (t'lHu)rc0.+0.0lM
NaTEDTA at þH ¿ B.B

0.67M (nHU)rCOr+0.01M
NarEDrA aE pH = ?igâl

0.67M (NH¡)rCO.+0.01M
Na2EDrA ad ñH = 9.65

(1:10)

O.OO5M ÐPTA+O.OlM CaCT,
o.lM TEA at pH = 7.0

0.005I{ DPTA+O. 01M CaCI,
+0.1M TEA at pH = 7 .5

0.005M DPTA+O.0lM CaCl^
+0.1M TEA at pH = 8.0 ¿

0.005M DPTA+O. 0IM CaC1",
+0. lM TEA at pH = 8. 5 ¿'

y=9. 8r-0. 055x1+0. oo23xr2

Y=12. 23-10. 55Xt+7. 84xr2

Y=g. 4B-0. 0008txr+0. 10x12

Y=g. g1-0.6gxr+0 .27x.

Y=9. 6r-o. r6x1+o . u5xt2

Y=9 . 72-0. 27X1+0 . o B4xr2

Y=9 . 30+0.11X1+0 .025x.t2

y=9. Bz-0. 24x+0. o43xr2

y=9. B0-0. T6XI+0. 43Xr2

y=9. 65-0. I6xr+o . 3zxr2

f = 10.10_1.33X1+0 .5g:-

Y=10. 14-1. 6BXI+O. B3Xf2

0.02 0.01

0.14 0.03

0.08 0.02

0.05 0.01

0.06 0.02

0.08 0.02

0.06 0.02

0.07 0.02

0.06 0.02

0.05 0.01

0.09 0.02

0 ¡ 10 0.02

Y = Copper content of wheat
Xr =Extractaþle so11 eopper

l_
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Table 54. Relatlonshlp Between Extractable So11 Copper
and the Copper Uptake by FIax.

Extractant Regresslon Equatlon F *2

Conc. HN03 + 70fr HC1O4

0.1 N HCl

I% NaTEDTA

Y=10. 0g+0. 0043x1+0 .022x!2

Y=25 . 7,1-53. 05X1+47. 73Xr

Y=10. 5?+1 " 27X1+0. 046Xr2

y=T .TT +U. 63x1+o . 65xtz

y=9 . 06+I . 96x1+0 . 18xr2

y=5 : 7 6+5. 63Xr-0. rZXr2

Y=7 .11+3. BBXr+0. 11X12

Y=8. o4+1. 49xr+0. r6xr2

Y=8. 01+5. ggxr+r, 2!xL2

y=T .83+6. 84Xr+0. 89Xr2

y=7. z8+7. 65xr+o . 53xt2

y=8 . 35+6. 9 ZXt+l. r5xf2

32.56 O. BTxx

7. r3 O.5gx

9. 84 o.66xx

u.50 o.7gxx

6r.82 o.93xx

25.05 o. g3xx

27.39 o. 85"*

2% Na^EDTA
NH*OAá at

+ 1.0 N
pH = 7.0

0.01 M NarDP + 1.0 N
NH4OAc aü-pH = 7.0

1.0 M (NHq)rCOr+0.01M

NaTEDTA at pH = 8.8

0.67M
NaTEDT

(NHA)rCO.+0"0lM
A at FH = rlúj

0.67M (NHt)rco.+0.0LM
Narrota ati FH : 8.65

(1:10)

0. 005M DPTA+0.0lM CaClr+
0.1M TEA at pH = 7.0

0. 005M DPTA+O.01M C,a1l2tr

ô,itq IEA at pH = T.j

0.005M DPTA+O.0lM CaC1",
+0. lM TEA at pH = B. O ¿'

0.005M DPTA+0.0lM CaCI,
+0. ltiI TEA at pH = B. 5

22.L0

48.09

48.68

49. B8

43.32

o. B2xx

0. glxx

0. gIxx

0. gIxx

0. goxx

Y = Copper uptake by flax
Xl = Extraetable so11 copper
x - Slgnlflcant at 5% level
xx Slgnlflcant at I% level

of probablllty
of probabltlty
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Table 6n. Relatlonshlp Between Extractable So1] Copper
and the Copper Uptake by Wheat.

