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Coppersulphate(CuSOo.5H2O)atratesvaryingfrom.0to1000ppm

Cu and ZÏSOO.TH2O at rates varying from 0 to 2000 pprn Zn were incubated

for 7 days with Pine Rídge sand (Degraded Eutric Brunísol) and Lakeland

clay loam (Gleyed caïbonated Rego Black), tu"p."tively. The higher

ra.tes were to simulate band application, whereas the lower rates \^Iere

to simulate thorough mixing lvith the soil. The proportions of applied

Cu and Zn extracted wíth \tater r¡Iere very small (O'22-5'O%), \'/ere not

appreciably affected by tíme of incubation, and decreased wíth increas-

ing concentration of applied cu or Zn. The proportions of applied

Cu and Zrt extracted with DTPA were considerably more (50 - 95%) than

the proportíons extracted wj-th water, I^/ere not appreciably affected

by rate and decreased slightly with time' The high proportions of

applied Cu and Zn which were DTPA extractable suggested that much of

the cu and zn which vras not Hro soluble was absorbed or complexed and

therefore potentíalty plant available. Since the porportions of applied

cu and Zn v¡hich were Hro or DTPA exrractable, did not increase wíth

increasing cu and Zn, there I¡7as no evidence that banding cu and zn

sulphates would increase their chemical availabilities

The effect of rate and method of placement of cusoo and Znsoo into

pine Ridge sand and Lakeland clay loam, respectively, upon the growth

and nutrient content of barley GÉdeunì vgfgglg L') were investígated

in growth chamber studies. Concentration and total uptake of Cu and Zn

into six rseek o1d barley shoots indicated that Lhe most effective method

of application of,both cusoo and Znsoo was mixing throughout the soi-l,

follovred by banding vith the seed which vTas more effective than banding

ABSTRACT



belo¡,r the seed" Applying cuSoo or ZnSoo in a poínt belor¿ the seed

r.ras not effecEive ín increasing cu or zn uptake. plant cu and Zn

concentrations increased more than dry matter yield as rates of Cu

and zn sulphates r+ere increased. rn addition, mixing cuso, or ZnsoO

with the soil vras not more effective than bandíng with the seed. in

increasing dry matter yíe1d" The failure of dry matter yield to re-

spond to micronutrient fertilization as much as cu and Zn upË.ake

resulted at least partially from zn deficiency in the cu experiment

and Fe deficienc.y Ín the Zn experhment. Application of CuSOO dec::eased

total Zn uptake from Pine Ridge sand to the ext.ent that most plants

did not contain enough Zn f.or their nutritional needs. Pine Ridge sand

!¡as not only deficient in cu but also marginal Ín its abÍ1ity to suppJ-y

zn to barley" Application of znsoo to Lakeland clay loam decreased

total Fe to the extent that most plants \,/ere Fe deficient. Lakeland

clay loam was Èherefore marginal.ly deficient in Fe in additioon to being

deficient in Zn. Those aclditional Zn and Fe deficíencies made il- Ím-

possible to determine optimal application rates for cuso' and Znso' o::

to accurately determine plant Cu a:-d Zn critical levels. Nevertheless,

the critical Cu concentration ín six week old barley shoots was esti.mated

at 5.2 ppm and the critical Zn concentraËion at I2.5 ppm.
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MicronutrienËs are jusL as essenÈial for plant growth as macro-

elements. Notwíthstanding the facË that micronutríents are required

for plant growth in amounts considerably lower than that of macro-

nutrients required, the metabolism of plants is stil1 strongly affecËed

by the nutritíonal level-s of microelemenËs. Copper ar.d Zn have been

established as two micronutrÍents which constitute potentíal nutríenË

deficiencygrobtrlerns in ManiËoba soíl-s. Previous field and greenhouse

research workers have esËablished thaË Cu deficiencíes occur maínly on

acidic, leached, sandy Podzolíc and Gray Luvisolic míneral soils as

well as organic soils of south-eastern Manitoba, whereas Zn deficien-

cies are prevalent on soils wíth high carbonate conüents.

PrevÍous researchers have also diagnosed soí1 environmental-

facËors, such as the levels of micronutrients and/or macronutrients,

carbonates, organic matter, hydrous oxides of 41, Fe and Mn, etc.,

which are capable of accentuating Cu artd Zn deficiencies. Apart from

delving extensively into chemistry of Cu and Zn in soíls, these workers

also investigated with useful- results, appropriate diagnosËic extTac-

tion methods for assessing the l-evel-s of plant avail-able soil Cu and

Zn. They recornmended suitable organic and inorganic Cu and Zn ferti-

Lizer carriers whích, when properl-y applied to soils, can supply

adequaËe Cu and Zn to planËs. However, mosË of these prevíous inves-

tigations left some questÍons unansr¡reTed in that they did not delve

deeply enough into which methods or rates of application of their

recommended Cu and Zn fertilizer carriers would be most appropriate.

Moreover, investigations r¡rere corìcentrated on crops such as corn or

I. PREFACE
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field beans which are parËicu1ar1y susceptible to micronutrient defi-

ciencies, thus neglecting important cereal crops such as barley and

oats probably because of general fear that these crops rnight not bríng

abouË fruiÈful and conclusive research findíngs. This fear probably

arose from the general assumptÍon that these cereal crops are noL as

sensitive to mícronutrienË deficiencies.

Experíments T¡rere conducËed, therefore, to:

(1) Assess Ëhe effect of time and method of placement of CuSO*.5H20

(2) Evaluate the influence of rates and methods of placement of

CUSO, and ZnSO, on the yield and nutrient uptake of barley plants;44
(3) Establ-ish the critical levels of Cu and Zn in barley plants belor,r

which deficiencies of Ëhese mícronutrienËs become inevitable.

and ZnSOO .7H20 on their chemical availabilities;



Copper is very much involved in the metabolism of higher plants

and is therefore essential- for normal plant growth. Copper is an

essential constituent of several important enz)rmes (113). In addi-

tíon, enz)rmes such as phenolases (121), cytochrome oxidase and

probably poly-phenol oxidase (142) are strongly affected by the

nutritional levels of Cu. Copper is also a metal activator for

several other enz)¡mes, including tyrosinase, laccase, ascorbic acid

oxidase and butyryl-A -dehydrogenase (76, L77 , 187) . Copper is

essential in photosynËhesis and chlorophyll formation (46r:113).

Copper deficiency in tungtrees, for example, resulËed in decreased

CO, absorption (96).

Zinc is also essential Ín plant metabol-ism. It is a component

of several metallo enzymes, including a variety of dehydrogenases '
proteinases and peptidases (142, 187) . Zinc is also a metal activator

for several plant enzyme.s, such as carbonic anhydrase which catalyses

decomposítion of H2C03 xo CO, and HrO (46). The acËivity of trypto-

phan syntheËase in Neurospora is decreased by Zn deficiency (I22). In

higher plants, tryptophan is a precursor for the plant growth substance

indole-3 -acetic acid which ís also known as auxin (46). Considering

that biosynthesis of IAA in higher plants ís enhanced by Zn (742), and

that Zn deficiency in potato decreases the 1evel of IAA (162), Zn is :

likely necessary for the acËiviËy of tryptophan synthetase ín higher

planËs.

Zinc deficiency also results in l-ow RNA (ribo-nucleic acid) and

A. IMPORTANCE OF CU AND ZN ]N HIGHER PLANTS

II. RTVIEI,T OF THE LITERATURE
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4.

ribosome leve1s in a number of planË species (140). Ribosome stabílity

in cytoplasm of Euglena gracilis is decreased by Zn insufficiency (141).

In addition, soluble nitrogen components such as amino acids and amides

acct¡mulated in Zn deficient potato plants (140). This implies Llnat Zn

is involved in proteín synthesis in higher plants.

B. COPPER AITTD Zn DEFICIENCY
SYMPTOMS IN HIG}TER PLANTS

Copper deficiency symptoms have been observed in many crops and

vary considerably among those crops (54, L77). fn corn, the younger

leaves become yeJ-low and stunted. As Cu deficiency becomes more

severe, the older leaves become pale and the younger leaves die' with

dead tissues appearing first along the leáftips and edges (I77). Cu

deficient cereal plants lose colour in the younger l-eaves. Eventually'

leaf nidríbs break and leaftips become necrotie (177). Severely Cu

deficient cereal plants fail to develop heads (33). Severely Cu defí-

cient vegetable crops often fail to flower. The leaves of many Cu

deficient vegetables lack turgor and develop a, liluish greenish cast

leading to chlorosis and curling (177).

ZÍrr'c def.icíency symptoms have been observed in a number of crops

íncludíng corn, sorghum, deciduous and citrus fruit.s, nut Ërees' tung

trees, legumes, cotton, and several vegetable crops (3, 6, Lzr 20,

22,36,54,72,136,160, i6B). Early Zn deficíency symptoms usually

involve interveinal chlorosis of the older leaves (6, I77) , appearíng

first at the tips and rnargins (46). In cotton, ínterveínal chlorosis

ís followed quickly by necrotic spotting (34, 113). fn corn' chloro-

sis is followed by bleached tissue on each side of nidrib and at the

base of the leaf (I77). Severe Zn deflicíency often results in smaller



5.

leaves, shortened internodes and str:nted growth. Seed production ín

beans (Phaseolus vul-garis) and peas and fruit development ín citrus

are adversely affected by severe Zn deficiency (46). Zinc defíciency

also causes defolíation, J-oss or absence of flowers (113) and increa-

ses in the period requíred for beans to reach maturity (22).

e." doÉÈÊR. Al¡Ë z.n ËËflieÈEñi;rsôrÉs r:1i,r,r:l

Copper defÍcíencies were reported in numerous crops on organic

(peat and muck) soils (8, 37,66,69,72,73, L04,165, I77,186).

Highly weathered coarse-textured sandy mineral soils (8, 9, 66, 67,

72,73, L37, 186, 187) often did not have sufficient exchangeable Cu

for optimum growËh of many crops. Examples of such soils are sandy

soils of western U.S.A. (73), the sandy stiils of Florida (137), pod-

s.o-19.; in easËern Canada receÍving high annual precipitation (mean of

115 crn) (67), and several sandy soils on Prince Edward Isl-and (66).

Ifanitoba has approximately 15¡ million hecËares of organic soils

of which approximately 100r000 hecËares are suitable for agricultural

developmenË (165). fn addition, there are many hectares of acidic

sandy soils which one might expect to be Cu deficient. In fact, Cu

deficiencies have been reported on some of these soíls (37, 104, L44,

163, 166). Campbell and Gusta (37) reported that in field trials,

peat deposits near Vivían could not supply suffícient Cu for the

opËimum growth of carrots (Daucus carota var sativa) and ôníons

(Allir¡m apa) . Addition of Cu to carrots increased yield by 5.6 metric

tons per hectare and improved the quality of onions. Racz (144)

applied Cu ín four corn and two sr¡nflower trials on Almasippi sandy

loams. In one coÈn trial on Almasippi sandy 1oam, there riras a trend
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towards increased yields but this T^ras noÈ statisticall-y significant.

Soper (166) obtaíned srnall statistícally ínsignificanË responses Ëo

Cu in alfalfa on MÍniota sand and Pelon loamy fíne sand. Greenhouse

experiments conducred by McGregor (104) confirmed that Píne Ridge

sand cont.ained inadequate Cu for the growËh of flax and that Stockton

sand contained barely adequate quantities of Cu for the grov/th of

f1ax.

Zinc deficiencÍes have been observed under widely varying envir-

onmental conditions. Low levels of available Zn have been found in

humic gleysols, regosols and organic soils (7, 184). Zínc deficien-

cies are most conmon on calcareous soils (19, 48, 73,83, 84r 97,

I07, LzO, 136, L46, L54, L77,186) buË also occur on highly leached

soils (97, L07, 120) and on soils contaÍning litt1e organic matter

(97, 120). Alteration of soil by man can also lead to Zn deficíen-

cies. For example, soils under corräl.9, barnyards and orchards (01¡,

intensively eropped soils (112), and calcareous subsoil-s exposed by

levellíng and furrowing for irrigation (54,861 97, L2O, L77> some-

times contain 1ow levels of avaiLabLe Zn. High levels of soluble

silica in acíd soils (152) and excesses of other micronutrients (177)

may result in Zn deficiency. Zinc deficíency is often more pronounced

when spring weather is particularly wet and cool (7, 42, 48).

Most of Ëhe culËivated soil-s in Manitoba are calcareous and

therefore may be deficient in Zn (37, 84, 104, 144, 163, 165). In

addition, environmental condiËions such as cool, \,Iet springs which

may accentuate Zn defLciency are quite common. Racz (144) found that

applícation of Zn to corn and 6unf1or,¡er on Almasippí loany fine sand
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resulted in smal1 sËaËistically Ínsígnificant yield increases.

McGregor (104) also noËed in a greenhouse experiment that a Plum Ridge

calcareous soil was moderately Zn deficient while an Almasippi ca1-

careous soil supplied barely adequate quanËities of Zn f.or flax planËs.

D. TORMS OF Cu AND Zn IN THE SOIL

The total amount of Cu in soil is often dependent upon the amounË

in the parent. maËerial-. The average Cu coritent of the lithosphere is

about 100 ppm whereas that of soil is reported to range between

2 - 100 ppn. The total amounË of Cu in the soi1, however, is not an

indicatÍon of its biologÍcal availability (L77).

The principal Cu containing minerals in the lithosphere are CuS,

Cur(oH)rCO, and CuSío, (89). These weather to releas" Cr*2 into soil

solutíon (183). Under slightly acid and oxidizing condítions, Cu

combínes with common anions in the soil solution Ëo form compounds

or complex ions which are hrater soluble (89). However, under alkal-íne

or reducing conditíons, insoluble compounds such as CuS, Cu(OH)r,

CuCl, and CurO are precipítated (89).

Most of the Cu released into solution during weaËhering or

decomposition of organic matter is adsorbed by soil partícles (89)

because Cu forms strong covalent bonds (I2g). The C,r*2 fotr is noË

only adsorbed strongly by clay but al-so adsorbed appreciably by

quartz (11r?89). The Cu adsorptive capaciËy of clay minerals usually

increases wiËh pH (89, L47 , I57).

organic matter fractions (50, 73). Some Cu ís also lost in drainage

\nlaters (132). Líndsay and Norvell (95) gave the equilibrium reaction

Copper is also adsorbed readíly by Fe(OH)3, Fu203.3HrO ar'd



in a Cu-soil system as

+tCu'- * soil . " Cu-soil * 2H

wíth solubility relationship

cr*2 = Lo3'2 (n+) 2

The level of Crr*2 ín soil solution as predicted by this equatíon is

far below that expected íf eomplex iôns, oxides, and carbonat.es of

Cu were controlling the solubility of Cu (93). The level of Crjz

in the soil soluLÍon decreases wíth increasíng pH. However, Cu forms

soluble and rnobile complexes with organic matter more readily than

does Zn. TJp-nto,99%;:ofrx?uaierp'hê9Ëoú1 So.lutiohecanå6eieonpfrrp*"edeå

with organic maËte r (V3, 93) . E gy-enrvârious A'opþËl+)'tl,d1.6çíArè) äoíÌj.¡
. . -^)

î0ûñäà äna. eaaÉfèi lönÈåf'6qfte.e[:r.àiûi?]J vie4,ûeé. Êrêã<reçtE{hañX}7 . gcr¿,¡þ= ,

iS:ttAng+g'iêoilrþlê*êd 6$:re+gl1----ri.iattË,r.cLef6ag¿rquèa,e1.5'5eC.úrileficíeñcies.

:¿7"l'r.oi=is-prevätr-ent- a's- Za def icièncíes': oÈi-i calcar'êoüse sslrlg: êvên ,

tfroügr,Zthë boheêñtrãti6ñ*"fpC,rt?:ís'rÌelared to soil pH (73,g5) .

TJ:.e Zn concentration in the lithosphere is approximately 80 pprn.

The total Zn concentration in the soil varies from 10 - 300 ppm but,

like Cu, that range is not an indication of its avaílabiliËy to

plants (I77). ZÍrnc in the lithosphere occurs ín shales primarÍly as

ZnS (Sphalerite) (183) . Zinc containíng minerals weather to release
J-'> La J-.)Zn'' ínto soil sol-ution (167, 183). Unlike Cu-t, Zn-¿ does not

readily form soluble complexes wiËh organic maËterurld Zn*2 remains

dominant up to approximately pH 9.0 (183). under alkaline conditíons,
_+2Zn - may react with corrnon anions in the soil solutíon to form com-

ponnds such as zn(oï)2 ar.d znco, (41, 120), parricularly if ,h" zn*2

concentration is greateï than 10-4 moles per litre (S9). Zínc ions

B.



ïeleased into solution, may also be adsorbed and/or fixed by clay

minerals (L2, I47, I57), hydrous oxl-des of Te, 41, and Mn (93),

carbonates (183), and organic matter (89).

Norvell (95) gave the equilibrium reaction in a Zn-soil sysLem as

+)+Zn'- * soil , / Zn-soíJ- + 2H
î-

with the solubilíty relationship

(zn+2) = 106 (tt+) 2

llÍs equation not only suggests that the solubility of Zn*Z is highly

pII dependent, but also that compounds such as ZnS, Zn(OH)r, ZnCO,

and complex ions are far too soluble Ëo account for the small concen-

trations of Zn found in most soil solutíons. In fact, Zn(OH)^ and'¿

ZnS might very well be good fertil-izers (18). Although- ZnS is the

principal Zn containing mineral in the lithosphere, it is 1ike1y that

in soils the solubility of Zn is controlled by clay mínerals, hydrous

oxídes, carbonates and organíc matter

Interaction of Cu and Zn with organic matter is very importanË

in the chemistry of soil Cu and Zn. Organic matter can interact with

Cu and Zn ín many r¡rays. Organically bound Cu and Zn can be mineral-

ized and be made available to plants (89). Consequently, soils 1ow

in organic matter may be 1ow in available tu and Zn (91, I20). Con-

versely, Cu and Zn can be bound into metallo-organic complexes which

are immobile and unavaí1ab1e to plantq (50, 73, Bg, 93, l2g). Conse-

quently, a|" addition of organie matter may actually aggravate Cu and

Zn def.íclencíes. Lastly, organic (matter) constituents can form

rnobile and labile complexes with Cu and Zn (43, 104, 130). In general,

the formation of soluble Cu and Zn organic complexes ís dírectly

o
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related to the soluble organic fractions and not to total- organíc

matter content of the soil (73).

Indigenous or applied Cu and Zn can form insoluble complexes

with hurnic acids which are urravailable to plants (lZt¡. However,

ntltrerous other metallo-organic complexes are soluble and avaílable

to plants (130, 165, 1,7L). These include individual biochenical

molecules, such as organic acids, amino acids and fulvic acids.

These const.ituents can convert insoluble metal complex ions and

compounds which had precipitated at high pH (11-, 89) inLo soluble

and available metal compl-exes (71, 73, 93, 113, 165). Carboxyl groups

and amides are ligands parËicularly involved in formaËion of complexes

with metals by ion exchange, surface adsorpt.íon, chelation complex,

coagulatíon and peptization (111).

Some natural chelating agents are produced by micro-organísms or

excreËed by plants and function in Ëransportirrg Cn+2 ^nd Zn*2 to

planËsr rooËs (49), or to lower soil- horizons (7L, 171). Biochemi-

cal1y synthesized chelating compounds include organic acids, peptides,

proteín molecules, amino acíds, aliphatic acids and polysaccharides

(60). Up to 991l of. soluble Cu and 75% of. soluble Zn occurs in soil

as metallo-organic complexes (73, 93).

CONCLUSION

It nay be sr¡nmarized that Cu and Zn occur in the soil in at l-east

five forms (183). These are: (a) water soluble Cu and Zn, the levels

of which are usually very sma11; (b) exchangeable Cu and Zn whích are

also small except in soils very well supplied with these elements;

(c) adsorbed, complexed or chelated forms of Cu or Zn, which make up
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a far greater proportion than the above two forms because of high

affinity with whích clay, hydrous oxide and organic materials adsorb

Cu and Zn; (d) Cu and Zn occluded ín the secondary clay minerals and

insoluble meËa1 oxídes; (ê) Cu and Zn cations in primary mÍ-nerals.

It is thought that Ëhe \^later soluble, exchangeable and adsorbed,

complexed or chelated forms of Cu and Zn are the most importanË

pools suppiying these metals Ëo p1-ants. The Ëhree forms are also

thought Ëo be ín equilibrir-m (4S¡, and consequenËly any change ín

one of them would result in changes in the oLher Ëwo forms. It is

important, therefore, that soil Ëests for p1-ant avaílable Cu and Zn

should extract a portion or all of the three forms.

E. METITODS OF ASSESSING PJ,ANT AVAILABLE
Cu AND Zn AND THEIR RESPECTIVE

CRITICAI LEVELS

]I. SOI], ANALYSIS

Mii.cronutríent soil- tests entail many problems whích sometímes

render the results inevitably questionable: (a) Plant requíremenËs

are so sma1l that the prevention of possíble contamínation, even in

Ëhe face of the most adequate precauËions is ofËen Ímpossíble.