Extractant Regresslon Equatlon F *2

Conc. HNO3 +

0.1 N HCI

t% NaTEDTA

2% NaTEDTA +

NHUOAe at pH

0.01 M NarDP

NH4OAe at pH

70% HClo4

1.0 N

= 7.0

+ 1.0 N

= 7.0

1.0 M (tilH,)rCO.+0. 0lM
NaTEDTA aË FH ! B.B

0, 67M (Uit, ) rco.+9. 0lM
NaTEDTA ad iH : 8.65

(1:2)

0.67M (NH4)rCOr+0.0lM
NaTEDTA at pH = 8.65

(r:ro)

0. 005M DPTA+0. 01M CaC:.,
+0.1M TEA at pH = 7.0

0.0051vi DPTA+O. 01M CaCl^
+0.1M TEA at pH = 7.5 ¿

0.005M DPTA+0.0lM CaCl.
+0.1lvÏ TEA at pH = 8.0 ¿

0.005M DPTA+0.0IM CaCl^
+0.1M TEA at pH = 8.5 I

y=29. 16-0. 66xr+0. 028x12

Y=30 . 25-20. 38X1+23. l1XI

Y=25. 31+0. 44Xr+0. O73Xr2

Y=Zg .32-6 .5g:Xf 2 . gZXrz

y=28 .U6-2.65Xr+O . |BXIZ

y=31 .gT-5. 8zxr1. 3oxr2

Y=2 8. 59-3 . 09x1+0 . g2Xa2

Y=30. 11-2. 9 3X1+0. I{ 8X12

Y=29 . Bg-g. 37xr+4 . 9oxr2

Y=28 . gI-7. 67Xr+4 . 3g:Xa2

Y=29. ?1-8. 83xr+4. 6oxr2

Y=2g. Bl--10 .62X:f 6. Ogxr

0.58 o. 13

1. 13 0 .22

1.27 0.2\

1.15 0.22

0. gB 0.20

1.37 t,25

1. 07 0.21

1.16 0.22

1.03 0.20

0 .99 0.20

r.t2 0.22

1. 17 0.23

Y = Copper uptake of wheat
Xr= Extractaþle solL copper
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Table TA, Relatlonshlp Betv¡een ExtractabÌe soir zrnc
and the ZInc Content of Flax.

Extractant Regresslon Equatlon rF

Conc. HNO3 + 70% HCIO'

0.1 N HCl

I% NaTEDTA

2% NaTEDTA + 1.0 N
NH4OAõ at pH = 7.0

1.0 M (ttUU)rCor+O.0IM
NaTEDTA at pH = B. B

0.67M (ivHu ) rcor+0. 0lM
NaTEDTA ¿tr öH ¿ 8.65

(1:2)

0. 67rq (NHq ) rcor+0. 01M
NaTEDTA at pH ; 8.65

(1:10)

0.005M DPTA+O.0lM CaCl^
+0.1-l'jt TEA at pH = 7.0 é

0.005M DPTA+O.0lM CaCl^
+0.lti1 TEA at pH = T,j
0 . 0 0 5M DPTA+O . 0IM CaC 1..,
+O.LM TEA at pH = B.0 é

0. 005M DPTA+0.01I1 CaCI^
+0. llvt TEA at pH = B. ¡ ¿

Y=24. 43-0. 14X1+0. 002t*rt

Y=12. 69+4. Z5X1-0 .36xr2

Y=10. t1+4. 64x1-o .26xr2

Y=14. BB-1. 43Xr+r .gzxrz

Y=t4 . 94-t. IZXi-r. 44xr2

Y=25. B3-1 . 2oxr+o . ogtx.rz

Y=21 .59-6. 11X1+1 .7ZXrz

Y=7. 13+0. BOX'+O . OOZZXI?

Y=10. 05+0. 6oxr+0. 0038x12

Y=0. 64+r. 69xr-0. orBxr2

Y=5. 27+t 51X1-0. o16Xr2

0"12

T.T6

0. 83

7 .52

10.90

0.03

0. 2B

0. ]6

0.63x

0. 7lxx

r.97 0. 30

2.42

J.5.75

14.09

23.53

13. 50

0. 35

0. TBxx

o. 76xx

0. B4xx

o. 75xx

Y = ZLnc content of flax
XI= Extractable solI zlnc
x Slgnlflcant at, j/, 1evelxx Slgnlflcant at l% level

of probablllty
of probablllty
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Table BA,. Relatlonshlp Between Extractable So11 ZInc
and the Zl.ne Content of Wheat

Treatment Regresslon Equatlon F 2
t3

Conc. HN03 + 70f, HC1O4

0.1 N HCl

M NA,EDTA

2% NaTEDTA + 1.0 N

NHUOAe at pH = 7.0

1.0 M (NH,,).C0,+0.01M
NarEDrA af fiu J B.B

0.67M (NH¡)rCO.+g.oIM
NaTEDTA ar õ¡i : 8.65

(1:2)