(b) Environmental condítions such as soil pH, carbonate contenË, soíl

texture, r^7ater conterit, soil eolloids, temperaËure, and activities of

oËher micronuËrient metals can sometimes correct or índuce deficien-

cies in soils wiÈh borderline deficiencies. (c) Errors can be caused

by ímproper sampling and by soil- variabÍliÈy. (d) Plants differ in

micronutrient requirements and ín theír susceptibility Ëo micronutrí-

ent deficiencies so that the Ëest crop or varíeËy nighË influence the

interpretation of Ëhe results (60, 183).



In soil Ëesting, attempt is made to correlate the amounts of

micronuËrienËs extracted from the soí1 with plant micronutrient

levels andf or r^rith deficiency syrnptoms and yíeld responses of Ëhe

crops (24, 53, 184). Extractants used Ëo assess the availabí1-ity

of soil Cu and Zn car' be placed into six caËegories (104):

(a) extractants which extract Ëotal amount of Cu and Zn from the

soil; (b) water; (c) biologj-cal extracËants; (d) salt extractarits;

(e) acid exËractants; and (f) chelating agents.

The various methods for estimating available soil Cu and Zn are

stmmarized in Tables 1 and 2. A good micronutrient soil extractanË

should extract all or a proporËional part of the available forms of

the micronutrient such that the amount extracËed can be correlated

wíth crop growth and micronutrient uptake. fn other words, a good

extractant should extract a portion or all of (a) \^rater solub1e,

(b) exchangeable, and (c) adsorbed, chelated or complexed forms of

Cu and Zn, the three pool-s which are Trery ÍmportanË in supplyíng

plants with rnÍcronutrients.

1. Total Cu and Zn concenËrations in soils

12.

Total Cu concentration ín soil has been studied as a possíble

guide for assessing the availability of Cu to plants (40, 76, IO4,

L23, 135, 169). Neelakantan and Mehta (123) found a positive corre-

lation betr¿een carbamaËe extractable toËal Cu and neutral lliNii-rNH^OAc

extracËable Cu on I¡lestern Tndian soils. However, total soil Cu

content is usually poorly correlaLed with planË growËh, and Ëhere-

fore, is of linited value for predicting availability of Cu to plants

(183) except where the total Cu content in soil ís low.



I. TOTAI

Inproved CarbmaÈe

METHOD

I I. I.JATER

TABLE l. nXTRÂcTlON I'{ETTIODS A.ìlD CRITIC¡\I LEVELS FOR PLANT ÀVAILABLE SOIL Cu

III. BIOLOGICAJ,

Aspergfllus niger

SOIL

IV. SATT SOLUTIONS

NHaOAc

NHOoAc (pH - 4.8)

NH40Ac

NH40Àc

NHOOAc

Acldlc nlneral

Podzoll c

LOCATION

Pmlce-derlved

l,lestem Indla

EasÈern Censda

¿\CIDS 1.0 N ItCl

I.O N HCl

No3

No3

No3

Calca reous

Leon flne sand

Acldlc nineral

CROP

Great Brltaln

Kenya

CRITICAL LEVEL (pprn)

Callfo rn I a

Callfornla

Westem Indla

Leon flne sand

orchard

whea!

RÁTING REFEREI¡CE NO,

Callforn 1a

cltruB

Good

2,O

3.0

Good

Falr

citrus

8fûÊse a

!¡heût, barley, oats

SraB6ea

( 123)

Good

Fafr

(128)

(65)

o.z

Falr

Good

Good

(23)

( 139)

4.0

3.0 - 4.0

( 128)

(r28)

( 123)

(64

(4s)

Poor

Good

Good

Good

Good

(53)

( 100)

(87)

(181)

(l82)



VI. CI¡.ETÀTING AGENÎS

DTP¿\

EDTA

O.O5 }f EDTA

EDTÀ

O.O2 M EDTÂ

0 .5 H EDT/\

Na^DP
z

}fETHOD

L4

TAELE I. (CÙ¡ìTId) NXTR^CTION }ÍETIIODS ¿!\D CRI.'I'JCTI. I,IìVIiI'S FOR }'Lfu\]'AVAILABLE SOIL CU

SOIL

Many solls

SandY

Sandy loam

Àc1dlc noralnfc foregt

ÀcldLc ÍlneraL

ìlany sotls

Acidlc eandY

LOC,\TION

North Dakota

Ken Eucky

N. E, Scotland

Ftnland

l,udhiana (Indla)

nJny areas
of the uorld

ìlån I tobÂ

CROP

þÍrny croPs

corn

oôts and bsrlcy

(:e rc{¡ 1a

rlce

barlcy

CRITIC^L LEVEL (PP¡û)

0.2

0. 75

0. 75

. 1.30

N.ÂTING

Good

Good

Good

Good

Falr

Good

REFERENCE NO.

(46 )

( l3)

(148)

(ls6)

(64)

(45)

(i04)



I. TOTAI,

IIETHOD

II. \'ÀTER

LJ

TÀBI.E 2. EXTfu\CTI0N }lnÎtoDs 
^}lD 

CRITIC,\L I,DvIiLs FoR PLÂNT AVÂILABI,E SoIL Zn

TII. BIOLOGIO\L

ÂsDersfllus niger

SOIL

Sandy loan

Flne textured

Cal careous

Acidlc mlrreral

Calcarcous

IV. SALT SOLUTIONS

Nit,oAc (PH = 4.8)q-

NH.OAc (PH - 4.8)
c

NH.OAC (pH = 4.8)q-

2 N ìtgclî

1 i.I KCI

I N CaClo

Acldtfled KtS0O

I N (NH,)^C0^
qL J

LOCÀTION

Wis cons in

f.¡1s consln

Acidlc nlneral

Colorado

New York

Kansas
(grecnhouse )

CRIÎICAL LEVEL

Flne sandY
loam (a1luvta1)

Calcareous

Calcareous

Ca1 careous

Calcareous

Calcareou

calcareous

Calcareous

Ilo r Ida

WashlngEon

Ca1 I fo rn la

Jerusalen

Washington

Jerusalem

Jerusalem

l.lLeconsln
(greenhouse)

Jerusalem

0.6 - 2.88
t"''"""1-:ït"'

RATING REFERENCE NO.

o.2 - o.72
(crftrcal 

:::t 
*'*",

0.4

Ri ce

Poor (65)

Poor

Poor

Good

Cl trus

Corn

M1llet, sweet corn

Cl trus

Com and nlllet

Rlce

(73)

(73)

(60)

Falr

Falr

Good

falr

Good

Good

Good

Good

Good

Good

(r80)

(18,170)

( 128)

( 146)

(r00, r70)

( r46)

( 146)

(r 18)

( 146)



V. DILUÎE ACIDS

o.t N Hct

0.1 ¡i Hc1

0.1 N lrcl

0,I \ trcr

0.1 N ilcl

0,i i\- IlCl

0.I N IlCl

0.0I N HCl

0.C5 N HCÌ plus
0.05 ì{ H^So.

-¿IL

}fETHOD

L6

TABLE 2. (contrd) F.xrR crloN lftirttoDs 
^ND 

(:RITrc^L Lr:vtìLs FoR pti,nr AVÂTLABLE solt. zn

SOIL

Calcareous

Sondy

Many sol1s

La to zol lc
Profflcs

Calcsreous

Sandy clay loau

!Lne sandy loao

Sandy

Sandy

VI. CIIETÂTING ACENTS

(a) DTPÄ

D1'PA

DTPA

DTPÅ (pH = 8.0)

DrPÅ (pH - 7.3)

(b) 0.01 ¡r EDTÂ

' 0.01 ìf EDTA

LOCÀTION

È1il ry lBnd

lfany arcas

Ilawal I

Knnsas

Callfornla

Itashfng t on

lfaryland

lfaryl.and

CRITIC L LEVEL (ppn)

CslcJr reous

Ca lca reous

Smdy loan
and calcareous
Sandy and/or
Calcarcous

Cal,c¡lreous

Acldlc norainic

t.0 - 7.5

t.4

2.7

1.ó

0.2

0,3

Callfornla

Cole ¡¿¿o

Wûshln g t on

Ìlnnltoba

Hany orcne

Ffnland

Corn

Corn

Hany crope

Corn

Com

RATING REFERENCE NO"

0.5

0.5 - 0.8

l1

1.0

1.4 - 3.0

Good

Good

Fafr

Cood

Good

Cood

Good

Good

(rcl)

(44 )

(4s)

(86)

(178)

(l6)

(59,61)

(44)

(44\

SHect Corn

Corn

7.n aensltfvc crop8

Fl.ax

lfany crops

Ccrcals

Good

Good

Cood

Good

Good

Cnod

( 30)

( 90)

( 14, 55)

( 104)

(4 b.4s)

(i87)



iI. CHEIATING AGENTS (conÈrd)

(b) 0.01 ìf EDTA

0.2 !f Na^Ca EDTA_L

0.01 M EDTA plus
r.0 M (NH,)^C0^

- q1 J

(") DITHIZONE

I

ìfDTlt0D

TÀBLE 2. (CONIId) L\TRACTION HIiTIIODS A}ID CRITICAL LEVELS FOR PL.A}IT AV,\IIABLE SOIL ZN

SOIL

Calcareous

Cal,careo.r¡9

hrmid troplcal

Calcareoug

Calcareous

Calcareoug

ì(any sofle

Calcareous

Dlthtzonc + I N CaO(Àc), Calcareous

L7

LOCÀTION

0,01 lf Na, EDDIIA

0.02 M NaTCDTA

0.01 ethelene dfamine
(EN)

Wlsconsln

Jerusalcr¡

llaryland

Callfornfa

l,lls cons 1n

Calffornla

Many areas

CaLlfornla

CRITICÅI, LEVEL (pp¡n)

Calcoreous

It

I

0.1

0.s5

Jerusalen

CROP

Corn

Corn

Corn

COrf¡

0.55

RATINC RETERENCE NO.

Good

Good

Good

Good

Good

(47)

(147)

(t,4)

(30)

(Iol)

(177)

(27)

(177)

(177)

( 146).

0

Cood

Falr

lr

lt



and oËher micronuËrienËs, and vary in Ëheir susceptibíliËy to micro-

nutrient deficiencies (3, 28, 33, Lt5, 60, 72, 113, 160). Thus, the

critical val-ues of micronutrient in soil depend on plant genoËypes

and method of micronuËrÍenË extraction (45, 60, 72, 104, L46). Since

total soil Cu is not correlated with plant growth, no total soil Cu

criËical levels have been reported in the literature. However, Ëotal

soil Cu varies from 2 to 175 ppm (113, L23, I77).

Total- soLL Zn corit.ent has also been sËudied as a possible índi-

cation of Zn availability to planËs (76,101, 104, 118, L46,170,177,

L79, 183) . Total Zn contenË of the soÍl is poorly correlated with

plant availabl-e soil Zn (60, 86, 101, 103, 115, lL8, 177, I7B, 183),

excepË where total soil Zn is low (183). MosË mineral soils contain be-

tween:¡lO and 300 ppm of soil ÈotaL Zn (86, 113' L77). Total- Zn con-

centration usually decreases wíth depth as much is assocíated wiËh

organic matËer (86). Total soil Zn concentTation also varies with

clay content. For example, the average total Zn concentrations in

fine textured and sandy loam. soils were 73.0 and 33.0 ppm, respec-

tively in Inlisconsin (170). Since total soiL Zn is not correlaËed

with plant growth, no total soil Zn critical 1eve1s have been reported

in the literature.

2. Inlater

Plant species have varying requiTemenËs and tolerances for Cu

18"

I{ater has been used as an exËractant to determine the availability

of Cu Lo plants (37,45, 53, 73, I2B,186). Nishita and Haug (128)

found that the amount. of HrO-extractable Cu was greatest when soil was

heated to about 200oC prior to extraction. Gupta and MacKay
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(65) found that the amount of Hr0-soluble Cu Ín podzolic soils ranged

from 0.09 to 0.46 ppur. However, r¡rater usually does not extract suffí-

cient Cu to represenË adequately the labile nutrient avaílable to

plant roots (45, 65, 186) .

Several researchers have attempËed to use \^rater as an extractant

for plant available soil Zn (45, 58, 60, 73,83, 118, LzB,186).

Hodson, Lindsay and Trierweiler (73) found that t1ne Zn concent.ration

of the soil solution in calcareous Colorado soils was less than 2 ppb,

and in acid New York soils, less than 74 ppb. Mortredt and Gíordano

(60), however, found that deionized H^0 exËracted between 1 and 100%

of Zn applied as ZnSOO.THZ1 and ZnO to calcareous soils, and the per-

centage recovery in each case córrretaLed w¡',th agronomic effectiveness

of Zn in Ëhese inorganic fertÍl-izers. However, several other resear-

chers reporËed. Ëhat water did not extract sufficíen:. Zn to represent

adequatel-y the 1abile nutrient available to plant roots (45,60, L2B,

186) .

'3. Bírg1ogical,-ext,ractants (bioasèay)

Aspergíllus niger has been a co¡nmon bioassay for assessing the

1evel of Cu available from the ÏIrO-soluble, exchangeable, and chelated

micronutrient pools in the soil (23,57,70, L39r 1B0). Boreld et aL.

(23) found Ëhat the threshold 1eve1 of Cu in orchard soils of GreaË

Brítain was abouË 2 ppm. In Kegrya, Pinkerton (139) delÍneaËed 3.0 ppm

Aspergillus nÍger-extractable Cu as Ëhe criËical leve1 of Cu for wheat

in pumice-derived soils of the Rift Valley. Although Aspergillus niger

extractable Cu correlaËed adequately with plant growth (51, 70), the

bioassay technique demands purification of chemicals and time for the
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gror¡ith of organísms (45), and does noË always yíeld a readíly repro-

ducible result (70). In addition, iÈ \¡ras suggested (180) that its

use be lirnited to acid soils.

Aspergillus niger has also been used as a bíoassay to indicate

Ëhe 1evel of Zn available to plants (101, 179, 180, 187). Martens

et al. (i01) observed Ëhat Aspergillus niger-extractable Zn correlated

more hígh1y with Zn uptake by corn than dithizone-O.1 N HCl- and

0.2 M MgSOO- extTactable soil Zn, and its use $ras more convenient and

more rapid than acetic acid and EDTA procedures on hr¡nid zonaL soils 
"

(L79). Tucker et al. (180) found that citrus, grown on certain acid

soils of FlorÍda, contaÍnÍng 0.6 - 2.BB ppm Aspergillus niger

extractable soil Zn, responded to Zn f.ertl1,i-zaLj.on, but suggested

that iËs use be linited to acid soils.

4. Salt extracËants

Neutral or riear neutral salË solutions and acidified salt solu-

tíons have been used to determine the levels of micronutrÍents

available to plants from the readily exchangeable micronutrient pool

in the soil. However, the level of exchangeable micronutríents ¿îis.

too low to be an adequaËe predictive value (45, 52, 60, 186), even ín

soils whích have received large amounts of mícronutrient fertilízers

(52). Though some degree of success has been achieved in some insËan-

ces, determinatíon of readily exchangeable micronutrient cations does

not appear to be adequaËe means of assessing Ëhe availability of the

micronutrients to the plant roots (45). However, readily exchangeable

micronutríent 1eve1s better represent plant available 1eve1s than

either total or HrO-extractable micronutrienË levels.
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Nishita and Haug (128) reported Ëhat the level- of NHOOAc

extractable Cu was highest in calcareous soil-s of California when

these soils were heaËed prior Ëo extraction. They also reported

that exchangeable Cu extracted from Leon fine sand of Californía

with NH,OAc (acidífied to pH 4.8), correlated with cítrus root Cu
+

content (r = 0.807) more significanËly than HrO extractable Cu

(r = 0 .646) when Cu was applied to this soil as CuSO^,1HZO (128).

In the soils of l¡Iest.ern India, a signifícant posítive correlation

was found beLween NHOOAc extractable exchangeabl-e Cu and Ëota1 Cu

exËracted by the newl-y improved Carbamate Procedure (123) . Grer,ral

et a1. (64) also found that responses of maize and wheaL Ëo Cu ín

pot experimenËs \,Ias better estimated using 1 N NH4OAc than a chela-

ting agent or one normal strength acids. Cox and Kamprath (45)

delineated 0.2 ppm NIIO-OAe extractable Cu as the threshold level

for most. soil-s in most places.

Salt solutíons such as 2 N l4gCJ-, (58, 60, 100, 115 , LL6, 170),

0.2 N MSSOO (101), 1 N KCl, I N NH4N03, 1 N CaCl, (146), acidic

K2SO4 solutíon (118) and 1 M (NH4)rCO, buffered with 0.01 M EDTA

(pH = 8.6) (189) have all been used as extracËants to assess the

levels of exchangeable Zn in soils. The upËake of Zn by both mí1let

and corn were moïe closely relaËed to 2 N I49CL, extractable soil Zn

(r = 0.663) than 0.1 N HCI exËractable soil Zn (r = 0.297) or 1.0 N

HCI extractable soíl Zn (r = 0.301) (100). In most cases, 2 N M9CL,

solution rnias deemed to be most suitable of all salts for the deter-

mination of the readily exchangeable native and applied Zn (115' 116).

The amount of soí1 Zn extracted using i N KCl, 1 N CaCl, or
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i N (NH4)rCO, correl-ated as well wíth plant uptake of. Zn as Zn extracted

with 1 N NHrOAc-dithizone procedure (146). The level of Zn, recovered-
wíth acidÍfied solution of KrSOO from soils whích had received Zn fer-

Ëilizers, correlaËed well with agronomic effectiveness of these ferti-

Lizers (118). One mol-ar (NH4),CO, buffered with 0.01 M EDTA was highly

successful in separating deficienË from non-defícient calcareous soils

without destroying soil CaCO, and releasing occluded Zn (178). In most

instances, however, Ëhe amount of Zn extracted with neutral sal-ts and

acidic salt solutions $ras; too small to repïesent adequately the

labile Zn avaíLable to pl-ants (45). In oLher words, planËs are able to

extracË more Ëhan exchangeabLe Zn from Ëhe soí1.

Steward and Berger (170) reported that the level of 2 N l'1gClr-

extractable soil Zn shoul-d not fall bel-ow 0.4 pprn if the optimum growth

of rnilleÈ is to be ensured. Sweet corrì., gror¡irì. on fine sandy loam allu-

vial- soils containíng 0.72 ppm I N NH4OAc-extractab1.e Zn leve1s,

exhibiËed some Zn deficiency symptoms and subsequently responded Ëo

Zn fertiLízation (27).

5 " Dí1ute acíds

DiluËe acids are used Ëo determine Lhe amounts of organicalJ-y

bound micronuËrÍenËs in Ëhe soí1 (100). Full strength acids are not

suitable extractants as they extract micronutrients occluded in maËe-

rials such as CaCO, and hydrous oxides (178). The most conmonly used

acids are 1.0 N and 0.1 N HC1. Horriever, Ëhe amounts of micronuËrients

extracted with HCl vary with soil pH, solution-soil ratio, kind of

soil, climate, and the length of the extractíon period (L25r 178).

Nevertheless, HCl has been found the most convenient and least Ëime-
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consumíng (179) of Ëhe acid exËractants. Generally, dílute acids

better assess planË available soil micronutrienË levels than water

or neuËral salts, but are not as desirable as chelating agents.

Martens (100) found that the organically bound Cu 1evel ín the

soil was best predicted by extraction wÍËh 1-.0 N HCl (r = 0.637).

Yet Fiskell and Leonard (53) found Ëhat after applicatíon of CuSOO

and CuO, 1.0 N HCI extracËable Cu correlaËed less signíficantly

(r = 0.646) with ciËrus root Cu concentration than 1.0 N NHOOAc

(acidifíed to pH 4.8)-extracËable Cu (r = 0.807) and HrO-soluble Cü

(r = 0.668). Other workers consÍdered 1.0 N HC1 as a suiËable Cu

extractånt but found the procedure laborious (70).

Dilute HNO, was also reported by several- workers to be suitable

exËractant of Cu (87, 88, L8l, 182). Copper conËent of grasses cor-

related well wÍth Ëhe level of HNO, extractable Cu ín the soil (87).

The yield of barley, wheaË and oats \nlas decreased if the level of

HNO, exËractable Cu was less than 4.0 ppm HNO, (181). The critical

level of Cu in the soil for grass was 3.0 to 4.0 pprn HNO, extractable

cu (182).