0.67M (NH¡)rCO.+0.0IM
Naruotl ad õu 3 .8.65.(1:10)

0.00!i,i DPTA+0. 01M CaC1,
+0.1M TEA at pH = 7.0

0.005M DPTA+O.01M CaCl-,
+0.1M TEA at pH = 7.5

0.005M DPTA+0.0lM CaC1.
+0.1M TEA at pH = 8.0 c

0.005M DPTA+O.0IM CaCl^
+O.LM TEA at pH = 8.5 4

Y=I4. 34+0. 29Xl-0. 0026X1

Y=14 .97+t 66xr+o. ot8xr2

Y=I2. 10+2. 6BXr+0. O35Xt2

y=11 . 9 2+\. 19xt-0 . 07 zx'?

Y=18 .17-2. 90XI+1 . Z5xt2

Y=23. tT -6. 26X1+1. 8rXr2

y=18 . 2Z-!. 92X1+0. B6Xr2

Y=8. ]Lg+g. 62X1-1. O9Xf2

Y=9 . 64+8. Brxr-r. o3Xt2

Y=I. 26+17 .42N.L-2. 78Xr2

Y=8. 33+12. 6oxr-z .O2X.L2

0.13 0.05

g .75 o. 64xx

4. 5r o. 45x

4.04 o. 4zx

9.35 o.63xx

0. 47x4.90

8. 59

8. 70

6.74

29. B8

8. 40

0.6lxx

o.6rxx

o. 55x

0. B4xx

0.60xx

Y = ZIne elontent
Xr= Extractable
x Slgnlflcant
xx Slgnlficant

of flax
so1l zLnc
at the 5%

at the I'Á
leve1 of probablllty
level of probabllltY
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Table 94. Relatlonshlp Between Extractable soil zLnc
and the ZIne Uptake by Flax.

Extractant Regresslon Equatlon F ,2

Conc. HNO3 + T0% HC1O4

0.1 N HCl

l% NaTEDTA

2% Na^EDTA * 1.0 N
NH4OAI at pH = T.O

1.0 M (NH4)rCOr+0.01M
NaTEDTA at pH = B. B

0.67r\r (NHq ) rcor+0. 0IM .

nâreora at pH =t|;!T

o. 67M (lunu ) rcor+0. o1M

NarEDrA at pH =C1;Í31

0.005M ÐPTA+O. 01M CaCt^
+0.1M TEA at pH = 7.0 ¿

0.005M DPTA+O.0lM CaCl^
+0.fþ1 TEA at pH = T.j ¿

0.005M DPTA+0.0IM CaCl^
+0.1M TEA at pH = 8.0 ¿

0.005M DPTA+O.01M CaCl^
+0.1I{ TEA at pH = 8.5 ¿

Y=54. 10-0. 6txr+0. 010x1

Y=21. 36+19. 24Xt-1. 6Bx,

Y=17 .23+12. 34Xt-0 . 31Xl

Y=17. 37+14. 2BX1+0 .6ZXr2

Y=lg. 01+12. 04X1+0. 36Xr2

Y=44. 1?-r. 28X1+1. 83Xr2

Y=23. 6l,+9. 42x1+o . 4 3xr2

Y=0. BB+37. o9x1-3 .grtxtz

Y=r7. gg+18. 6oxr-o. r3xr2

Y=-3 .gT+3g. Srxr-4. 04x12

Y=-T .76+63. 59xr-1t. 64xr2

2

2

2

0.63

6.oj
2.28

3. 36

\.29

3.6r

5.45

5.44

6. Bg

6 .42

0. 12

a.57x

o. 34

0. 43

0. 4gx

0. 44

0. 55x

0.55x

o.6ox

0. 5gx

0. 81 0.15

Y = Ztne uptake
Xr= Extractable

x Slgnlflcant
xx Slgnlflcant

by flax
so1I zlne

at the 5%at the lfr
level of probablllty
level of probablllty
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Table 104. Relatlonshlp Between Extractable soll zrnc
and the ZInc Uptake by Wheat.

Extraetant Regresslon Equatlon F ,2

Conc. HNO3 + 70% HC1O4

0.1 N HCl

l% NaTEDTA

2% Na.EDTA * 1. 0 M
NH4oAc'at pH = T.o

1.0 M (NH4)rCOa+0.01M
I'larEDTA at pH ; B. I
0.67M (ruUu)rCO.+0.0lM
rlarnDrA at ÞH stl;lT

0.67M (NH4)rCOa+O.o1M
NarEDrA at pH;t1;Í3t

0.005M DPTA+O.01M CaCl^
+0.1M TEA at pH = 7.0 ¿

0.005M DPTA+0.01M CaCl^
+0.1M TEA at pH = 7.5 ¿

0.005M DPTA+O. 0IM CaCI,,
+0. lM TEA at pH = B. O é'

0. 005M. DPTA+O.01M CaCl^
+0. llvl TEA at pH = 8. 5 ¿

Y=7f . 33-0. 64Xr+O .OT9X:Z

Y=40. 4r+4. 49xr+o .zgxtz
Y=4 B . 66-j . zlx r+2 . \zxrz

Y=28. T3+15. 92x1-0. 49xr2

Y=44. 30-3. gTXr+3. 43Xr2

Y=79. 04-31. B6X'+B .ZBXr?

y=51 . 44-7. 0ZX1+3 . :.gxrz

Y=22. 3T+2L 30Xt-0 . Z5Xtz

Y=lg . 4e+3r. 20x1-3 . 26Xr2

Y=19 .20+75. Z0-13 . 30X j.2

Y=15 .76+43. 34xr-6. t8xl2

0.19 0.03

T .74 o. 58xx

4.06 o. 42x

2.89 0. 34

T .5t o.5Bxx

4. 3r o. 44x

6.sg

g.g2

6.60

18.61

8. 36

0. 55x

0.64xx

o. 55x

o.77xx

0.60xx

Y = Zlnc uptake
Xr= Extractable

x Slgnlflcant
xx Slgnlflcant

by wheat
solI zl-nc

aþ ühe 5%at the I%
level of probablllty
leve1 of probablllty
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Treatment

Table 27L

Iron and l/langanese Contents of Fl-ax.

Soil

Pine Ridee Stockton I Almasiopi I Plum Ri.dse
ppm Cu-ppm Zn

0,0

o,5

1.0

0.0

0r5

1,0

0,0

Ors
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0,0

0,5
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0,0
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0.0

O,5

o,5

0,5

1.0

1.0

1,0

2,O

2,4

2,O

r22

73

77

90

68

67

82

123

98

115

97

9B

t+72

5l-3
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556

L'3'}

3L3
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430

380
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390

270
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90

67

6B

72

67
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62
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57

366

260

180 
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L57

207
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L63
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33
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3?
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25
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6o

t+3

57

53

4Z

53

6l

7o

53

6l

37

37

34

34

3o

30

3L

35

2g

29

29

3L

L93

220

2LC

L63

LT]-3

2L0

L57

200

L97

LI+3

160

L6?
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Table 28 A

Solubility of SoiI Iron Influenced by
Additions of NaTCuEDTA and Na2ZnEDTA

(ppn Soil- Ba6is )

Sto_cktgÊ

Incubation time
'

No,Chelate Added 28.5 5O'0 I7'0 23,5 22,5 L3,5 I9,5 : 
,

NaTCuEDTA 26,0 5? .O &0 .0 52'O 39,5 - 36,5 45,0

Na2ZnEDTA 26,0 50.0 43'O 50'0 49 ,O llÌ 
' 0 42,o

Plv.u-EÅdee

i iqo chefate Added 5,6 l-.0 l-.8 o,5 2,6 L,6 0,2 
l

Na^CuEDTA ? ,B L,2 3,2 1.0 6,0 l-, 9 Q ,9 l

¿

Na^CuEDTA 8,0 l-.4 5,3 2,O 0,5 5.5 o'4
¿.
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Tabl-e 29 e,

No Chel-ate Added 0,6 O,Z 0.3 Q,3 o,5

Solubility of Soil Mn as fnfluenced byAdditions of Na2CuEDTA and NaaZnEDTA(ppm Soi] Bãsis)

Stockton

NaTCuEDTA

NaTZnEDTA

No Chetate Added

Na^CUEDTA
¿

Na ZnEDI.A,
2

2,4 r,5 o ,5

L,5 o,9 o.l
0,1 0.&

Plum Ridse

0,4 0.4

o ,5 0.4

0,6 0,4

or2

0.6

0.1

0.L L,0 0 .6

0,2

r,6
0,7

0,I
0,5

0,1

o,3

o,¿l

0.2

0,1

o.3

Q,7

0,1_

0.l_

0,4

o,7

or5