Various \nrorkers have used 0.1 N HC1 to determine plant available

Zn ín soil (18, L9, 30, 44,60, 83, 101, 115, 118, 125, 167, 170, 178,

I79, L97>. Coffman and Miller (44) reporLed that 0.1 N HCl exËractable

Zn Level correlated more highly (r = 0 .822) T,rith Zn concenËraLíon in

Ëhe aerial portion of corn than 0.01 M EDTA + 1.0 N (NH4)rCO, extrac-

table Zn (r = 0.784) but not as híghly as 0.05 N lIC1 + 0.025 N H2SO4

(r = 0.916) extractabLe Zn. MarËens et al. (101) found thaË 0.1 N

HC1 extracËable Zn correlated more highly wít}:. Zn uptake by corn
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(r = 0.562) than soil Ëotal Zn, Aspergíl-Lus niger extractabLe Zn and

0.2 N MeSOO extractable Zn. In certain Maryland soil-s, 0.1N FlCl

exËractabLe Zn leve1 correlated highly with the Zn content of the

aerial portion of corn (r = 0.854) (44) . The level of 0.1 N HCl-

extractabLe Zn correlated better than total soíl Zn wi-th incídence

of Zn deficiency in corn (86) , and r,ríth Zn uptake by corn and sorghtun

(197). However, although the percentage recovery of Zn vüith 0.01 N

FICI- and 0.001 N HCl from soil treated with Zn fertilízers correlated

highly r¡iith effectiveness of these fertilizers, the level of corre-

lation T¡ras not as high as HrO extractable Zn (118), nor did the 0.01 N

HC1 and 0.001 N HCl extractabLe Zn correlate as well as 0.05 N HCI +

0.025 N H2SO4 extracËable Zn wít1n Zn contents of the aerial portíons

of corn and sorghum (197).

Cox and Kanprath (45) reported that the critical levels for

0.1N IIC1 ext,ractable soLL Zn in the literature varied from 1.0 to

7.5 ppm. The amount of Zn extracted T¡rith 0.1 N HCl from Hawaíian

LaxozoLíc soils varied from 0.1 to 17.9 ppur (86). A threshold level

of 1.4 ppn HC1 extracËable Zn separated Zn deficíent from non-deficienË

soils in Kansas (178). In l^lashington, RiËzville fine sandy loâms con-

taining a level 1.6 ppm 0.01 N HC1 exËractabl-e Znwere suspecLed to be

Zn defícÍ.ent (16). In Colorado, sandy clay loam calcareous soil was

Zn deficient at 2.7 ppm 0.01 N HC1 extractable Zn (59, 61). Corn in

Maryland responded to Zn f.ertíLization when soils contained 0.2 pprn

0.1 N HCl extractable Zn and 0.3 ppm 0.05 N HCl plus 0.025 N H'SO4

exËractable Zn (44).



6. Chel-ating agents

I,{ater soluble, exchangeable, and adsorbed, complexed or chelated

micronut.rients are available to plants with the adsorbed, complexed or

chelated pool- being the most imporËanË. The level of thís pool can be

esËÍmated usÍng chelating agents (45) whereas many of the procedures

discussed Ëhus far do noË exËTact this pool. ChelatÍng agents have

advantages over most acids and neutral salt solutions, because Ëhe or-

ganically bound soil micronuËrient,s solubilized by chelatÍng agenËs

can be separated more easily from solids of the soil by filÈration or

by the extraction of the chelaËed metals into organic solvents (186).

Àlso, Ëhe plt of the chelating agents can be maintained more closely to

normal plt of the soil- (45, 186) and undesirable side reactions, such

as attack on carbonates, can be avoided (161 44, 186). Lastly, Ëhe

extracËÍng procedures can be made more selective for specific micro-

nutrient cations (186).

Ethylene diamine tetra acetic acid (EDTA) has been the most

commonly used extractanË Ëo assess the level of the plant available

Cu in soil (13,70,148, 186, 187). Henriksen (70) recommended the

use of 0.02 M EDTA as the least laboríous and the l-east Ëime consuming.

Other invesÈigators recommended both EDTA and DTPA (diethylene triamíne

penta acetic acíd) as good extracLants of soil Cu (iB6). On the other

hand, McGregor (104) considered NarDP as the most suitable extractant

of Cu in Manítoba soils. Cheng and Bray (40) reeornmended citraËe,

EDTA and 1.02 (0.027 M) versanate soluËíon for assessing the level of

plant available soil Cu. Massey (13) found a high correlation betr,ueen

EDTA extract.able Cu and Cu uptake by corn on 34 Kentucky soils. In

25.



noïth-east Scotland, Reith (148) reported significant correlations

between 0.05 M EDTA extractable Cu and yteld response in both field

and pot experiments. viro (i87) found that the leve1 of EDTA ex-

tractable Cu in acidic glacial tilt soils of Finland could be used

to predict the leve1 of plant available Cu for wheat. Grewal et a1.

(64) reporred rhar 0.?2 UEDTA, though not as good as I N NH4C2H302'

r^ias a better Cu extractant than 1N HCI and 1N IINO3.

Cox and Kamprath (45) delineateð, 0.2 llm NHOC,HrO, (pH 4.8)

extractable Cu¡ arrd 0.75 pprn 0.5 M EDTA extractabie Cu as threshold

levels of Cu in soils. Reith (148) reported 0.75 ppm 0.05 M EDTA

extractable Cu as the critical level of Cu in north-east Scotland

for the growth of oats and barley. The 1eve1 of 1.3 ppm NarDP

extractable Cu'in certain Manitoba soils may imply Cu deficiency

(104). Several soil testing laboratories in the United Stdtes use

the DTPA method of Lindsay and Norwell (94) for estimating the plant

avaílable 1eve1s of soil Cu, Zn, Fe and l'fn. The North Dakota Soil

Testing Laboratory assumes that the critical level for DTPA extrac-

table Cu is 0 I 2 ppm (46) .

26.

The most commonly used sequestering agents to assess the level

of plant available soil Zn are DTPA (14, 16,30r 47' 55, 90, 95, 104,

186), EDTA (30, 47,178, L7g,186, 187), dithizone (T7,18, 19,30,

83, 100, 103, 128, 138, 148, 158, I79) and NH'OAc-dithizone (6, I54,

158, 161, l7O, 186). However, of all these chelating agents, DTPA

is most often reconmended as the besË Zn extractant (14,16, 30, 55,

90, 95, 104) because it can be used to assess the level of available

Zn in fertilized and unfertilized soíls (55), the pH is most easily
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controlled (186) and ít can be used to extract Zn simultaneously with

Cu, Fe, and ì,ln (95, 186). Brown et a1. (30) found thaË DTPA extract-

able level- of Zn predicted 837" of Zn responses in s\,leet corn on 92

Californian soils whereas, on the same soils, the NaTEDTA extractable

Zn level predicted 727" of Ëhe responses. The figures for 0.1 N HCI

and dithizone T¡Iere 737" and 797. respectively. The leve1 of DTPA

extractabLe Zn correlated highly wiËh the Zn uptake by corn grown on

certain soils of Colorado (r2 = 0.97) (OO¡. Recovery of Zn with DTPA

from soil fertlLízed wíth Zn an:d cropped consecutívely with corn and

oats suggested thaÈ DTPA soil Zn test may be useful for monit.oring the

residual effects of Zn fertil-izers (14' 55). More recenËly, McGregor

(104) for:nd DTPA (pH 8.0) to be the best extractant for predicting the

available 1evel of. Zn in Manitoba soils, and Brown et al. (16) reported

that 0.005 M DTPA extractable Zn besË predicted the amount of Zn avail-

able to sT¡ieet corn fron Zn f.ertiLizers. Ethylene diamine tetra acetic

acid (EDTA) has been reconrmended as a promising alternative to DTPA.

Viro (187) found thaË the 1eve1 of EDTA exLracËable soil Zn of

acidíc ti1l soils of Fínland could be used to determine the leve1 of

Zn avaLLable to vrheaË. Dolar et al. (47) teported that 0.01 M EDTA

\^Ias very useful for assessing available Zn in trnlisconsin soí1s.

TrÍeweiler and Lindsay (178) found that EDTA extractable soil Zn

correlated very highly r,ríth plant uptake of. Zn. In cerËain calc'areous

soils near Jerusalem, 0.2 T'l' NaTCaEDTA \¡las very useful in predictíng

the 1evel of available soil Zn (146). However, Coffman and Miller

(44) found that 0.01 M EDTA buffered with 1.0 l'{ (NH4)rCO, was imprac-

tíca1 for avaílabLe Zn test in 12 soils of Maryland treated and
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untreated \,üith ZnSOO because the soil Zn level from this procedure

r,/as not highly correlated with Zn concentration in corn shoots. Also,

0.01 N EN (ethylene diarnine), 0.01 M NaTEDDIIA, and 0.02 M NaTCDTA

proved to be as suitable as EDTA in calcareous soíls near Jerusalem

(L46). Acetic acid was also found to be as effective as EDTA, but

less rapíd and not as conveníent as the EDTA procedure (187).

Dithizone was found in some instances to be more convenient than

both the EDTA and acetic acid procedures (179). Brown et al. (30)

formd that dithizone exËractabLe Zn predicted 797. of. t1ne Zn responses

in sweet corn on a nr:mber of soils in Californía whereas on the same

soíls, 727" and 737, of the Zn responses rnrere predicted bV NaTEDTA

extracËable Zn and 0.01 N HC1 extractable Zn, respecËively. Þlartens

et al. (101) found Ëhat in l^Iisconsín soils dithizone extractabLe Zn

correlated more highly with Zn upËake by maize (r = 0.696) tlnarr Zn

extracted by the 0.01 N HC1, Aspergillus niger, tota1, and 0.2 M

MgSOO procedures. Massey (103) also reported a high correlation

between dithizone extractable level of soil Zn and Zn uptake by corn

whereas no posítive correlaËions were noticed with other extractanLs.

Extracting solutions containing díthizone buffered with 1.0 N Ca(0Ac)r,

1.0 N NIlr,OAc, 1.0 N NaOAc and deionized H.0 were for-rnd to be equally+'z
suitable extractants for soiL Zn (138). The leve1 of 1.0 N NHOOAc-

dithizone extractable Zn predÍcted best the 1evel of Zn uptake by

plants and available leveL of. Zn on certain calcáreous soils near

Jerusal-em (146).

A host of critical 1eve1s have been delineated for Ëhe various

chelating agents. Boawn (14) has proposed 0.8 pprn DTPA extractable
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soLL Zn as the critical level for Zn sensiËive crops grown ín I,{ashing-

t.on soils. After reviewing the results of many researchers, Cox and

Kamprath (45) proposed a critical 1eve1 of 1.0 pprn DTPA + ßaCL,

(pH = 7.3) extractable Zn for calcareous soíls. In . research

involvíng 92 soils ín California, sT¡ieeL corn responded to Zn fertil-í-

zatLon Ln B0% of these cases in r^¡hich the DTPA extractabLe Zn was l-ess

than 0.5 ppt (30), however, s\nreeË corn did not respond to applied Zn

in soils containing more than 1.35 ppm DTPA extractable Zn. In

ManiËoba, soils containing less Ëhan 1.3 ppur DTPA extractable Zn were

suspected of being deficient in Zn for flax and soíl-s containing less

than 0.8 ppr DTPA extractable Zn were Zn deficient (104). The North

DakoËa Soil- Testing Laboratory delineated 1.0 ppm DTPA extractabLe Zn

as the critical- level for Zn sensitive crops such as corn ' potatoes

and field beans (40¡. The reporËed critical levels for Zn extracted

r^ríËh EDTA buffered \^rith (NH4)rCO, varied between 1.4 to 3.0 ppm.

Coffman and Miller (44) found yield Íncreases with corn gro!fir on

Maryland soils containing 0.1 ppm extracted with 0.01 M EDTA buffered

with 1.0 M (NH4)rCOr. Sweet corn responded to added Zn ín 7L7" of. t}]le

insËances in which soils contained less than 1.25 NaTEDTA extractable

Zn. Responses to added Zn occttrted in 86% of. Ëhose insËances Ín which

the dithizone extractable Zn level- was less than 0.55 pprn in experi-

menËs involving 53 Californian soils. In the same experíments, there

\¡rere no responses to Zn in 767. of those instances in r,rhich the dithÍ-

zone extractable Zn 1evel hras greaËer than 0.55 ppm (I77). Brown et

al-. (28) reporËed that sweet corn responded Lo Zn on Californian soils

containing less than 0.55 pprn diËhizone extracÈabLe Zn; buL s\¡ieet corn
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did noË respond to Zn on soils containing more than 1.3 pp* dithizone

extractable soil Zn (30). After reviewing the results of many resear-

chers, Cox and Kamprath (45) found that the critical level of. Zn

usually varied beÈween 0.3 and 2.3 ppm when exËracËed lrith dithizone

buffered with NHOCZHZOZ. Less than 0.2 ppm 1.0 N NHOOAc-diËhizone

extractabLe Zn in fine sandy loam of Ìüashington ímplied Zn deficiency

in those soils (iB).

?.,; PLANT ANALYSIS

Chemical analysis of plant tissue for micronutríents and cali-

bration T,riËh yíé1d response, uptake and deficiency symptoms ís ofËen

superior to soil testing, partÍcularly for deciduous trees, fruÍts

and citrus (186). Crop nutrition can be controlled by a combinatíon

of soil tesËing and foliar and root analysis (24r 53, L45, 186).

An attempt is made in plant analyses to determine for each crop

the mícronutrient level in the same plant part and at the same level

of maturi.ty, because plant critical 4.évels not only vary âmorlg crops

and among sets of environmental conditíons but also among plants and

with age. For cereal- crops, the entire aerial porËion of the plant

just prior to heading is often taken for analyses. In corn, Lhe ear

leaf is sampled at silking. For all crops, iË ís imporËant to sample

before the plant begins its reproductive stage of growth and Ëo take

only líving tissue. Micronutrient concentraËions often decrease sub-

stantÍa1ly as the tissue becomes older. IË is also imporËant Ëo

include numerous subsamples in a sample.

Suffíciency rånges or critical levels for Cu and Zn conceritrations

in plant material are srnnmatÍzed in Tables 3 and 4.



CROP PARTS AND GROi^ITI{ STAGE

All p1-ant {
leaf tissues t
trLfollate leaves of soybean
harvested príor to podset

soybean leaf tissue
wheat shoots

wheat shoots prlor to headlng

shoots of wheat, barley and oats

ear leaves of corn at tasseling
ear leaves of corn

ear leaves of corn

corn leaves at tasseJ-l-ng

TABLE 3

TYPTCAL' SUFFICIENCY OR CRITICAL LEVELS OF Cu CONCENTRATTON IN PLANTS

LOCATION

shoots of. aLf.aLf.a

shoots of alfalfa
shoots of. aLf.aLf.a

roots of young orange

roots of young orange

shoots of elght week old

shooËs of clover
legumes

graeS tfssue

Georgla

N. Caroll-na

Ohio

KIND OT' SOTL

several major soils

calcareous

sandy soils
several solls

Kansas

Kansas

CONCENTRATION
RANGE

(green house)
New York

Florlda
f l-ax Manf toba

Tl-orlda

Fl-orlda

Florlda

5.0-20.0
4.0

1 I .0-45 .0

5.0

3.0-3.8
5.0

5.0

5.0

4.0-s.0
4 .0-s .0

5.0

1 .0-2 .0
5.0

5 .0-14 .0

5.1-9.6
5.0-12.1

3.0-5.0

6.7

2.0-3.0
L7-12.3
1 .0-2 .0

2.0-4.3

New Jersey

peat

mineral

calcareous

NATURE OF

Ëypical
critícal

typical

critical
suffíciency
crítica1
critical
critical

deficiency
sufficiency
critical

defícíency
critical

suffícíency
deflciency
sufficlency

critical

sufficiency
defÍciency
typical
typÍcal

typical

GE

sandy soÍls

REFERENCE
NI]MBER

calcareous

sandy

sandy

sandy

sandy

sandy

1, 82
1, 82

4

133

199, 200

r06

106

106

5B

58

133

106
106
106

67

67

53

24

104

53

53

53



CROP PARTS AND GROWTH ST

I
all vegetatÍve plant tissues 

{

upper fully developed trífoliate
leaves of soybean príor to podset

leaves of soybean at maturitY

stems of soybean at maturitY

pods of soybean at maturiËy

wheat vegetative tissue (variety)

shoots of wheat, barLey and
oats aË heading

shoots of wheat, barley and
oats at headíng

TABLE 4

TYPICAL, SUFFICIENCY OR CRIT]CAL LEVELS OF Zn CONCENTRATIONS IN PLANTS

LOCATION

upper leaves of Saturn rice
at þaníc1e differentiation
ear leaves of corn

ear leaves oÍ corn

corn.shoots
alfalfa tissue
aLf.atr-fa tissue
shoots of eight week old flax
shoo ts of rnillet
vegetative tissue of plants

Georgia

KIND OF SOIL

India

Ohio

major soils

CONCENTRATION

Louísiana

Maryland

mineral latozolíc

several soíls

sandy loam

mineral soils

calcareous

RANGE

25 .0-150 .0
20.o

400.0

42.0-49.0

45.0

19.0

40. 0

4 .2-28.3

10. 3-10 .5

15.0

22.0-32.0

to.2-26.6
i5 .0

15 .0

4 .0-6 .0

7.0-30 .0

13 .0

28.2

10 .0

l.iisconsín

California
California
Manitoba

Wisconsin

New York

m)
NATI]RE OF

RAÑGE

typical
crítica1
toxic

typical

typícal
typical
typical

deficiency

typíca1

crítical

typical

deficiency
critical
crltacal
critical

sufficiency
critical

sufficiency
crítícal

calcareous

calcareous

calcareous

calcareous

calcareous

clay loam

REFERENCE
NUMBER

B2

82
82

4

82

82

82

160

185

106

155

44

106

170

L7

T7

104

170

107
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The normal range of Cu concentration in vegetative planË tissue

is 5.0 to 20.0 ppm (dry weight basis); and Cu concentrations of less

than 4.0 ppm and above 20 ppn imply deficíency and toxicity' respec-

tively, in mature leaves (1, B2). The range of Cu concenËration of

the upper fu1ly developed trífoliate leaves (without petioles) of

soybean, groÌ,rn on several major soíls in Georgia and harvested prior

to podset, \^ras 11.0 to 45.0 ppm (4). Oplinger and Ohlrogge. (133)

consídered the soybean leaf tíssue containing less than 5.0 ppn Cu

to be Cu defícient.

A range of 3.0 to 3.8 ppm Cu concentratíon in the aerial portíon

of wheat was about suffícient for the nutriËíonal needs of wheat grown

in soils of North Carolina (199, 200), as indicated by the analysis

of these p1-ants sampled prÍor Ëo heading. I{heat ín Ohio was reported

to be Cu deficient when the shoots, analysed just prior to heading'

contained less than 5.0 ppm Cu (106). Mosted, Motto and Peck (106)

found Ëhat wheaË, barley and oat shooÈs containing less than 5.0 ppm

Cu were deficient. in Cu.

Corn ear leaves containing 1-ess than 5.0 pprn Cu at tassellíng

were Cu deficient (106). Copper defíciency lüas observed in corn on

peat soils when the Ëissue concentration ranged from 4.0 to 5.0 pprn.

On Ëhe other hand, corn groT¡/rl on mineral soils did noË exhibit Cu

deficiency symptoms when the Ëissue contained 4.0 Lo 5.0 pprn Cu (58).

Hudson (53) noted that Cu concentration in leaf tissue of corn T¡ias as

high as 20.0 ppro. Oplinger and Ohlrogge (133) reported that corn,

containíng less than 5.0 ppur Cu in leaf tíssue' vÍas Cu deficient.

Concentratíons of 1.0 to 2.0 ppur Cu, 5.0 ppm Cu and 5.0 to
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14.0 ppur cu in aLf.aLra shoots were regarded as defícíenË, critical

and adequaËe leve1s, respectivel-y (106). GupËa and MacKay (61¡ con-

sidered a range of 5 " 0 to 12.1 ppm in alfalfa Ëissue as the optimum

for plant growth. 0n the other hand, Viro (135) reported that on

certain New Jersey soils, alfalfa containing between 5.1 to 9.6 ppur

Cu was Cu deficient.

Young orange trees exhibíted severe cu deficiency when the con-

centration of Cu in the root \^ras less than 3.0 ppn. Moderate Cu

deficiency r¡/as noticed in these plants when the Cu concentration in

their rooLs varied between 3.0 to 5.0 pprn (53). Bram and Fiskell

(24) felt that a root Cu concentration of 6.7 ppm r¿as sufficíent for

the nutritional needs of Mandarin orange ("itr"" r"ti."f"d gro!üu.

ín Florida.

l4cGregor (104) suggested that eight week o1d flax plants, gror/,7n

on sandy soils in Manitoba, were Cu defícient when the Cu concentra-

Ëion ín shoots was 2.0 and suspeeted of being cu deficient r¿hen the

Cu concentration was 3.0 ppm.

Fiskell and l,eonard (53) reported Ëhat Cu concentratíon in clover

from clover-grass mixtures usually varied from 1.7 to 12.3 ppm but was

as high as 20.0 ppm. rn the grass Lissue from clover-grass mixtures,

Cu concentrations varied from 2.0 to 4.3 ppn.

Ranges of 8.4 ,to 13.2 ppn Cu and 2.3 to 2.5 ppm Cu were consid-

ered optimal for spinach vegetative tíssue and Hudson barley kernels,

respectively.

The normal range of Zn concentraËíon in vegetative plant Ëíssue

is 25.0 to 150.0 pprn. Concentrations of less than 20.0 pprn or over
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400.0 ppm usually ínply the plants are defícíenË or toxíc, respec-

tively (AZ¡. As with Cu, planË Zn concenËrations and Ëhreshold

level-s vary with genotype, plant parts, soíl, and stage of growth.

Anderson et al. (4) reported the Zn conceÍrËratíon of Ëhe upper

fully developed trifoliate leaves of soybeans (petíoles removed)

just príor to podset on several major soils ín Georgia as 42.0 to

49.0 ppm. Jones (82) reported that the Zn concenËrations in the

leaves, stems and pods of soybeans aË maturity were 45.0, 19.0 and

40.0 ppn, respectively. l.{elton eË al-. (107) noËiced that the growth

of pea bean was depressed due to Zn def.icíency when Ëhe shoot Zn

coricentration was less than 20.0 ppn.

Skulla and Raj (160) observed that the concentratíon of Zn ín

Zn defLcilent wheat vegeËative tissue on soils in India varied from

4.2 to 28.3 ppn among wheat varieties. On the other hand, VieÈs

eË al. (iB5) reporËed that leaves of wheaÈ, barley and oats aË head-

ing stage contained between 10.3 and 10.5 regardless of whether the

plants were fert.ilízed with Zn or wheËher Èhe soil was deficienË in

Zn (iB5). Mested et a1. (106) reported that a concentration of less

than 15.0 ppn Zn ín the aerial porËion of wheat, barley and oats

implied thaË these crops were defícíent in Zn.

Sedberry et a1. (155) reported that Zn concentTations ín the

upper leaves of "Saturn" Tíce at panicle differentiation were 22.0

artd 32.Orppm, when grorrrn on cerËain Louisiana soils t.reated with

0.0 and 35.8 ppm &gZg6¡^*respectively.

Th,e Zn concentration in Ëhe ear leaf of corn on cettajr- Zn

def icient soils in Maryland varied from 10 .2 to 26.6 ppm. An applí-
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cation of 1.25 ppm Zn to these soils nearly doubled Ëhe dry matter

yield of the corn plants (44). Mested, I,lotto and Peck (106) reported

that a Zn concentration of less than 15.0 ppn Zn in the ear leaf of

corn indicaLed that the plant was Zn deficient (106). On certain

tr'Iisconsin soils, corrr shoots, containing less than 15.0 ppm Zn,

exhibited Zn deficiency symptoms and responded to Zn fertíl-izatíon

(170). However, Massey (103) reported thaÈ the Zn concentration ín

corn plants gror'in in solution containing low level of Zn was as low

as 8.0 ppm, yet the plants never exhíbited deficiency symptoms (103).

Boawn æfd a.lj.e {å71)îþlnopoqeds &hafu{irL Þoqcre-ndariart:j¡lÉroúaniæ%e9fuÍ

4.0 to 6.0 ppn and 7.0 to 30.0 ppm in alfalfa as critícal and ade-

quate, respectively. In a green house experimenË on several ManíËoba

soils (104), eight week old fJ-ax planËs conÈainíng less than 9.0 pprn

Zn were moderately Zn deficient. , Plants vrere suspected of Zn defi-

ciency when containing l-ess than 13.0 ppn Zn.

SËeward and Berger (i70) found that the shoots of nillet on 42

soils of l^Iisconsin conËained an average of 28.2 pprn Zn ar'd that thís

level of Zn enabled Ëhe ¡nil-let plants to grow satísfactorily without

Zn addiËion.

Unlíke the behavior with Cu, grasses and legumes conËained

similar levels of. Zn which ranged from 15.0 to 40.0 pprn (106).

(T) EFFECT OF TYPE, RATE, AND METHOD OF PLACEMENT

OF Cu AND ZN FERTILIZERS ON THEIR EFFECTIVENESS

The numerous research fíndíngs presenËed in this section can

perhaps be better underst.ood íf i,ie firsË díscuss in some detaíl the

various fact.ors affecting the effectiveness of a micronutrienË
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fertlLizer. These factors ínclude fertilizer solubil-ity and mobilíty,

the solubility of the reaction products formed, ferËilizer granule

síze, rnethod of placement, shape of Lhe root system, ability of the

root per unit weight to grow into Èhe soil area containing the fer-

Ll1,í-zer and ability of Ëhe rooË per uniË weight to take up the

micronutrient.

SolubiliÈy, meËhod of placement and granule size are perhaps

the most importanË factors affecting the effectiveness of micronu-

ÈríenÈ fertilizers. The order of relative solubility and nobil-íty

from the greatest to the least is (a) organic chelates, such as

EDTA, (b) organic non chelatesr;su'êh as polyflavinoid, (c) soluble

inorganic compounds, such as ZnSOO.THZO and CuSOO.5H20, and

(d) sparingly soluble and insol-ubl-e inorganic compounds, such as

oxides, frits and phosphates. Methods of placemerit would have little

influence on effectiveness of mÍcronutrient fertilizers if micronu-

trienË fertlLLzers \¡rere as mobile as chelates whích have about the

same avaílabilíty regardless of meÈhod of placement. However, one

j.mportant elemenË, the cost, mí1it.ates against universal usage of

chelates. Sulphates, alËhough rather soluble, form insoluble reac-

tion products when applied to Ëhe soil and therefore behave similarly

to the oxides, frits and phosphates. Factors such as meËhod of

placement very greatly ínfluence the effectÍveness of inorganic

micronutrient carriers. This facË and the high cost of chelaËes

makes it necessary to fully understand the effects of facËors such

as placemenl or distribution and granule size on the effectiveness

of inorganic micronutrient ferËilizers.



methods are tailored tov/ards securing the greatest efficiency.

other r,¡ords, the plant roots must come ín contact with applied

micronutrient fertiLLzer in order that its eff,ectiveness be realized.

If the fertlLizer is not in the form Lhat can move to the roots with

soil water, the micronutrients must be placed in the most active root

zotte aTea. Distribtrtíon is particularly critical at minimal applí-

cation rates. Generally, micronuLrients placed in the soil above the

root system are of little va1ue. The materials must be placed where

plant roots can make .maximr¡n contacL.

l"ficronutrients are applied in small amoúnts, and placement

For sulphates \nihose reaction producËs are insoluble, one might

expect banding andfor the use of large granules would be the most

efficient method of application, sínce this would cut dor¡n the sur-

face area. of contact betr¿een the fêrtil-izer and the soil such that the

reaction products would not form readily. llowever, part.icillarly for

calcareous soils, finely grínding the materíal and mixing thoroughly

throughouË the suïface soíl is often Ëhe most efficient. Two oPPo-

sing factors are very important in this instance. Although banding

would cut dor,¡n the formation of insoluble reactíon products and

increase cheurical availabílíties, increasing the surface area of

contact between roots and mícronutrient fertilízeï through finely

grinding and thoroughly mixing with the soil appears to be more im-

portant. If the root prolÍferation ínËo micronutrient band r¡lere veïy

pronounced, then sulphates could be most efficiently applied in bands

to calcareous soi1s. But apparently, many crop specíes are not able

to do this.

38.
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Good disËrÍbutÍon is parLicularly irnporËanË wíth water ínsoluble

or sparingly soluble inorganic micronutrienË materials such as oxides,

frits and phosphates. T^IiËh these materials, particle size ís likewíse

critical. These materials must be fínely ground in order to íncrease

the surface area of contact between plant root.s and the micronutrient

fertiLizer. The best results are achíeved with r,raËer insoluble or

sparíngly sol-uble inorganic fertilizers on boËh acid and calcareous

soils when they are app1ied in powdered form or in very fíne granules

and mixed thoroughly with soil of the rooË zone. This is more impor-

tant on calcareous than on acid soils.

Some research fíndings indicated that HrO-insoluble inorganic

materials \¡rere most effective on both calcareous and acid soils when

granulated and/or banded. However, some other more recent experimen-

tal evídence índicated Ëhat HrO-soluble inorganíc micronutrient

f.erx|LLzers are most effective when pulverized and thoroughly mixed

r¡iËh the soíl. Fertilizer carriers of l"Ín and Fe, of course should

not be applíed directly to the soil buË as foliar sprays because they

form extremely insoluble reacËion products.

l.) i¡t; ORGANIC Cu AND Zn FERTILIZERS

MeËal organic chelate complexes are quite soluble even at hígh

pHts, and can be taken up by plant roots. fn addition Ëo Ëhe high

solubílity of such compl-exes, they are very sLable (do not ionize) so

Ëhat they retain Cu and Zn ín soluble form permittíng Ëheir absorpËion

by the roots yet preventing Ëheir conversion to insoluble compounds

such as hydroxides (92, 104, L77). Method of placement and the mácro-

nutrients or mícronutrienËs fertilizers with which Cu and Zn chelates
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are appl-íed have much less influence on their effectíveness than

those factors have on inorganic Cu and Zn sources.

ChelaËing agents without the metals are usually noÈ effective

in correctíng micronutrient deficiencies because they ofËen compete

r,rith roots and soils for micronuËrients (190). For exampl-e, addi-

tion of barnyard manure to Brookston soil produced chelaËing agents

whích iururobil-iz.d Crr*2 ions and decreased biological avaÍl-ability

of Cu to corn and soybean (109, 1$0). On the other hand, tr{al-lace

and Mueller (194) found that NaTEDTA dddéd to the soil r'¡ithout the

metal Zn increased the specific activities of. Zn in corn, cotton and

beans. Chelating agents are someÈímes susceptíble Ëo mícrobíol-ogical

attack, thus affecËing their usefulness in the soi1s. tr{allace eË al.

(193) suggested, therefore, that Cu ar'd Zn polyamino-polyacetates

whích are resistant to microbiological decay mighË be useful as fer-

LlLizers.

Tísdal-e (L77) recommended the use of CuDTPA' CUCDTA, CUEDDHA'

Cu sulfonates and Cu polyflavinoids as soil applied fertiillrzers at

rates of 1.0 to 6.0 kg Cu per ha, or as foliar sprays at considerably

lower rates. Ì4cGregor (104) reported that NaTEDTA was the best source

of Hr} solubl-e Cu and that it $Ias more soluble ín cal-careous soils

Ëhan in non-calcareous soils. I^lallace and Mueller (195) for:nd that

5.0 ppm Cu applied as CuEDTA to loamy soils near Los Angeles resulËed

in higher levels of Cu in bush beans t1nar' 25.0 to 50.0 ppn Cu applied

as CUSO, " 5H^0.+¿
The most semmonly used Zn organic chelate is ZnEDTA. Nr:merous

workers have found it and other Zn cheLates far more effectíve Ëhan
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Ínorganic sources. Tisdal-e (177) recommended ZnDTPA, ZnEDDIIA,

NaTZnEDTA, ZnCDTA, NaZnNTA (Zn = 13.0%), NaZnHEDTA (Zn = 9O%) eiËher

as folíar or soil applied fertilizers. However, treating the seeds

with these compounds was not very successful. KatøbSLr and Racz (84)

recommended ZnEDTA over ZnSOO. After 32 weeks of laboratory incuba-

tion, the HrO soluble Zn concentration in soils treated with ZnEDTA

was much higher than those treaËed with ZnSOO. McGregor (104) recom-

mended NaTZnEDTA as the besË Zn ferEiL|zer because if l,ras found more

sol-uble than inorganic sources particularly on calcareous soils.

Boarvn (15) found Éhat ZnEDTA broadcast and ploughed down was more

effecËive in correcting Zn deficíency ín bean plants than ZnSO 
4.7HZO

applied in the same manner. Zinc EDTA, banded prior Ëo planting'

T{as more effective Èhan ZnSO h.7HZ0 applied ín the same mar}ner. Band-

ing ZnEDTA prior Ëo planting of beans and leaching the soil with

sprínkler irrigation \¡Ias highly effectíve source of Zn (15) for fu6¿ii"

whereas ZnSOO.7H.} applied in the same manner had no effect. Holden

and Brown (75) found in the green house research Ëhat ZnEDTA increased

Zn concentration in alfalfa twice as much as ZnSOO in neutral soil

and up to síx times as much in calcareous soíl. Judy (83) observed

in the field and in greenhouse sËudíes that Lhe dry'matter yield and

Zn uptake of beans were higher on calcareous soils treated with

ZnEDTA than when treated with ZnSOO. MacGregor et al. (gS) found in

Ëhe greenhouse experiments that dusting corn seeds with NaTZnEDTA

had no significant effecË on leaf Zn level or on annual grain yíeld

but increased total corn grain yield over a fíve year period. I,rlallace

and Romney (191) noticed Ëhat ZnEDTA was more efficient than ZnNTA
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¡,lhich in turn \¡ras more efficienL than ZnSO* in íncreasíng Zn uptake

by Golden Cross bantam coïn in pot culture studíes with Dinuba fine
5

sandy loam. I'foreover, ZnEDTA r^¡as found to be 3 x 10- times more

sËable than ZnNTA. However, ZnNTA increased colll yield more than

díd ZnEDTA. In field studies with sÍx forest and savann¿¡ incepi-

sols of Western Nigeria, Osíname et al. (134) reported that NaTZnEDTA

broadcast and incorporated in N-P-K fertilizers, at the rates of 0.0,

1.0, 2.0, 4.0, and 8.0 kg Zn/|ra bef ore planting, increased yield

respon.se tO Zî on savannah grassland soils but no response was ob-

served in forest soi1s. .sequestrine, (tiArZn L57" Zrr), incorporated

into Ritzville fine sandy loam in trIashíngton with N-P-K fertilizers,

was more readily utílized by Red Mexican beans than ZnSOO applied ín

the same manner

Usual'ly, the.method of placement and method of íncorporation

into other micronutrient or macronuÈrient fertilizer have little

effect upon tLe availabílity of micronutrienf chelates. For example,

Richards Í149) reported that NaTZnEDTA, NaZnHEETA and ZnNTA incorpor-

ated into granular mixed fertilizers, remained HrO soluble in soils

whether mixing was prior to ammoniation or afteï; or whether the Zn

chelates were coated on these fertílizers, r^Ihereas a1l inorganíc Zn

sources remained .soluble in the soil only when they were incorporated

into N-P-K ferËílizer caîîLers after ammoníation oï when coaLed onto

these ferËilizers. Schnapinger (152) found that ZnEDf¡., ¡roadcast on

Norfolk loamy fine sand at the rates of 1. L2 kg Zn/ha gave corn the

highest grain yield vrhereas neither ZnDTPA nor ZnSOO appl

soil surface nor ZnEDTA sprayed on the leaves increase
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yíeld. Thís ímplied that ZnSOO and ZnDTPA applied to soil surface was

not mobile. Boawn eL al. (18) found thaX 2.0 ppn Zn íncorporated into

fine sandy loam as ZnEDTA Ëogether with 20.0 ppn P as KTHPOO was more

readily uËilized by Red Mexican beans Ëhan Zn added as ZnSOO,THTO in

the same manner. Jackson et al. (80) found thaË ZnEDTA remained HrO

soluble in N-P-K carriers which oËherwíse have a large capacity to

inrnobilize free Zn ions. In one greenhouse pot experiment (112), 2.07"

Zn as ZnEDTA, incorporated into the soil with arnmoníaÈed macronutríent

ferxLLízer carriers, increased forage yield ar^d Zn uptake whereas

ZnSOO arrd Zrr1 applied in the same manner did not. In oËher greenhouse

studíes, Morruedtii and Giordano (117) found ZnEDTA the most effii.cient

Zn source when granulated with N-P-K fertilizer carrier or when applied

to the soil a1one. The effectiveness of ZnEDTA was sígnificantly

higher Ëhan that of Rayplex Zn whether applied alone or with (NH4) 
2HPO4.

However, the solubility of ZnEDTA was 100% in soil when coaËed on gra-

nulated micronuËrient fertíLi.zer together with l"InSOO but the solubility

decreased to only 40% wlnen coated on the macronutrient carriers together

with MnO (5t¡. Finally, the solubility decreased to only 10% when the

ZnEDTA was incorporated ínËo granular N-P-I( fertilízers before addition

to the soi1.

Rasmussen and Boar¿n (145) found Zn poLyf.Lavinoid superior to

ZnEDTA and ZnSOO as seed treatment for beans. However, both ZnEDTA

and Zn polyflavinoid did noL supply enough Zn Lo meet ZrL requírements

of beans. More uniform maturity resulted when seed Ëreatment was used

in conjuncËion with soil and foliar applicaËion with ZnSOO.7HZ0. Brown

and Krantz (26) in several greenhouse exPeriments, reported that
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Rayplex Zn, an organic complex, T¡ias as effective as ZnEDTA and reagent

grade ZnSOO.7H20 for correcting Zn deficíency in s\^reet corn when tho-

roughly mÍxed wiËh soil, hovrever, its effectiveness decreased consid-

erably relatíve to the ZnEDTA when banded under the seeds or when

applied in granulated form.

2.; ,:. Cu AND Zn S1ILPHATES

Chelates are approximately five Ëimes more effective than sulphates.

Nevertheless, sulphaËes ate far more commonly used because of their cost.

ChelaËes would have to be 10 times as effective as inorganic sources

(113) to compete with them on an economic basis.

The use of CuSOO.5H20 (25.57. Cu, I2.8i¿ S) has been recorunended (I77)

for either foliar or soil application because of its high so1-ubílity. In-

corporation of Cu with the soil at rates of 7.0 to 14.0 kg Cu per ha as

CuSOO should provide adequate Cu for several yeaïs on most soils. How-

ever, when banded wiËh the seed, these rates should be decreased to

prevent possible plant injury. Fiskell (53) indicaLed Èhat Cu concen-

tration in Ëhe roots of citrus t.rees grovrn on Leon fine sand incressed

proportionally wíth the amount of CuSOO.5H2O, whether placed in the

planËing hole, broadcast around trees, or foliar applied. Cauliflowert

spínach, barley, timothy and al-fa1fa in greenhouse studíes on some

podzolic soils of Prince Edr.rard Island did not respond significantly

Ëo CuSO,.5H^0. However, plant tissue Cu conËent of barley, straw and4Z
spinach increased by about 4007" ar'd 507., respectiveLy (67). Mixing

CuSO,.5H"O \,ríËh a silty clay loam at the ïates oÍ. 22.4 to 44.8 kg Cu/ha
t! ,/

increased both leaf Cu concentrations and dry matter yields of corn and

soybean by np to 12.07. and 14.07", respectively, at five locations on
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calcareous soils (133). Pack et al. (135) found that application of

CuSO,.5H.0 increased yields and Cu concentrations of red clover and+¿
wheat shoots on certain New Jersey mineral soí1s but depressed Ëhe

yields of clover on peat soils.

Srníth et al. (135) observed Èhat CuSO4.5H20 was highly mobile ín

the subsoíl of the highly leached l,akeland fíne sand ín Manítoba,

whereas retention of Cu broadcast as CuSOO.5H20 was high particularly

when pH and organic matter l-evel-s of the surface soils were hígh. This

inplies that the loss of Cu on acid sandy soils may be greater when

CuSO,.5Ii^0 is mixed with soil than when Cu is broadcasË on the surface.4¿

On the other hand, both fiel-d and greenhouse studies have índÍcated

considerable residual effects of CuSO 4.5H20 on yield (169).

One musË avoid addÍng too much Cu. Plant Cu concentrations need

not be very high before toxic effects resul-t. For example, tobacco

seedlings exhibited external chlorotic symptoms and internal toxic

effects when grown on quartz sands treated wiËh 0.32 and 0.64 ppn Cu

applied as CuSOO.5HZ0. Dry matter yields of the entÍre tobacco seed-

lings were highest at 0.04 and 0.08 ppn and lowest at 0.32 andO.64

ppm Cu (L72).

YounËs (199) found Ëhat CuSO4.5HZ0, CuSOO.3Cu(OH), and CuEDTA

\^Iere equally effecLive for wheaË on mineral soils of varying organic

matËer levels. In field trials, Gnilískaya (63) found thaË dusting

of corn seeds with CuSO4.5H20 at concentration of 300 ng Cu/ha of

grain íncreased grain yields, grain protein and grain st.arch contents.

Application of CuSOO.5H2O with N-P-K fertilizer '\tas also reported

suitable.
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Mineral soils are usually not as Cu deficient as organic soils

but o.ccasÍonally sandy acídíc mineral- soils respond to Cu. Heavier

mineral soils such as clay loam have also occasionally

responded to Cu application. Organic soils are often very defícíent

in Cu. tr'or insËance, Campbell and Gusta (37) reported that an addi-

tion of CuSO,.5H.0 Ëo Vívian peat deposits in Manitoba increased the42
yield of carrots by about 6.2 tons/acre and improved the quality of

oníons. Carrots, onions, spinach, caulíflower and letËuce grorrlL

successfully in paíls of virgin sphagnum peaty soils, limed slightly

to pH of 5.0, responded significantly to Cu applied as CuSO4.5H2O

(ee).

for vegetable, field and fruit crops (I77). A newly devel-oped Zn

ferLLLízer Zn-Fe- (NH4) 
2SO 4, ZuSO 

O.TIZ0 , ZnSO 0.7H20 and ZnSOO . qZn@H) 
Z

are also recommended for both foliar and soil appl-ication (113, L77)

because of Ëhe relative solubilities. Usually sulphates are more

plant available Ëhan other inorganíc sources. For example, the uptake

oÍ. Zn by various grasses in the greenhouse r^7as in the order ZnSOO Þ

ZrrOTZr,S (175). In a similar field trial (20i), the order was

ZnSO47 ZnO = ZnS.

It was mentioned at the beginning of Ëhe section on relative

effectiveness of Cu and Zn LerLíLízets that placement meÈhod influ-

ences greatly the efficiency of some micronutrienË fertíLtzers.

Usually those fertiLizers which are sparingly soluble or quíckly

form sparingly soluble reaction products are more effective if finely

ground and mixed throughout the surface soil than if banded. Thus,

Barrow (6) observed that the groT,'ith of one year o1d tung tree was

Soil and fol-iar applications of ZnSOO.TH.1 have been recommended



better when 28.0 kg ZnSOO/ha were míxed with the soil whereas the

turig tree absorbed very líttLe Zn when 56.0 and 1I2.0 kg ZnSO,./ha-4

were applied to the surface. Yet in anoËher trial, Zn nobilíty \^ras

so b:irgh that 28.0 kg ZnSO 4tnabroadcast onto Ëhe soíl was Ëoxic to

the tree. The powdery form of ZnSOO.7H20, thoroughly nixed with

soil, was found to be as effecËive as ZnEDTA or Rayplex Zr:-, a che-

lated Zn form, for correction of Zn deficiency in sweet corri (26).

However, ZnSOO.THTO was not as effectíve as ZnEDTA or Rayplex Zn

when it was banded below the seed, applied ín granular form or

placed Í-n a point ín the soil. Dry matter yiel-ds of 6 week ol-d

sweet corn increased (28) when 4.0 kg Zn/ha as ZnS}O.THZ} were tho-

roughly mixed wíth the soi1. That amounx of Zn was adequate for

six successive crops while 10.0 kg Zn/ha as ZnSOO.TH2O were adequate

for l0 successive sl,reet corn crops. Corn plants responded to :.

ZISO,.7H.O thoroughly mixed with the soíl. No further sig-4¿
níficant yield increase was observed when tll,e Zn concerltTation in

the eorn tíssue was above 12.0 ppm (44). MacGregor et al. (98)

found in Ëhe greenhouse studies that ZnSO h.7HZ0, mixed with Zn

deficient calcareous silty clay loam soi1s, íncreased Zn concen-

traËions ín leaves of corn whereas row-banded ZnSOO.TH2O had lítt1e

or no effect on leaf Zn concentratíons. Corn f.orage yield and Zn

uptake were much higher when ZnSO4 r¡ias míxed with soil, whereas

ZnSO, placed in a specific spot in the soil was much less effective
I

(115). In four greenhouse experiments, forage yields and Zn uptake

of corn were higher when Zn as finely ground ZnSOO was mixed with

soil than when the granular form of ZnSOO was banded or mixed with

47.
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soil (117). Prmprey et al. (143) found thaË 6.0 kg Zn/ha as ZuSOO

broadcast and ploughed down before planting íncreased the early grain

yield of corn on soils of r¡restern Nebraska whereas banding the sul-

phate under the seeds or placíng it in a specific spot in the soil

were less effective. Rasmussen and Boawn (145) noticed that seed

treatment wíth ZnS04 did not supply enough Zn to meeË Zn requirements

of soybean although more uniform maturity resulted when seed treat-

ment \^ras supplemented with foliar or soíl- applícaËion.

Macronutrient ferËilizers applied with rnícronuËrienË can ínflu-

ence considerably the effectíveness of the mícronutrient carriers.

The effects of macroriutrient fertilizers on the efficiency of micro-

nuËrients are dependent upon Èhe properLies of the macronuÈrienL

fertilizer; whether the micronutrient and macronutrient fertLLizers

are applied. separately, mixed. togeÈher or the micronutríent incor-

porated int.o the macronutrienÈ fertlLizer; and the method of

placement in the soil. tça{6a+fi and Racz (84) suggested Ëhat phos-

phates applied wítln Zn f.erLiLizers such as ZnSOO night decrease the

solubility and avaílabiliËy of Zn to plants. In fiè1d experiments,

Boawn et a1. (fZ¡ observed an increase in the yield of navy beans

when Zn as ZnS0O.7H20 was applíed as a foliar spray whereas Zn as

ZrrSO,. banded at the planting of navy beans togeËher with 200 ppn P

as KTHPOO depressed the yield of the plants" Boawn et al" (18)

reported Lhat Zn uptake by red Mexican beans from ZnSO 
h.7HZ0, 

íncor-

porated into N:P-K fertilizers on a sandy loam soil, \¡ras considerably

less than Zn uptake from ZnEDTA applied in the same manner. Concen-

tration and uptake of Zn by corn were highest r¡hen ZnSOO r^/as broadcast



lrirh (NH4)rSOo and leasr when Znso4 \^ras broadcast with ca(No3) 2 GÐ.

Ellis er al. (50) reporLed Ëhat íncorporation of znsoI.TH2O into

basal N-P-K fertilízer carriers decreased the HrO solubility of zn,

Zn totaL uptake in pea beans and their dry matter yíe1d relative to

the same level of ZnSOO hand mixed with basal ferluíLizers at plantíng

time. Mixing ZISOO alone with a sandy clay loam soil was more effec-

tive in correcting Zn defLciency in two successive crops than when

ZnSO4rTHr0 was incorporated into granules of NHONO,, liH^ polyphos-

phate or concentrated super phosphate and subsequently banded with

the seeds or mixed with the soil (59). Nevertheless, ZnSO4 vlas more

effective than ZnS regardless of method of placement.

Mortvedt (112) found in the greenhouse that increases in forage

yields and Zn uptake by corn r¡Ieïe lo\¡ler rnihen Zn as Z,nSOOwas incor-

porated into granular ammoniated fertilizers than when the anrooniated

fertilizers contained no Zn. Crop response. to Zn also increased with

decreases in granule slze. The effectiveness. of ZISOO incorporated

into N and P carriers decreased with increasing degree of anáoniation

which implied that effectiveness of Zn is lov¡ when íncorporated with

ammoniated fertílizers. The movement of Zn Í.rom Zn carríers r¡Ias

retarded 1n the presence of applted NH3 whereas ZnSOO applíed to soíl

vrithout NI1, was relatívely mobile (115). The uptake of. zn by corn

grown on a fine sandy loam treated with Zn as 65rnSOO incorporated

into NH4NO3 granules \^ras greater than when incorporated into P car-

riers (116). Better response was obtained when Zn as fínely ground

ZISO 
O 

\¡ras granulated wíth N-K carriers than when granulated with P

carriers (117) . ZLnc sulphate and ZnO \tere equally effective when

49.
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granulated \^iith APP (L77). On the other hand, ZnSOO was more effec-

tive than ZnO when granulated wíth CSP or urea before soil applícation

(117). Hor^rever, bandinE ZnSOO wíth N-P-K ferLilizers r,ras superior to

incorporat.ion of fine form of. ZnSOO into macronutrient carriers before

soil application (117). The highest forage yíeld and Zn uptake were

obtained when ZnSO4 T,{as mixed r,¡ith the soil separately from macronu-

trient fertilizers (117). Richards (149) reported that the solubilí-

ties of ZnSOO.".}, ZrrSO4. (NH4) 
ZSO4.6H2O, Zn(C2HrOr)t.2UrO, ZvCL, and

Zn poLyflavonoids decreased when íncorporated into N-P*carriers prior

to ammoniation whereas incorporation with N-P carriers after ammonia-

t.ion or coating tlne Zn carriers on N-P fertilízers íncreased the

solubility of. Zn from the Zn carriers. Terman eË al. (175) found

Ëhat corn yield and Zn upËake from ZnSO4 Branules decreased in the

following orderz ZnSOO mixed along with the soil ) ZuSOO incorporated

into NHONO, or (NH4) 
rS0O Eranules ) ZnSOO incorporated ínto APP

granules 7 no Zn7 ZnSOO incorporated into CSP granules.

fnteract.ions between Zn and other nutrients may occur. In green-

house experiments (29) in which ZnSOO.TTIZO was míxed wiËh clay soil at

4.5 ngzrr/2.2 kg soil, growth,depression increased as the rate of CaCO,

increased from 0.0 to 40.07". However, when Èhe same level- of

ZnSOO.TH,) was applied to a fine sandy loam sói1r CaCO, did not depress

growth. Application of CaCO, wíth 20.0 ppm Zn as ZnSOO.TH,) to a fine

sandy loam drastical-ly decreased Zn concentration ín corn (58). How-

ever, when the same rate of Zn was added to APP wíthout CaCOrt Zn

concentratíon increased in corn. Al-so, Seatz (154) observed that

flax and sorghum on loamy soil ín Tennessee responded to Zn applíed



\,rith 13.0 tons CaCOr|na. fn another greenhouse study (27) in which

ZnSOO.THZ} was applied at rates of 0.0 ppm, 2.5 ppm, 10.0 ppm' 20.0

pprn and 40.0 ppm 2n,0.0 ppm, 50.0 pprn, 100.0 ppur, 200.0 ppm and

400.0 ppm P as Ca(HrPO+)2,H20, KH2POO and H3PO4 coricentration of P

tended to induce Zn deficiency at a range between 200.0 to 400.0

ppm P.

Temperature also has a great influence on Ëhe incidence of Zn

deficiency. For example, Idallace et aln (L92) found, in a poË experi-

ment with sandy loam on which 11.0 kg Zn/ha as ZnSOO was uníformly

dístributed, thaË cotton responded to Zn onLy at temperaLures below

15oC, bush bean responded to Zn only aÈ tempeïatures higher Èhan 15oC

whereas corn responded to Zn at temperatuïes below and above 15oC.

However, Zn accumulated in the shoots and roots of corn and beans

only at temperatures above 15oC.

3a': l:', OXIDES OF Cu AND Zn

51.

especially if fíne1y ground and mixed well wÍth soil. Their residual

effects, f-ike CuSOO.5H20 are considerable (169). A granulaLed mixture

of CuO, Cur} and elemental Cu, broadcast on sandy loam and on soil

hígh in organic matter, increased leaf Cu concentrations and yields

of corn and soybeans in five insËances (133). Fiskell (53) found that

CuO placed in the plantíng hole, broadcast aror¡nd trees and sprayed on

the leaves íncreased the Cu concentraÈion in the roots of young ciËrus

trees on Leon fine sandy soil in Calífornia. Since CuO or CurO are

not as commonly used as CuSOO.5H20, noË much literatuTe ís available

on their effectiveness as ferxíLizers.

Both CuO and CurO are recorìmended as suitable Cu fertilizers
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Some studies índícated thaË ZnO was a good fertíl-ízer although

it did not supply as much plant available Zn as ZnSOO or NaTZnEDTA

(104, I77). OËher studies índicaÈed, however, that ZnO was as good

as ZnSOO ín correctíng Zn deficiency (183). However, responses Ín

yields and Zn upËake from ZnO depended greaËly on the method of

placemenË, Ëþe type of macronuÈrient carrier with whích it was

applied, and whether it was incorporated inËo or simply mixed with

the macronutrient fertilizer (18, sLr 59, 60, 611 62, 81, Il2, LL4,

is6).

Boawn et a1. (18) found that ZnO, mixed wíËh a fine sandy loam

along with N-?-K carriers $/as as readily utilized by cornr,::gr,ain.rand

sorghum as Zn applied as ZnSOO.THZ} or as stripping acid residue

ZñIA{rS)S*S':fnco-r,Pe,f-9.!ing.-ZgPZintci-rJfISOli;pÞ1yp,ho-sph'a;bäziriras-l,vrstsperiorr-,-,,

to incorporatíng ZnO into NH4NO3 (51). In greenhouse studies, toËal-

dry maËter yields and uptake of Zn by corn increased when the powdery

forms of. ZrrO or ZnO * ZnSOO \^rere pressure granulated \,¡ith NH4NO3,

NH4P2O7 or wj-th NH4 polyphosphate and thoroughly mixed with soil (60).

Jones, Jr. (81) indicated that Ëhe use of oil to coat Zn:O onËo granu-

1.ar 8-32-16 fertil-ízer 1nad no adverse side effecËs on the growth of

corn and soybeans on a moderately fertile silt loan and on a sí1ty

clay loam. Sharpee et al. (156) for¡nd Ëhat ZnO fused with S resulted

ín the increase of dry matt,er yield of corn. llowevet, pLant Zn

concentraLions decreased with increasíng sj-ze of Zn0-S granules and

were much lower when banded than when mixed. Greenhouse studies

indícated tli,at ZnO in liquid form containing Zn increased corn shoot

yield and Zn uptake more effecËively than when granulated and applied
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separaËely or íncorporaLed ínto granular N carriers (114). The liquíd

forn of ZnO was líkely better distributed throughouË Èhe soil (1i2).

In greenhouse studies, Giordano eÈ a1. (62) found that the dry matter

yield and Zn uptake of three week oLd corn r¡/ere higher when ZnO and

(NH4)'SOO were mixed wíth Ëhe soil or placed ín a small spot just

prior Ëo planËing than when ZnO and NH, or ZnO and CO(NH2) Z\rtere sími-

larly applíed. This was likely due Ëo lower pH associated with

(NH4) ZS9+. Yields T^rere, however, lowest when ZnO was spot placed or

míxed with soil four weeks prior to planting and when no Zn was applied.

Incorporatlng ZnO into macronuËrient fertilízers resulted in lower Zn

solubilíty, Zn uptake and dry matter yield of pea bean than when the

same leveL of ZnO was mixed with macronutrient carriers at planting

tine (51, 59) "

4.1'):r:' Cu AND Zn SIILPHIDE

Copper sulphide has been used to correct Cu deficiency although

it was usually not as efficient as CuSO, (156, L69, L96). Copper

pyrÍtes (CuFeSr), Cu glance (CurS), and borniËe (CurFeSO) were all

found Èo be slightly inferior to CUSOO T5HZ0 in agronomic effective-

ness, but further gríndíng would undoubtedly have increased their

effíciencies (169). Copper sulphide has not been used as exterisively

as CuEDTA or CuSOO,5HZ0 because of its low solubility and low bíolo-

gical availability. Hence, very little literature is available

concerníng CUS as a fertlLizer

Results Ëo experiments concerning the effectíveness of ZnS as

Zn fertíLlzer have been variable. Often, horrlever, ZnS was l-ess avail--

able Lhan ZnO. Iklbasi and Racz (84) forind ín the laboratory incubation
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studies thaË ZnS díssolved very slowly and persisËed for 32 weeks.

Inlhen ZnS was applied, concentraËion of HrO solubLe Zn was lower than

when ZnSO4 ^d ZnEDTA were applied. However, HrO solubLe Zn from ZnS

increased wíth time whereas HrO solubLe Zn levels decreased with tine

when ZnSOO and ZnEDTA were applÍed.

z\a áft eeir''+i and rj. eãcrmona ( á 6 ft ) ) r 6 aria d t hh ¿ i o aí:yy 1 i TI sfil,TapeËÉ e te ê s a é :' ZnS

to certairi acid Fl-orida soil-s was 0.05 N HCl + 0.025 N H2SO4 extïact-

able compared to 80.02 when ZnEDTA and ZuSOO.7H2} were added to the

s¡me soil. Other workers have also found líttle or no response to

ZnS. Holden and Brown (75) observed Ëhat sphalerite (ZnS) had no

effect on the Zn uptake and yield of alfalfa on Florida acid sand

whereas willemite (2zno.sio2), a zt'.- frit, supplied zn Lo plants al-

though at a very 1or,¡ 1eve1 . On a sandy clay loam having pH of 7.3,

ZnS was less suitable than eíËher ZnO or ZwSO, both when mixed thor-
4

oughly with Ëhe soil and when incorporated into various macronut.rient

carriers (59). However, McGregor (104) found ZnS to be a good source

of water soluble Zn.

;'i.i .,-.; CU AND ZN PHOSPHATES AND A}'IMONIUM PHOSPHATES

Copper ammonium phosphate (30% Cu) is slightly soluble and is

slowly avaílable to plants (L77). Its use has been recornmended for

soil application by banding near the seeds and placing the materíal-

ín the planting ho1e. It is also suitabi_e for seed treaLmenË. IËs

availabilíty can be controlled by grânúlåEiÒn (25). It can be applied

also by foliar spray (25, I77) . Bingham and Gabler (12) reporred rhar

excess of granulated P carrier mixed with CuNH 4PZ0l resulËed in P

índuced deficiency in sour orange seedlings. However, strangely
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enough, Cu solubility was increased by excess of P fertilízation (12).

Uptake of ferËilízer Cu and Zn ís often depressed by lining. Flowever,

uptake of Cu from CUNH4PZOI by sorghun T,ras not depressed by liming on

both organic and inorganic soils (25).

Zinc ammonium phosphate (35.5% Zn) has been recommended as fertÍ-

Lizer (L2, IB, 2-5, 26, 78, 177). McGregor (104) found ZnNIIOPOO as a

good fertiLizer. However, it. was less suitable Ëhan NaTZnEDTA or ZnS.

Excess of P material added to the soil with ZnNHOPOO reduced the uptake

of. Zn by sour orange seedlings although the solubility of Zn was found

Ëo increase with excess of P fertilízatíon. Such P induced Zn def.ici-

ency musË be physiological in naËure and not caused by formation of

(Zn)3GOìZ. Zinc phosphate has been for:nd to be a good fertLLizer

source of. Zn. For example, (ZI)3(PO4), mixed with a fine silt l-oam

soil along wiËh a N-P-K carrier \¡ras as readily utílized by grain

sorghum as Zn applied as ZnSOO.THZ} or as stripping acid residue

(Zn-M-N-S¡ (19). Granular and pulverulent forms of ZnNHOPOO have a1-so

been applied to several crops and to different soíls. The low solubí-

1íty usually prevenËs salt injury when applied to seeds and to plants.

Yields and total uptake of corn, sorghum^andTsoybeans from ZnNH4PO4

were in al-l instances as good as those from ZnSOO. It can be applíed

as seed coatíng, and placed, near the seed or in planting ho1e, with

seedlings (25). Granulation greatly reduced the effectíveness of

ZnNH^PO.. It is an effectíve Zn source when fínely ground and míxed

thoroughly wíth the soil (26).

6.'; t,',) SALT FRITS OF Cu AND Zn

One reference indicated that most copper salt frit.s are suÍtable



for soil application (L77) buË no other report was found to corro-

boraËe their suÍtabílity or agronomic effectiveness.

Zínc silicates have been assessed as fertilízer sources of Zn

(18, 74,75, ll7, L49, I77, 183). ApplicaËion of powdery Zn glasses

to soil Íncreased the yield of corn more than fine crysLalline forms

of. ZnSOO.THZO (75),a1-though it had l-ess effecË on Zn content of the

crop. HemimorphiËe (ZZuO.HZO.SiO2) dissolved at a satisfactory rate

in neuËral Florida sand but noË in a calcareous loam whereas 2ZnO.SiO,

supplied very low levels of availabLe Zn. Hoeft and lÙalsh (74) obser*

ved that powdery Zn fríts (sílicates) rnixed with CSP r¡iere as effective

as ZnSOO on a neutral soil, but noL as effectíve as ZnSOO on calcareous

soil. Finely gror:nd Zn f.tÍ-ts r^rere more effective than the granular

formwhen applíed at a raËe of. L2.0% Zn to calcareous soÍl. Mixing

Zn frits with soil increased the upËake of Zn by corn as compaTed to

banding Zn friXs with the seed. To slow down the rapid reversion of

Zn from Zn fertlLj.zexs to the adsorbed form, Viet, Jr. (183) suggested

that Zn f.ertíLizers be placed ín bands or incorporated into fríts or

glasses so that there would be slow release to r¡tater soluble form. On

the other hand, Boawn et al. (18) found Lhat Zn, in three friËted forms

with varying degree of hardness, T¡rere not util-ized by plants whereas

under the same environmental condítíons, considerable uptake of Zn f.tom

ZISO,.7H^0 was noticed. In a greenhouse experiment (1i7), response of
4z

corn to fritted Zn source (Zn silica.Ëe TTE 525) was lower than response

Ëo ZnEDTA or Rayplex-Zn (6).

Zínc fri-ts are very slowly available. They can serve as effectíve

56.
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Zn ferxiLizers, hor,rever, when fínely ground and míxed thoroughly with

the soíl if Ëhe pH of the soil is below 7.0. They may also be effec-

tive Zn sources if banded r¿ith acidic fertilizer. The poor results

obËained by some workers (18, 117) may have been due Ëo alkaline con-

ditíons, because research has establíshed t'naË Zn frits are not,

effective sources of plant available Zn ín calcareous soíls.



l ¡; Cleaning of Apparatus

Prevention of possíble conÈamination is very critical in all-

microriutïienË experimental manipulaËions. To meet this parLicular

demand, a ïigoTous \^rashing procedure T¡/as meticulously adhered to

throughout.

Al1 pieces of apparatus \¡iere \,Iashed Lhoroughly wiËh L0.0% soap

solution prepared r,¡ith biodegradable laboratory detergent supplied

by Fisher Scientific Company. They \^7ere next rinsed four Ëimes with

Ëap \^rater, making sure no Ërace of soap solution remaíned. This was

followed by four Tinses T^iith dÍsËí|led Í/ater, brief immersion in

0.1M EDTA solutíon, four rinses with dístilled r¡Iater, immersion for

10 minutes in 0.1N HN03, four rinses wíth distill-ed r¡/ater and fin:r-

aLLy, Ëwo rinses with deionized \¡later.

2;) Soil Analyses

l. Description of the soils used

Pine Ridge êand, a degraded eutric brunisol which had been esta-

blished as Cu deficienË (84, 104) and Lakel-and clay loam, a gleyed

carbonated rego b1ack, which had been established as deficient ín Zn

(84, 104) were used in boËh the incubation and the growth chamber

sËudies.

A sample of each of the Lwo soils was air dried and thoroughly

míxed to ensure against possible variabílity duríng field sampling.

This was followed by grinflíng a portion with a porcelain pestle and

moïtar untíl it passed Ëhrough a 2 rrul. sieve. This sieved portion

III METHODS AND MATERIALS

A. General Procedures

58.



\.ras stored for subsequent incubation experiments and laboratory

analyses. The unsieved port.íon r^ras stored f or growth chamber

experiments.

2. pH

Soil pH was determined electrometrically following the procedure

outlined by Schofield and Taylor (153) . 25.0 Grams of soí1 r¿ere

suspended in 25.0 ml 0.01 N CaCL, rather than ín r¡/ater. A calomel

electrode pH meter was used.

3. Organic matter

The organic carbon \4ras determined using the rnodified method of

I^ialkley and Black (189), fully described by AllisorL (2). The organic

carbon content of 0.5 g of the soil was digested ín 10.0 nl 1.0 N

K^Cr^O- and 20.0 rn1 concentrated H^SO, for 30 minutes. The volumez ¿/ z 4

uras subsequently brought to 300 ml with distilled vrater. The un-

reacted KZCTZOT was back titrated !/ith 0.5 N FeSOO using an auto-

matíc titraËor (radiometer). The end point r^ras set at l5A mílli-

vo1ts.

4. NO^-N
J

The soil N03-N was determined using a method similar to that

descríbed by Kamphake and Hannah (85). Ten g of soil was added to

50.0 rnl of an extracting solution containing 0.02 N CuSOO arrd 0.067"

AerSOO. The míxture r¿as shaken for 15 minutes. This was followed

by an addítion of 1 cc of Ca(OH)Z which was previously heated in

muffle furnace at 750"C for two hours. This was followed by an addi-

tion of 0.7 cc of solid MgCOr. The shaking continued for 15 minutes.

The filtrate \^ras collected using I^Ihatman no. 42 paper. Twenty-five

m1 of the fíltrate r,rere pípetted ínto a 50.0 ml beaker and evaporated

59.
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to dryness. The dríed material- was dissol-ved with 2.0 ml- phenol

dúsulphonic acid and 25.0 rn1 distill-ed \¡7ater. The díssolved residue

was later washed inËo a1100 ml flask and rotated for 15 minutes.

This r,ras followed by slow addition of dilute M4l0llr,ûiit.1rlr¿1yê11õw-

colour developed. The mixture was final-ly brought to 100 nl with

distilled \^rater. The NO3-N concentration was determined colorimetri-

cally at 4L5 m.p. .

5. Plant avail-able P

Phosphorus rnras extracted from the soil with NaHCO, and the P

l-evel in the extract determined using the acíd molybdaËe method of

Murphy and Riley (119). Five g of soil were shaken for 30 minutes

in 100 ml of 0.5 M NaHCO, solution containinC 1.0 g of actÍvated

charcoal . The míxture \¡Ias filtered through no. 42 paper. One drop

of. 2r44dinítrophenol was added Lo 25.0 url of the filtrate which was

followed by slow addítion of concentrated H'SO4 until the solution

changed from yellor^r to clear. Acid molybdate reagent was prepared

by míxing four parts of a soluËion containing 7.5 g of (NHO)UMo.O,O.4HZO,

14.0 g of antimony poÈassium tartrate and BB.0 rnl of concenËraËed

H.SO/ in 1000 nl wíth one part of a solution containing 2.5 g of.z+
L-ascorbíc acid in 100 n1 of HrO. Five ml- of the acid molybdate

TeagenË were added to the 25 mL of filtrate. The intensity of the

blue colour r¡/as measured after 5 minuËes at 885 rn¡r with a Cecil

model 202 ultraviolet spectrophotometer.

6. Plant available K

Five g 2 ¡nm soíl were shaken with 100"0 ml of 1.0 \ NIIOOAc

containing 250.0 ppur of lithir:m for one hour. The filLrate \,Ias
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collecËed Ëhrough l^Ihatmanrs no. 42 paper. The K concentration of

the fílËTate T¡ras deËermined using Perkin-Elmer model 303 ato¡nic

absorpËÍon spectro photomeËer.

il . DTPA extracËable Cu, Zn, Te and l4n

Plant available Cu, Zt:', f'e, and lufn were determined by the DTPA

(diethylene triamine penta acetic acíd) method of Líndsay and Norvell

(94, 95> as modified by the Kansas SËaÈe University Soí1 Testíng

Laboratory. The extracËing solution contained 0.005 M DTPA, 0.01 M

CaCl^ and 0.1 M trieËhanolamine (TEA) as a buffer. The quantities of¿-
mj-cronutrients extracted vary consíderably with the pH of the DTPA

solution. For determination of indigenous mícronutríenÈs, the pH of

DTPA solution was carefully adjusËed with 1.0 N HCl xo 7.3, the value

recommended by Lindsay and Norvell. For determination of micronutri-

ent levels ín Ëhe incubation experíment, however, the pH of DTPA was

adjusted to 8.0, the val-ue reconrnended by McGregor (104) for Manitoba

soils. Lindsay and Norwell reconmended a soil-exËractíng solution

ratÍo of L:2. For determination of indigenous micronutrient leúels,

25.0 g of soil were shaken for 3 hours"wíth 50 ml of DTPA solutíon.

In the incubatíon sLudy, 5 g of soil were shaken with 25 mL of extrac-

ting solution in order to minimize overloading the DTPA solution. For

all determinations, Èhe DTPA sol-uËíon-soil suspensíons \¡Iere filtered

through trIhatmants no" 42 paper, and micronutrient concentrations in

the filtraËes determined with Perkin-Elmer model 303 atomic absorptÍ-on

spectrophotometer.

B. I,{ater extractable Cu and Zn

Five g of soil and 25 ml deíonized water r¿ere shaken together
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for 3 hours. The mixture was fil-tered Ëhrough Whatman no. 42 papex

and the Cu and Zn concentratíons ín the filtrate determined with a

Perkin-Elmer model 303 atomic absorption spectrophotometer.

9. Cat.ion exchange capacíty

The caËion exchange capacÍËy of the soil was determined usÍng

¿n emm6nium saturation method fashioned after Chapman (39). The ex-

change sítes of 10 g of. 2 mm clay loam and 25 g of sandy soil were

saturated with NH.f by shaking in 50.0 ml of neuËral 1.0 N NH,OAc'--4 4

for one hour. The adsorbed NH,+ ions were subsequenËly displaced
4

wítl: 225.0 ml of acidífied 0.005 N NaC1. This was followed by addi-

Ëion of 25.0 ml of 1.0 N NaOH ínÈo the filtrate ín an 800 mlKj:eldahl

flask. SixËy ml of the solution were then dístílled into 50 ml of

2.07" boríc acíd. The absorbed NH, was ËiËrated with 0.1 N H2S04

usÍng 10 drops of bromocresol green-methyl' red as the indicator.

The end point was taken as that point aË whích the solution changed

from b1uísh green through bluish purple to pink.

10. Inorganic C

T;hg A+,o.¡gE+,Lq G; ('qârb9n4te) c,oplerqe w_qs 1.d;.eJqrmined:rrus:ifiE:ftiire;.,.

pJio,ggdqF,e, djqqc-q!þd. þy R-i.{,ley,r (ilis;o}. o*n.e g o-f s-o,.iil was: d.úg.es:Led,, i¿iËh

0. I N ËICl- for 20 minutes. The CO, evol-ved was sucked through an

absorption train which íncluded a Nesbítt tube conËaíning asbesËos

saturaËed with NaOH (ascarite). The percentage CO, of the soil was

calculated from the weight of CO, absorbed on Ëhe ascariËe.

1r1. Fiel-d Gapacity

The top half of soil in a 4.5 by 10 .2 cm p1-astic cylinder was

saturated with water. The sample vias allowed to equilibrate for
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48 hours in a desiccator containing \,/ater to maintain a humid envir-

onment. Following equílibration, soil from aboveb,¿he ûê€t{ñg,-r-:.r".,

front in the cylinder was placed in a 600 nl beaker and dried at

105oC f.or 24 hours. The weight of the \,rater lost was deËermined and

Ëhe moisture content expressed as percent of oven dry soil.

3r.,,Ì Plant Analyses

1. Plant total Cu, Zt'1 , Fe, ÌuIn and K

Barley shoots were dríed to consËant weighË aË 70oC and the dry

matter yields deËermined. The shoots r¡/ere sectioned inËo 0.5 cm

lengËhs with stainless steel scissors. IË was felt that thís proce-

dure would result in less contaminaËíon with Fe than if the plant

maËerial T¡rere ground in a l^lÍley rnill. After thorough mixíng, a one

gram subsample was digested ín 5.0 ml of 1.0 N HNO3 ar'd 2.0 ml of

1.0 N HCIO, until the míxËure \¡ras clear and the volume had decreased
4

to approximaËely 2.0 rnl (approxímately afËer 3 hours). The dígest

was cooled and diluËed to 20.0 rnl, filtered through üIhaËman no. 42

filter paper, and brought to volume ín a 25.0 ml volumeËric flask

wiËh deionized \¡/ater.

Each sample was sealed and stored at 4oC to prevent evaporation

and spoilage while awaiting nutrient analysis. Copper, ZÍt, Fe, l,fn

and K concenÈratÍons in the filtrate were determined with a Perkin-

Elmer 303 atomic absorpËion spectrophotometer.

2. Total P

The filtrates \,zere assayed for P by acid molybdate method of

Murphy and Ríley (119). Acid molybdate reagent T,^Ias prepared as for

the avaí1abl-e soil P anal-yses. After the necessary dilutíon of the
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HNO3-I1C1O4 plant dígest, 25.0 m1 of the díluted digest was mixed wíth

5.0 rnl of the mixed acid-mo1-ybdaËe reagent. The blue colour was

allowed to develop for five minutes after which absorbency was mea-

sured at 885 mru usíng a Cecil- 202 uLtravioleË spectrophotometer.

3. Total N

The toËal N concenËration of the planË materíal was determined

using Ëhe rnodífied Kjeldahl--Gunning method described by Jackson (79).

One g of oven dried, sectioned barley shoots was placed ín an 800 ml-

Kjeldahl flask. One Kelpak no. 1, containing 9.9 S KTSOO, 0.41 g of

HgO and 0.08 g of CuSOO, \¡ras dropped ínto the flask as a digestion

acceleraËor, followed þy 25.0 ml of 0.1 N H2SO4. The mixture r¿as

digested for approximatel-y one hour on a Labonco Kjeldahl N apparatus.

After cooling, 60.0 nl of a50% NaOH solution was added to the plant

digest and the NH, distil-led into 70.0 rnl of. 2.0% boric acid sol-ution

which was subsequenËl-y títrated to neutrality with 0.1 N H.SO4.

B. Experímental Design

1': I Incubation SËudy

The laboratory incubation study \^7as a brief prelude to the growËh

chamber experiments. The primary objective of Ëhis study \ras to deter-

mine the effect of time and meËhod of placement on the chemical avail-

ability of soil epplied CuSOO.5Hr0 and ZnSOO.THZO. Two extractants'

HrO and DTPA, were used to estimate the chemical availabilities.

Air dry Pine Ridge loamy sand was mixed wiËh finely ground

CuSOO.5HZ0 at rates of 0.0, 1.0, 5.0, 10.0, 25.0, 50.0, 100.0, 250.0,

500.0, and 1000.0 ppm Cu. Air dry Lakeland clay loam was mixed with

fínely ground ZnSOO.7H2} at rates of 0.0, 2.0, 10.0, 20.0, 50.0, 100.0,
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200.0, 500.0, 1000.0, and 2000.0 ppm Zn. Three subsamples from each

Cu and Zn leve1 were placed in 3.0 by 5"0 cm plastíc cylinders, wetted

to field capacity by adding 3.78 g of Hr} to the sandy soíl and 5.88 g

of HrO to the clay loam and incubated for 7 days at zOoC in a sealed

water-humidified dessicator. At the end of the íncubation períod, the

subsanples uTere aír dried for 48 hours at room temperature. llater and

DTPA extractable Cu and Zn concenËratíons in those subsampl-es and in

triplicated subsamples taken just prior to !,retËíng (tirne = 0) rrrere

determined according to the procedures already outlined. The ext.rac-

table native Cu and Zn value was subËracted from Ëhe Cu and Zn value

for each treatment receiving f.ett,í-Lízer Cu and Zn in order to arrive

at a value reflecting the availabil-íty of on1-y the added mícronutríent.

IË r¿as felt that the lower levels of applied Cu and Zn would

simulate mixíng the micronutríents with soil whereas the higher levels

of Cu and Zn would simulate band placement.

2:'ìi Growth Chamber Studies

GrowÈh chamber studies were ínitÍated to assess the effects of

rate and method of application of CuSOO and ZnSOO upon the dry matter

yield and Èhe nutrient upËake of barley shoots and to determine the

crítical levels of Cu and Zn in barley shoots.

1. Cu Experiment

Copper was applied as CUSOO to Pine Ridge sand at rates of 0.5,

I.O, 2.0, 4t0, and 8.0 ppm in four methods of placement which included

mixed Ëhroughout Ëhe soil, banded wíth the seed, banded belor¿ the seed

and placed in a point below the seed. The 20 treatments rnrere arranged

factorially. A control treatmerit which received no Cu was also



included. The 21 treatments were

randomízed complete block design.

Eactr pot consisted of 12 barley (Hordeum vulgare L. var conquest)

seeds at a depth of.2 cm ín 4120 grams of soil in an 18.5 cm by 16.8

cm plastic pot. Twelve days after planting each plot was thinned to

6 plants. All måcronutrienÈs and CuSOO r,/ere spïayed in solution onto

soí1. Bef.ore planting, all of the soil from every plot was thoroughly

mixed with 66 ppm N as NHONO, and 200 ppm K and B0 ppm S as KTSOO.

Every plot also received 66 pþm N,and 100 ppm P as NHOHTPOO alllied ín

a band 2 cm in width. At the centre of the band røere the barley seeds.

The top of thís band was therefore 1 cm below the soil surface. Copper

sulphate was also added to the 2 cm NHOHTPOO band for the banded with

the seed treatment. Copper sulphate was mixed with a 2 cm band of soil

directly below the NHOHTPOO band for the banded below the seed treatment.

For the poínt placed treatment, CuSOr was míxed wíth 5 g of soil which

was placed j-n the centre of fhe pot, 2 cm below the barley seeds.

The soil. vras ï,rette d, xo 7Oi( of field capacity .for the f írst week

after plantíng in order to avoid seed rottíng. The soil was then mois-

tened to field capacity and maíntained at that level by as many as tr,ro

wateríngs per day. Additional 50 ppm N as NHONO, were added to each

pot f our weeks af ter emergence of the seeds. The barley r,/as grown ín

a controlled environmental chamber aL 2OoC - 15oC day-night temperatures.

ü/ith a 15 hour photo period. Lighting vras províded with Sylvania

"Grow-Lux" fluorescent lamps and incandescent bulbs which together

resulted in a light intensíty of approximately 30,000 lux at the tops

replicated three times in a

66.

of the plants. The relative hrnnidity was 657" at night and 45% during
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the day. Pots within'each of the three blocks and the blocks themselves

I^7ere rotaËed periodícally to mínimize non-treatment variatíon. Pl-ants

were harvested when aË heading síx weeks after emergence. They were

washed !üÍth deionized water, dried at 70oC for three days, weighed and

assayed for nutrient. content according to the methods already described.

2. Zn Experiment

Zinc was applied as ZnSOO Ëo Lakeland clay loam at rates of 1.0,

2.0, 4.0, 8.0 and 16.0 pprn in the same four methods of placement employed

in the Cu experiment. As ín Ëhe Cu experiment, a control treatment

receívíng no Zn was also included. Each plot consisted of. 20 barley

seeds in 5000 g of soil in a 2\.3 cm by 19.7 cm plastic pot. Twelve

days af,ter plantíng, each plot was thinned to 12 planËs. Although plot

size in tl:re Zn experiment ïras larger than that in the Cu experiment,

width and depth of the f.erti1'ízer bands as well as all other procedures

were ídenËical to those ín the Cu experimerit.

3. Statistical Analysis of Data

It was not possible to conducÈ "standardt' factorial analyses of

variance of all treatmenËs in the growth chambers studies because only

one (trÍplicated) zero treatment r¿as included in each experiment. A

zero treatment for each method of placement would have been required

in order to employ such statístical analyses. It was therefore neces-

sary to conduct !'coÍnbined" analyses of variance which were combinations

of sínple analyses of variance of all treatment.s and factorial analyses

of variance of a1l except the zero treatment.s.

An abbreviated example of the simple analyses of variance conduc-

t.ed on aLL 2L treatments including the zero is illustrated in Table 5.



Degrees Sum
of of Mean

Source of freedom squares square F.
variation (af¡ (és) (ms) value

Símple Analysis of Variance
of. 2I Treatments

Table 5

Treatments 20

Block

Error

Total

68.

40

62

20
2Ã

c
40

C

208
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Idhen Ëhe F ËesË indicated that there T^7ere sígnificanË treaËment differ-

ences aË the 5% LeveL, Duncanrs Multiple Range TesË \^ras used to deËer-

mine which of the differences amorlg tii'e 21 treatment means rnrere

signifícant. In order to more accurately assess the effects of micro-

nutrÍent rate and placement method- and to compare Ëhe zero treatment

with the average of all other treatments, a factorial analysís of

variance excluding the zero Èreatment (Table 6), and the simple analy-

sis of variance (Table 5) were combined (Table 7). In the factorial

analysis, it was only necessary to calculaËe the sums of squares (ss)

for placenent (D), rate (E) and interactions (F) (Table 6) for inclu-

síon in Ëhe "combíned" analyses of variance (Table 7). The error sum

of squares (C) in the "combined" analysis T¡7as Ëaken directly from the

simple analysís of variance. The sum of squares for zero versus the

average of other treatments \^/as calculated by subtracting the sr:m of

Ëhe placenent (D) rate (E) and ínteracÈíon (F) stms of squares from

the treatment sum of squares (A) in the sifrple analysis of variance.

Inlhen the F Ëest indicated that there r^rere sígnificant differences at

tlne 57.level due to placement method or rate, Duncanrs Multiple Range

Test was employed to determine whích of the dífferences among the four

placement meËhods or among the four micronutrient rates (excluding Ëhe

zero) were sígnificant. I¡hen the F test indícated that the zero treat-

ment was significantly different from all others, the value for the

zero Lreatment T¡ras compared to values for each of the four rates usíng

the LSD test. The least significant difference r¡ras calculated in the

following nanner:

LSD.O, =
C

40
n



,Degrees Sum
of of Mean

Source of freedom squares square F
variation (df) (ss) (ms) value

Factorial Analysis of Variance
of. 20 Treatments

Table 6

Placement.

Rate

InËeraction

Block

Error

Total

J

L2

70"

g

2 not necessary 
Ë
Ë

38 not necessary

D

E

F

59
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, TabLe 7

"Combinedtt Anal-ysis of Varíance
of. 2L TreaËments

Source of
variatíon

Block

Degrees
of

freedom
(dr¡

Placement

Rate

Sun
of

squaïes
(ss)

Interaction

Zero vs. remainder

7L.

Mean
square

(rns )

Error

Total

already
calculated

D

T2

F
value

F

A- (D+E+F)

C40

3

E

already
calculated

40D

62

4

F
T2

A-(D|E+F)

JI,

108
C

10F
3C

40 (A-(prE+F) )
C

C

m-
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A. Sóil Characferistics

The physical and chemical characteríst.ics of soils used ín the

incubation and growth chamber studíes are given in Table 8. Lakel-and

clay loam contained a rather low level of plant avaílab1e P but high

levels of exchangeable K and NO3-N. It contaíned far more DTPA ex-

tractable Cu than the 0.2 ppn criËical level suggested by Líndsay and

Norvell (4U¡. The DTPA extractabLe Zn leve1 ín Lakeland clay loam was

exacËly the same as the critical level suggested by Lindsay and Norvell

(4b) 'whereas the DTPA extracÈable Fe and luln levels were well above the

suggested crítical- levels of 4.5 ppm Fe and 1.0 ppm ¡,fn (4b). The high

inorganic C level of Lakeland c1-ay l-oam indicated that the soil likely

conËained finel-y divided l-imestone. That may have partially caused

the lower plant available P, Zn ar,d Fe levels in Lakeland cl-ay loam as

compared to Pine Ridge sand-'

Pine Ridge sand contained a raLher hígh leve1- of plant availabl-e

P but low level-s of exchangeable K and NO3-N. Although the DTPA ex-

Ëractable Cu leve1 was considerably lower than that for l,akeland c1-ay

loam, ít was sËill above the suggesËed critical level of 0.2 pput. Both

Fe and l"fn were r¡ell above the suggested crít,ical levels.

B. Incubation SËudy

The amounts of Cu and Zn exLracted with \^rater r^rere not appreciably

affected by duraËion of incubation, vrere very smal1 and were símilar to

values obËaíned by Gupta and MacKay (65), Hodson eË al. (73) and

McGregor (104) (Tables 9 - LZ). The proportions of applíed Cu and Zn

CHAPTER IV

72.



Soil
Name

Clay
Lakeland Loam

Particle
Size
Class

TABLE B

PHYSICAL AND CHEMICAL CHARACTERISTICS OF THE SOILS

Píne Ridge Sand

GeneËic
Sub-group

Gley carbonated
Rego Black

Degraded
Eutric
Brunisol

P K No3-N cu zn
(ppm) (ppm) (pp*) (pp*) (ppm)

3.8 502.0 95.0 1.36 1.0 11.0 5.6 3.26 24.t 8.2 25.6

8.6 22.0 7.2 0.56 t.2 22.0 2.6 1.36 7.3 6.3 0.06

Fe
(ppm)

I4n 0.M . C.E.C. Inorg. C
(pp') (%) (neq/ pH (z>

100 e)

!
UJ



Hzo

applíed extractable
soíl PPn Cu.lpPm

Cu

Ëo

COPPER EXTRACTED I,üITII H2O AND DTPA

AT TTME O FROM PINE RIDGE SAND

TREATED tr{ITil CuSO 
4.1HZO

TABLE 9

0.0

1.0

5.0

10. 0

25.0

50 .0

100. 0

250.0

500. 0

1000 .0

DTPA

exËracÈab1e

Cu.-ppm

0.035

0 .05

0. 316

0. 330

0.51

0.91

L.O7

1.48

1. 86

3.48

7" oÍ. appLíed

extracted \nríËh

Hzo

o.37

0. 89

4.5L

9.27

23.3

49.L

9L.6

L87

403

897

74.

% of applied
exËracted wíth

DTPA

5 .00

6.32

3. 30

2.44

t. 82

t.o7

0.59

0.39

0. 35

89.0

90.2

92.7

93.t

98.2

9r.6

7 4.7

80.6

89.7



COPPER EXTRACTED FROM PINE RIDGE SAND

TREATED WITII CUSO 
4"5HZO 

AND INCUBATED

T'OR A PERTOD OF 7 DAYS

Cu applied
to soil ppm

TABLE 10

0.0

1.0

5.0

10 .0

25.O

50 "0

100.0

250.0

500.0

10c0 " 0

Hzo

extractable
Cu ppn

DTPA

extractable
Cu ppm

o "026

0.031

o.22

o "25

0"30

0. 81

0.96

1.03

1"35

3.45

Z of applied
extracted wiLh

Hzo

0. s6

0. 83

3. 30

6 "64

16.3

32 "5

86.9

L45

376

757

75.

% of applied
extracted with

DTPA

3. 10

4"40

2 "50

7.20

t.62

o.96

0"41

o.27

0. 35

83.0

66"0

66.4

65.2

64.9

86.9

s9.9

63.3

75.7



'zo
Zn applied extractable

ppn Zn ppn

ZINC EXTRACTED I,üITH HzO AND DTPA

AT TIME O FROM LAKET,AND CLAY

TABLE 11

LOAM TRIATED I,IITH ZnSOO.THTO

0.0

2.0

10.0

20.0

50.0

100. 0

200.0

500.0

1000. 0

2000 .0

DTPA

extractable
Zn ppm

0.04

0.11

0.29

0 .47

1. 0B

L.22

L.69

2.07

2.47

1B .59

7. of appLíed

extracted wíth

'zo

76.

0. 39

t.63

6.92

16.6

4s .4

81. B

L76

473

BL2

L790

% of applied
extracted wiËh

DTPA

5 .50

2.90

2.35

2.L6

r "22

0. 85

0.41

0.25

0.93

B1 .5

69.2

83.3

90. I

81. B

67 .8

o/, ?

Bl.2

89.6



ZINC EXTRACTED FROM LAKE]-AND CLAY IOAM

TP.EATED WITH ZnSO4.7H20 AND

]NCUBATED FOR 7 DAYS

Hzo

Zn applíed extractable
ppn Zn ppm

TABLE 12

0.0

2.0

10.0

20.0

50. 0

100.0

200.0

500 .0

1000.0

2000.0

DTPA

extractable
Zn ppm

0.03

0.096

0. 15

0"44

o "62

0.92

1 .05

L.43

L.73

2 .47

% of applied
extracted with

Hzo

0.32

L.23

5.8

15 .6

39.L

73.8

135

46r

712

16 10

77.

"Á of appLied

extracted wíth
DTPA

4.8

1.5

tt

I.24

0.92

0.53

0.29

0.L7

0.12

6r.5

s8.3

78.2

78.3

73.8

67 .6

92.2

71.2

80.4



which T¡rere extracted with HrO decreased r¡¡íth increasing levels

of applied Cu and Zn. The proportions of applied Cu and Zn which

\,rere extracted with DTPA were much higher than the proportions ex-

tracted with water. They decreased slightly with duration of incu-

bation but were not appreciably affected by rates of Cu and Zn

application.

The low porportions of applied Cu and Zn which were HrO extrac,t-

able even at time 0, indj-cated that Cu and Zn vrere very quickly ad-

sorbed and/or precipitated as water-insoluble reaction products by

soil mat.erials such as clay minerals, organic matter, and hydrous

oxídes of 41, Fe and Mn. This result tends to agree with previous

research workers that r^iaLer díd not extract sufficient Cu (45, 65,

f86) and Zn (45,60, L28,186) to represent adequately labile nutrí-

ents available to plants.

The proportions of applied Cu and Zn extracted wiËh DTPA at both

incubatíon tímes suggested that most of HrO insoluble portÍons of

applied Cu and Zn were adsorbed, chelated, complexed or exchangeable

and therefore were potentially available. Very little of the applied

Cu and Zn was present in ínso1ub1e precípitates and unavailable to

plants.

78.

After seven days of incubation, however, a bit more of the plant

available Cu and Zn }:rad been converted to insoluble precipitates as

indicated by the decrease in DTPA and HrO extractable Cu and Zn levels.

This finding tends to coincide r¿ith earlíer research findings (45,73,

93) that up to 99% of the Cu and 757. of. Llne Zt in the soil could be

chemically adsorbed or form metallo-organíc complexes.

This study provided no evídence that banding of Cu and Zn sulphates

would decrease the amount of fíxation as the proportion of applied Cu
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ar,d Zn extracted üiÍth H20 or DTPA díd not increase with applicaËíon

ïates. Conversely, Ëhe result did not invalidate the assertion thaË

banding of inorganic micronut.rient ferËilizers improves their chemical

availabílity. Although the DTPA to soil extracËion ratio was much

hígher than that recommended by Lindsay and Norvell (94, 95), the

extraction capacities of DTPA and particularly HrO may have been ex-

ceeded at Ëhe higher rates of Cu and Zn application. In order to have

used the high micronuLrienË rates to , símulate banding and the lower

rates to símulate mixing throughout Ëhe exËracËion solution to soil

ratíos should have been íncreased proportionally with raËes of Cu and

Zn.

C. Gror¿th Chamber Cu ExperÍment

,?í:'' Dry marter yieíd,rõf l55¡16¡;r5Ïioots

Application of Cu did not resulË in higher dry matter yields when

all placement methods were consÍdered as indicated by the combined ana-

lysis of variance (see footnote 3 to Tables 13(a) and (b)). This

likely resul-ted from the 1ow effecËiveness of banding below Ëhe seeds

and placing the Cu fertilizer carrier ín a point in the soil (Tables

13(b) and (c)). Banding CuSOO with the seed was the most effective in

increasing the yield, follor,ied by mixing with the soil and finally

placing the Cu carrier in a poínt (Table 13(a) and Fig. 1). There were

definite responses to Cu when CuSO4 r¡/as eíther banded with the seeds or

mixed throughout with the soil (Table 13(c) and Fig. 1). Dry matter

yield was increased sÍgnificanËly by 0.5 pprn Cu when banded T^/ith Ëhe

seeds. However, when mixed with Ëhe soíl, 1.0 ppm Cu was required ín

order to signífícantly increase yields. The optímum applicaËíon raËe



L
Cu Rate'

EFFECT OF RATE OF CuSOO ON DRY

MATTER YIELD OF BARLEY SHOOTS

TABLE 13(a)

(ppn)

0.0
0.5

1.0

2.0

4.0
8.0

Dry maËter yíeld per 6 plants

TABLE 13(b)

EFFECT OF lmTHOD oF PLACEMENT OI CUSOO

ON DRY },IATTER YIELD Otr' BARLEY SHOOTS

80.

Placement4

(e)

15 .3533

16.6772

L6.736

16.588

t7 .t36
16.080

Banded with seeds

Banded 2 cm bel-ow seeds

Point source

Mixed wíth soil

1. Values followed by dÍfferent letters are sígnificantl-y
different at Ëhe 5% IeveL using Duncanrs Multíple Range Test
(from combined analysís of varíance).

2. Values for rates 0.5 to 8.0 ppm are not significantly different
from one another (from combined anal-ysis of variance).

3. 0.0 t.reatment \^7as not significantly dífferent from the average
of a1l- other treatments (from the combined analysis of varíance).

4. InËeraction beËween rate and placement r¡/as noË significant.

Dry maËter yield per 6 plants

(e)

ú.g6LL d

16.335 b

L4.933 a

17.345 c



TABLE 13(c)

EFFECT OF RATE AND METHOD OF PLACEMENT OF CuSOo

ON DRY MATTER YTELD OF BARLEY SHOOTS

Cu level

(pprn)

0.0 . , .,

0.5 Banded with seeds

0.5 Banded 2 cm below seeds

0.5 Point source

0.5 Mixed with soil
1.0 Banded with seeds

1.0 Banded 2 cm below seeds

1.0 Poínt source

1.0 }tixed with soil
2.0 Banded with seeds

2.0 Banded 2 cn below seeds

2.0 PoinË source

2.0 Mixed with soil
4.0 Banded with seeds

4.0 Banded 2 cn below seeds

4.0 PoÍnt source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Poínt source

8.0 Mixed with soil

Treatment

Placement

Dry matter yíeld
per 6 plants

81.

(e)
'|

15.353 b-
17.320 c d e

16.920 b c d

L5.357 b

17.110 b c d

18.030 c d e

15.843 b c d

15 .387 b

L7.683 c d e
16.470 b c d

i6.680 b c d

L5.323 b

17.880 c d e
18.123 d e f
16.087 b c d

15.950 b c d

18.383 e f
19.860 f
16.L43 b c d

12.650 a

15.667 b c

f
ef

ef
Í.

1. Values followed by different leËters are signífícantly different
at Ëhe 5% LeveL using Duncanfs Multiple Range Test (from simple
analysis of variance).

r
e

ef

f.

e

e
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when CUSOO

nÍxed wíth

CUSOO with

83.

banded wiËh the seeds was 8.0 ppm Cu. However, when

soil, the optímum rate appeared to be 4.0 ppm. Míxing

soil at the rate of 8.0 ppm Cu did not signifícantly

I¡iAS

the

the

increase dry matter yield; Ëhe apparenË lack of response may have been

related to Cu-Zn antagonism which is discussed under Zn uptake. Band-

íng CuSO, below the seeds or placíng it in a point díd not result in
+

yields greater than the check.

2. ConcenËration and uptake of Cu

Application of CuSOO generally increased Cu concentration in

barley shoots (see footnote 3 Èo Tables f4(a) and (b)). In contrast

to dry matter yíel-d, mixing CuSOO wÍth the soil was the most effectíve

ín increasing plant Cu concentration, followed by banding with the

seeds, banding below the seeds and finally, placíng the Cu carrier in

a point (Table 14(b)). A rate of 0.5 ppm Cu, when mixed with the soil,

was sufficient t.o increase planË Cu concentratíons (Table 14(c) and

fig. 2) whereas, when banded with Ëhe seeds or banded below the seeds,

a rate of 1.0 ppm was required to increase the plant Cu concentraËíon.

The optimr:m application rate when CuSO4 \¡Ias mixed with the soil was

2.0 ppm Cu. Inihen banded with the seeds, the optímum ratelras 4.0 ppn

and when banded below the seeds, it r,vas 8.0 ppm. However, placing

CUSOO in a poinË did not increase plant Cu concentration at any rate

of application. This likely caused the significant inÈeractions be-

trreen rate and placement method in Cu concentration and uptake (see

footnote 2 to TabLes 14(a) and (b)). Copper uptake into barley shoots

followed the same trend as Cu concerrtratíon.

itixing CuSOO wiËh the soil was the best method of placeuent
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IABLE 14(a)

COPPER I'PTAKE INTO BARLEY SHOOTS

AS AFFECTED BY RATE OF CUSO,

(ppn Cu)

0.0

0.5

1.0

2.0

4.0

8.0

Cu concentration in
the barley shoots

(pp')

2.803 a

4.03 b3

4.33 b

5.48 b

5.L4 b

5.68 b

TABLE 14(b)

COPPER I]PTAKE INTO BARLEY SHOOTS AS

AFFECTED BY METHOD 0F PLACEÌ4ENT OF CuSOO

Cu uptake into
6 barley shoots

Placement

84.

, (rne)

0.0433 a

0.062 b

0.073 c

0.092 d

0.089 d

0.092 ã

Banded with seeds

Banded 2 cm bel-ow seeds

Point source

Mixed with soíl

Cu concentration rn
barley shooËs

1.

(pp*)

5.02 
"1

4.46 b

3.37 a

6.87 d

Values followed by different leËters are sígníficantly differenË
at the 5% LeveL usíng Duncanrs Multiple Range Test (from combined
analysis of varíance).
Interaction between rate and placemenË for uptake of Cu was
significant (at t,ine 57" level) (from combined analysís of variance).
0.0 treatment \nras not. significantly dífferent from average of all
other treatments (from combined analysis of varíance).

,

3.

Cu uptake into
6 barley shoots

('e)
0.086 c

0.073 b

0.050 a

0.119 d



TABLE

UPTAKE OF Cu INTO BARLEY
RATE AND METITOD OF

Treatglent

Cu
level Placenent

(ppn)

0.0

0.5 Banded with seeds

0.5 Banded 2 cm below seeds

0.5 Point source

0.5 Míxed with soí1

1.0 Banded wíth seeds

1.0 Banded 2 cm below seeds

1.0 PoÍnt source

1.0 Mixed with soil
2.0 Banded with seeds

2.0 Banded 2 cm below seeds

2.0 Point source

2.0 Mixed with soil
4.0 Banded with seeds

4,0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm belor,r seeds

8.0 Point source

8.0 Mixed with soil

r4 (c)

SHOOTS AS AFFECTED BY

PLACEMENT OF CuSOO

Cu
in

concenËratíon
barley shoots

(ppm)

2. B0 al
3,43 a b e

3.37 a b
2.83 a

5.20 d e
4.73 b c d

4.47 b c d

3.23 a

4.90cde
4.73bcd
4.87 c d e
3.80 a b c

8.50 g

5.73 f.

4.10 b c d

3.53abc
7.20 g
5.20 d e

5.50 e f
3.47 ab c

8.33 e

Cu uptake into
6 barley shoots

85.

(ne)

0.043 a

0.060 a b. c

0.058 a b
0.043 a

0.089 e f
0.085 d e f
0.071 b c d

0.050 a b
0.087 d e f
0.078 c d e
0.081 c d e
0.058 a b c

0.152 h
0.104 f g

0.066 a b c

0.056 a b
0.132 g h
0.103 f g

0.088 e f
0.043 a

0. 133 h

e

e

1. Values followed by dífferent letters are
at the 57" Level using Duncanrs Multíple
analysis of variance).

f.

f

de

significantly dif ferenË
Range Test (from simple
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accordíng to uptake daÈa. However, the dry maËteï yield data indi-

cated thaË bandíng with the seed was the besÈ method. BoÈh meËhods

were far better than banding below the seeds.according to both dry

matter yield and uptake data. Both the yield and uptake data indí-

cated undoubtedly that placíng the cu carrier in a poínt in the soil

T,ras never an effective method of applicaÈíon. Thís resulË tends to

be ín line with previous research findings (133, 135, L77) rhaË mixíng

cusoo with the soil or bandíng with the seeds in lesser amounts pro-

vided the optimum nutrítional cu leve1 in plants, resultíng ín better

growËh and higher yields.

3. Crítical leve1 of Cu Ín barley shoots

The critÍcal level of Cu concentration ín the barley tissue was

determined using the modified method proposed by cate and Nelson (3g)

and elucidated in cox and KampraËh (45). The method, desígned for

deËerminatíon of the critical levels of micronutrients in soi1, T,ras

applied to plants. Yields were plotted against ïespective Cu concen-

trations (Fig. 3). Two perpendicular r-ines were drawn, one parallel

with the x axís and the oËher with Ëhe y axís, so that there was

minimum number of observatíons in the upper left-hand and lower ríght-

hand quadrants. The intersectíon wíth the x axis was taken as the

criËical 1evel. rn effect, thfs nechanÍsm separated the plants with

larger yield responses from those with lower or no yield responses.

On this basis, the critical level of Cu concentraËion in barley shoots

was found to be 5.3 ppm. This same critical leve1 of Cu concentration

!\ias proposed by Melsted, Motto and peck (106) for wheat, barley and

oats. However, it must be conceded that thís estimated crítical leve1
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may be lower than the actual critícal level- as the Zn nutrítíonal-

status of Ëhese plants may have been limiting yields.

4. Concentration and uptake oÍ. Zn

Zn concentration ín the barley shoots and Zn uptake into barley

shoots decreased as the rate of applied Cu increased (Tab1e i5 (a) ) .

However, method of CuSOO placemenË had no sígnificant effecË upon Zn

conceriÈTatíon or upt.ake (Tab1-e i5(b)). In general , Zn concentratíons

tended to be low when Cu concenËratíons were high (Tables 14(c) and

15 (c) ) . The low Zn concentrations associaLed wíth hígh Cu conceritra-

tíons may have resulted from something more than dilution since Zn

upLake decreased in the same pattern as Zn concentTatíon when Cu con-

centration increased. High Cu may have ín some way inhibíLed Zn

upËake or Ëhe translocatíon of Zn from the roots Ëo the shooÈs. The

criËícal level of Zn concentration in lcl:re Zn experiment was 12.5 ppm.

Thís implies that all barley plants ín the Cu experiment \^7ere Zn de-

ficient with the exception of those receiving no Cu, those receivÍng

0.5 ppm Cu banded bel-ow the seeds or pl-aced in a point, and those

receiving 1.0 or 2.0 ppn Cu banded below the seeds. IË is also in-

teresting to note thaË the DTPA extractable Zn level of this soil was

only 1 .2 ppm (Table B), just slightly above the critícal level of 1.0

suggested by Líndsay and Norvell (+t¡. Accordíng to the uptake data,

the optimum Cu level rsas 8.0 pprn when mixed throughout. The faílure

of dry matter yield to behave sirnilarly may have resulted f.rom Zn

deficiency. Had Zn been applied in the Cu experiment, Ëhe highest

yíeld would perhaps have been obtained,.,provided other factors are

not limiting growËh, when CuSO, was mixed rvith the soil.,

89.



TABLE 15 (a)

ZÏNC I]PTAKE INTO BARLEY SHOOTS
AS AFFECTED BY RATE OF CuSOo

Rate3

(ppn Cu)

0.0

0.5

1.0

2,0

4.0
8.0

Zn
in

concenÈration
barley shoots

(ppm)

16.22 ð.4

13.9 c

r2.2 b

11.5 a b
10.9 a

10.8 a

Zn uptake into
6 barley shoots

ZINC TIPTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METHOD OI'PLACEMENT OF CuSOO

Placement

90.

Banded with seeds

Banded 2 cm below seeds

Point source

Mixed with soil

(urg)

0.2482 d.4

0.230 c

0.204 b

0. i91 b

0.187 a b

0.I73 a

TABIE ls(b)

Zn
an

concent.ration
barley shoots

l.
)

Values for placemerit are not significant.ly different.

(ppm)

11.31

12.3

L2.6

rt.2

0.0 treatment is sígnificantly hígher (at 5% level) than average
of a1l oLher treatmenËs (from combíned analysis of varíance).
Tnteraction betr¿eeri rate and placement was not significanL.
Values followed by different letters are significantly dífferent
at the 57" Level (from combined analysis of varíance).

J.

4.

Zn uptake inÈo
6 barley shoots

(rng)

0.2031

0. 201

0.189

0.194



UPTAKE OF Zn INTO BARLEY SHOOTS AS AFFECTED BY
RATE AND METHOD 0F PLACEMENT 0F CuSOO

Cu
level

Treatment

Placement

(ppn)

0.0

0.5 Banded wíth seeds

0.5 Banded 2 cm bel-ow seeds

0.5 PoinË source

0.5 l{Lxed with soil
1.0 Banded wíth seeds

1.0 Banded 2 cm below seeds

1.0 Point source

1.0 Mixed wíth soil
2.0 Banded with seeds

2.0 Banded 2 cm below seeds

2.0 Point source

2.0 Mixed with soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 PoÍnt source

4.0 Mixed with soil
8.0 Banded wíth seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 l"lixed with soil

TABLE 15(c)

Zn
an

concentration
barley shoots

(ppm)
1L6.2- c d

11.9 a b c

13.6 b c

18.4 d

11.8 a b c

L2.0 a b c

13.0abe
Lt.7 a b c

12.2 a b c

10,2 a b

13.3abc
10.4 a b
I2.0 a b c

11.5 a b c

10.5 a b
11.1 a b
10.5 a b

11.0 a b
11.3 a b
11.5 a b

9.4 a

9L.

Zn uptake into
6 barley shoots

(ne)

0.248 c d

0.204 b c

0.230 b c d

0.284 d
0.201 b c

0.216 b c d

0.203 b c

0.181 b c

0.215 b c d

0.168 b

0.221 b c d

0. 169 b

0.213 b c d

0.209 b c

0.209 b c d

0.L77 b c

0.193 b c

0.219 b c d

0.181 b c

0.L46 a

0.147 a

i. Values followed by different letters are
at the 5% LeveL usíng Duncanrs Multiple
analysis of variance).

sígníficantly díf ferent
Range Test (from simple
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It has been reported in the literature (177) Ëhat excesses of

other ¡nícronuËrients can índuce Zn deficiency. In this experiment,

Cu may have induced Zn deficiency. McGregorÌs (104) finding was

sínilar Ëo this work. He observed that increasÍng Ëhe level of Cu

decreased both Zn concenËration and Zn uptake ín flax. The effect,

ín other words, hras not likely due Ëo dilution alone. He concluded,

hor^lever, ttrax Zn was not. deficient aË the higher levels of Cu because

plant Zn concentTations were all above any critical levels reported

in the literature. A1-though dry matter yields were ofËen higher when

both Cu and Zn were applied than when Cu was applied alone, he attri-

buËed Ëhis to Zn íncreasíng Ëhe effectiveness of Cu rather than to Zn

deficiency. In this experiment, Cu r,nras applied alone and excess of

Cu depressed Zn concentTation and upÈake to the extenË that nearly

all the plants were Ztt deficient, and this Cu-Zn antagonisn \^ras re-

flected ín the yields.

5. ConcenËratíon and uptake of Fe

Iron concentraËion and uptake followed Ëhe same trend as Zn con-

cenËrations and uptake, decreasing as the 1evel of applied Cu was

increased (table 16 (a) ) . Method of placement of CuSOO had no effect

on Fe concentTation (Table 16 (b)). However, Fe upËake decreased in

the order banded with the seeds, banded below the seeds, mixed with

the soil, and point source. (tabl-e 16(b)). The effect of placement

of CuSO, on Fe upËake likely resulted from placenentrs influence upon
4

dry matter yield. As wítln Zt, both Fe concentration and uptake tended

to be low when Cu concenËration and uptake r¡rere high (Tables 16 (c) and

14(c)). Notable exceptíons to that trend were the point source appli-



Rate

TABLE 16 (a)

IRON UPTAKE INTO BARLEY SHOOTS

AS AFFECTED BY RATE 0F CUSOO

(ppn Cu)

0.0

0.5

1.0

2.0

4.0

8.0

Fe
in

concenËration
barley shoots

(ppm)

t32.5 d2

101 .5 c

90"4 b

82.3 a

89.0 b

77.1 a

Fe uptake into
6 barley shoots

IRON I]PTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METHOD OF PLACEI4ENT OF CUSOO

93.

Placement

Banded with seeds

Banded 2 crn below seeds

Point source

Mixed with soil

(rog)

2.03

i .68

1.53

L.36

t.52
1.25

rABLE 16 (b)

d2

c

b

a

b

a

Fe
in

concentraLíon
barley shoots

1.

)
Values for placemenË are not significantly dífferent.
0.0 treatment r^/as significantly different (at the 5% leve1)
from the average of all other treatmerits (frour combined
analysis of variance).

(ppm)

93.51

91.8

84.7

82.2

Fe uptake into
6 barley shoots

(me)

1.68 d

1.50 c

I.27 a

r.42 b



Cu
level

I]PTAKE OF TE INTO BARLEY SHOOTS AS AFT,ECTED BY

RATE AND METHOD OF PLACEMENT OF CUSO.

Treatment

Placement

(ppm) ----
0.0

0.5 Banded with seeds

0.5 Banded 2 cm belovr seeds

0.5 Point source

0.5 Mixed \,rith soil
1.0 Banded with seeds

1.0 Banded 2 crn below seeds

1.0 Poínt source

1.0 Mixed vii-th soil
2.0 Banded with seeds

2.0 Banded 2 cm belor,nr seeds

2.0 Point source

2.0 Mixed with s.oil

4.0 Banded r,rith seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soil-

8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Poínt source

8.0 Míxed with soil

TABLE 16 (c)

Fe concentration
in barley shoots

(ppm)

L3z.5L f

94.

98.3 c d e f
86.7 a b c d e

122.5 e f.

98.3 c d e f
116.7 d e f
93.3 b c d e f
60.0 a

BL.l a b c d e

83.3 a b c d e
93.3 b c d e f
85.0 a b c d e

67.5 ab c

BB.3 a b c d e
103.3 c d e f
84.2 a b c d e

80.0 a b c d

80.8 a b c d

82.5 a b c d e
6L.7 a b

83.3 a b c d e

Fe uptake ínto
I-2 barley shoots

(me)

2.03 e f
1.71 c d e f
1.47 b c d e f
1.88 d e f
1.68 b c d e f
2.ll e f
1.49 b c d e f
1.08 a b
L.44 b c d e f
1.37 b c d e

1.55 b c d e f
I.30 a b c d

l.2L ab c

1.60bcdef
1.66 b c d e f
I.34 a b c d

1.46 b c d e f
1.61 b c d e f
1.33 a b c d

0.74 a

L.32 a b c d

1. Values followed by different letters are significantly differerit
at the 57" Leve! using Duncanrs Multiple Range Test (from símp1e
analysis of variance).
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cation aË 1.0 and 8.0 ppn. Since both the concentraËíon and uptake of

Fe were 1ow when Cu concenËration and upËake T¡rere high, the 1ow Fe

concentratíons may not have been caused by dilution alone. However,

the low Fe upËake associaËed with high Cu uptake may have resulted

partially from Zn limítÍng growth. The criËícal leve1 of Fe in cereal

vegeËaËive tissue üras reported by Jones (aZ¡ to be 50.0 ppn. Conse-

quently, regardless of whether the low Fe concentrations were caused

by dilutíon or Cu-Fe anËagonism, it is unlike1y that low Fe staËus r¡Ias

liniting the response to applied Cu.

6. Concentration and uptake of l"fn, Nr P.-aäd K

ConcentraËions of luÎn, N, P and K in barley shoots and uptake of

¡,fn, N and K into barley shoots T¡iere noL affected by rate or method of

placemenr, of CuSOO (tables L7 to 20, (a), (b) and (c)). However, P

uptake was influenced by method of placement of CuSOO (Tables 19. (b)

and (c) ). This probably resulted from the effect of Cu nuËritional-

sËatus upon dry matter yield rather than a Cu-P antagonism.

The crít.ícal level for IuIn, N, P and K in cereal pl-ants have been

established at 20.0 pprn, L.25%, C.L5% and 1.25%,',respectíve1y (82,

f06). Ihe barley plants ín this experiment r^rere not. defícient ín ìfrt,

N or P. However, some plants may have been deficient ín K. This de-

fíciency probably T¡ras not serious enough to erroneousl-y affect any

conclusions concerr.ing Cu nutritíon of the barley.

D. Growth Chamber Zn Experíment. .

1. Dry Matter Yield

Application of ZnSOO significantly increased the yield of barl-ey

shoots as indicated by the combined analysís of varíance (see footnoËe



Rate

}.ÍANGANESE TIPTAKE INTO BARLEY SHOOTS

AS AFFECTED BY RATE OF CuSOo

(ppm Cu)

0.0

0.5

1.0

2.0

4.0

8.0

TABLE i7(a)

Mn
an

concen tration
barley shoots

(ppm)

27.0r

24.4

25.L

29.9

23.8

3L.2

I,In uptake inÈo
6 barley shoots

MANGANESE I]PTAKE
BY METHOD

96.

Placement

Banded wiËh seeds

Banded 2 cm below seeds

PoinË source

Mixed wíth soíl

(me)

0.4151

0.42t
0.415

0 .496

0.500

0 .486

TABLE 17(b)

INTO BARLEY SHOOTS AS AFFECTED
OF PLACEI.IENT OF CUSOO

ì4n

l_fl
concentration
barley shooLs

I . There r¡rere no sígnif ícant dif ferences.

(ppr)

25.21

24.6

28.o

29.8

l"In uptake inËo
6 barley shoots

('e)
0.4501

0.398

0. 411

0.s23



TABLE 17(c)

UPTAKE OF MfI INTO BARLEY SHOOTS AS AFFECTED BY

RATE AND METIIOD OF PLACEMENT OT CUSOO

TreatmenË
Cu

l-evel PlacemenË

(ppm)

0.0

0.5 Banded with seeds

0.5 Banded 2 cm belor,¡ seeds

0.5 PoinË source

0.5 Mixed wíth soíl
1.0 Banded with seeds

1.0 Banded 2 cm below seeds

1.0 Point source

1,0 Mixed with soil
2.0 Banded wíth seeds

2.0 Banded 2 cm below seeds

2.0 Point source

2.0 Míxed with soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Point source
l+.0 Míxed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 Mixed with soil

Mn
an

concentration
barley shoots

(pp*)

27 .OL

2L.7

26.3

27 .L

22.s

16.7

25.5

32.2

26.1

32.9

t9.6
29.3

37. B

30.0

16.7

24.6

23.8

24.6

3s .0

26.8

38.6

97.

luln uptake into
12 barLey shoots

(me)

0. 41s 
i

0.374

0 .443

0.417

0.386

0.299

o .404

0.492

0 .465

0.542

o "326

0 .446

0 .671

0.s43

0.269

0.392

0 .434

o .492

0. s48

0. 308

0.597

1. Values r^7ere not significantly different.



NITROGEN I]PTAKE INTO BARLEY SHOOTS

AS AFFECTED BY RATE OF CUSO,

Rate

(ppm Cu)

0.0

0.5
1.0

2.0

4.0

8.0

TABLE 1B(a)

N concenËration
in barl-ey shooËs

(i0

2.5gL

2.14

2.40

2.60

2 .48

2.56

N uptake into
6 barley shooËs

NITROGEN UPTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METIIOD OF PLACEMENT OI CUSOO

98.

Placement

(ne)

36gt

356

399

43r

424

400

Banded wiËh seeds

Banded 2 cm below seeds

Point source

Mixed wíth soil

TABLE l8(b)

N concent.ration
in barley shoots

1. There \^rere no significant differences.

(7")

2.3LL
t J?.

2.55

2.65

N upÈake ÍnËo
6 barley shooËs

(rng)

4L4T

364

372

458



I]PTAKE OF

RATE

Cd
level

TABLE 18(c)

N INTO BARLEY SHOOTS AS AFFECTED BY

AND METHOD 0F PLACEMENT OF CUSOO

TreaËment

Pl-acement

(ppr)

0.0
0.5 Banded wíth seeds

0.5 Banded 2 crn below seeds

0.5 Point source

0.5 Mixed with soil
1.0 Banded with seeds

1.0 Banded 2 cm below seeds

1.0 PoinË source

1.0 Mixed wíth soíl
2.0 Banded with seeds

2.0 Banded 2 cm below seeds

2.0 PoinË source

2.0 Míxed with soil
4.0 Banded wíth seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 PoinË source

8.0 Mixed with soil

N concenËraËíon
in barley shoots

(%)

2.sgL

2.05

2.19

2 "26

2.07

2.07

2.30

2.s4

2.69

2.19

2.L9

2.76

3.26

2.67

2.36

2.27

2.61

2.54

2.L4

2 "92
2.64

99.

N

t2
uptake into
barley shoots

(me)

396r

369

365

346

354

372

36s

384

474

362

364

423

577

483

378

362

473

501

345

343

409

1. Values are not significantly dífferent from each other.



TABLE 19 (a)

PHOSPHORUS I]PTAKE INTO BARLEY SHOOTS

AS AFFECTED BY RATE OF CUSO.

RATE

(ppn Cu)

0.0
0.5

1.0

2.0

4.0
8.0

P concenÈration
in barley shooËs

(7.)

0.5031

0 .477

0 .456

0.485

0.514

0. 498

P uptake inLo
6 barley shoots

PHOSPHORUS T]PTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METHOD OF PLACEMENT OF CuSOO

100.

Placement

Banded with seeds

Banded 2 cm below seeds

Poi.nt source

Mixed with soil

(rne)

77.2r

79.3

72.7

80. 7

91.5

78.7

TABLE 19 (b)

P concentraËion
ín barley shoots

1. Values are not signíficantly dífferent.
2. Placement values followed by different letters are

different at the 5% Leve1. using Duncanrs MulËiple
(from combined analysís of variance).

(/")

o .440t
0.519

0 .476

0.509

P upt,ake into
6 barLey shoots

(ne)

n.+2 a

84.s b

70.3 a

88.2 c

significantly
Range Test



TABJ,E

i]PTAKE OF P INTO BARLEY
RATE AND },ÍETHOD OF

Cu

leve1

TreatmenÈ

Placement.

(pprn)

0.0

0.5 Banded wíth seeds

0"5 Banded 2 cm below seeds

0.5 Point source

0.5 Mixed with soíl
1.0 Banded wÍth seeds

1.0 Banded 2 cm below seeds

1.0 Poínt source

1.0 Míxed with soil
2.0 Banded with seeds

2.0 Banded 2 cm belor¿ seeds

2.0 Point source

2.0 Mixed wíth soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Poínt source

4.0 l[lxed wíth soil
8.0 Banded wíth seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 Mixed wiËh soil

19 (c)

SHOOTS AS AFFECTED BY

PLACEMENT 0F CUSOO

P concentratíon
in barley shoots

(i4)

0.5031

0 .437

0.5 B7

0 .447

0.437

0.373

0. 410

o .463

0 .497

0.403

0. s33

0.4s0

0.553

0.517

0. 430

0.563

0.s47

0 .470

0 .557

o .457

0.510

101 .

P

L2
uptake into
barley shooËs

(me)

t
77.2'a b c

75,2 ab c

99.0 e f
68.3abc
74.7 ab c

67.L ab e

65.0 a b
7L.5 ab c

87.3 b c d

66.4 a b c

B8.B b c d

68.8 a b c

98.7 d e f
94.6cde
81.0 b c d

B9.B b c d

101 f.

93.5cde
BB.5bcd
53.2 a
79.7 ab c

def
def

1.

n

d

def

Values are not signíficantl-y different.
Values followed by different letters are signifícantly different
at the 57" Level using Duncanrs Mu1.tÍp1e Range Test. (from sírnple
analysis of variance).

def
ef

ef
de

f
ef
ef

f
ef

def



TABLE

POTASSII]M I]PTAKE
AS AFFECTED BY

Rate

(ppm Cu)

0.0

0.5

1.0

2.0

4.0

8.0

K concentration
in barley shoots

20 (a)

INTO BARLEY SHOOTS

RATE 0F CuSO*

(7")

1.881

1 .56

I.4L
1.13

0.9I
r.44

K uptake into
6 barley shoots

POTASSII]M I]PTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METHOD OF PLACEMENT OF CUSOO

L02.

Placement

(me)

2 BB1

26t

235

188

166

232

Banded with seeds

Banded 2 cm below seeds

Point source

Mixed wíth soil

TABLE 20 (b)

K concentration
ín barl-ey shoots

1. There are no significant differences.

(%)

1. 351

r.29

1. 39

1. 18

K uptake inËo
6 barley shoots

(me)

245r

208

209

202



TABIE

T]PTAKE OF K INTO BARLEY
RATE AND METHOD OF

Cu
leve1

TreaÈmenL

Pl-acement

(ppm)

0.0

0.5 Banded with seeds

0.5 Banded 2 cm below seeds

0.5 PoinË source

0.5 Mixed with soil
1.0 Banded wiËh seeds

1.0 Banded 2 cm below seeds

1.0 Point source

1.0 Mixed with soil
2.0 Banded wíth seeds

2.0 Banded 2 cm beloT^7 seeds

2.0 Point source

2.0 Míxed wíth soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Poínt source

8.0 Mixed with soil

20 (c)

SHOOTS AS AFFECTED BY
PLACEI4ENT OF CUSOO

K concentration
ín barley shooËs

(%)

1. BB1

r.79
L.40

1 .89

t.L7
L.57

1.68

r.12
1.27

1.04

L.02

1.18

| "29

0.93

0.90

1.31

0.79

L.44

1.46

i.45
1.39

103.

K
L2

uptake into
barley shoots

(me)

2 BB1

3L2

236

295

L99

282

264

170

223

t7L

r69

179

23L

168

t44
208

t44
293

228

L92

215

:1-

1. Values are not sígnificantly different.
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to Tables zr(a) and (b)). Dry matter yield of barley shoots was

significantly increased by 0.5 pprl Zn when all plaeernéiitË têîè:'taken

together (table 2L(a)) but 2.0 ppm or moïe of. zn did not íncrease

yíe1ds over that for 1.0 ppn. Banding znsoo wíth the seeds and

mixíng tt,e zn carrier with the soil were the most effective in

increasing the yields, followed by banding the zn carcLer below the

seeds. Placing znsoo ín a poinË was the leasr effective (table 21(b)).

only 1.0 ppm Zn banded with the seeds or mixed throughout the soil
was needed to significantly increase the yields over that for check

(table 2L(c) and FÍg. 4). In additíon for rhose rwo merhods, no

further increases in yíe]-d were obtained above l.o ppm Zn. A rate

of 4.0 ppm Zn when banded uetow the seed was required to signifi-

canËly increase yield over cheek. I,lhen banded below seed, there

were no furËher yield increases above 4.0 ppm zn. Regardless of

raËe' poínt source applicatíon r¡/as not effectíve in increasing yie1d.

2. Concentration and uptake of. Zn

Application of ZnSOO generally increased tlne Zn concenËrat.ion

and Èhe upËake (footnote 3 to Table 22(a)). rn contrasË to dry matter

yíe1d, hornrever, both Zn concentration and uptake increased as t]¡e zn

application level was increased from 1.0 to 16.0 ppm (Table ZZ(a)).

Method of placement also influenced Zn concentration and uptake more

than it influenced dry maËrer yield (Tables zL(b) and 22(b)). Míxing

znso, with the soil was the most effective in íncreasing the plant4

concerì.tratíon and uptake of Zn. This was followed by banded with the

seeds ) banded below rhe seeds ) point source (Table zz(b)). There

!/as a significant interactíon between rate and method of applicaËion



_2Rate

EFI.ECT OF RATE

MATTER YIELD

(pprn Zn)

0.0

1.0

2.0

4.0

8.0

16 .0

TABLE 2L(a)

OF

OF

ZnSOO 0N THE DRY

BARIEY SHOOTS

Dry matter yíeld per 12 plants

(e)

lr116.48' a

19.88 b

L9.69 b

20.20 b

2L.32 b

19. B0 b

105.

EFFECT 0F METHOD OF PLACEMENT OF ZnSOO ON

THE DRY }4ATTER YIELD OF BARLEY SHOOTS

2Pl-acement

Banded with seeds

Banded 2 cm belor¡ seeds

Point source

Mixed r¿íth soil

rABLE 21(b)

Dry matËer yield per 12 plants

1. Values followed by different letËers are significantly different
(at 57" 1eve1) using Duncanrs Multiple Range Test (from combíned
analysis of variance).

, Tnteraction between rate and placement was not sígnificant aL 57"
level (from combined analysis of variance).
0.0 treaËment was significantly lower (at 57. level) than average
of all other treatmeriËs (from combined analysis of varíance).

J.

(e)

2I.04 
"1

19. 84 b

18. 15 a

21.69 c



DRY MATTER YIELD OF BARLEY SHOOTS AS AFFECTED BY

RATE AND METIIOD OF PLACEtr4ENT 0F ZnSOO

Zn
leve1

Treatment

Placement

(pp*)

0.0
1.0 Banded r,rith seeds

1.0 Banded 2 cm bel-ow seeds

1.0 Poínt. source

1.0 Mixed wíth soil
2.0 Banded r¿ith seeds

2.0 Banded 2 cm below seeds

2.0 Point source

2.0 Mixed wiËh soil
4.0 Banded with seeds

4.O Banded 2 cin below seeds

4.0 Point source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 Mixed with soíl
16.0 Banded wÍth seeds

16.0 Banded 2 cm below seeds

16.0 Point source

16.0 Mixed with soil

TABLE 21 (c)

Dry matter yield per L2 plants

106.

t6.48
2t.15
19.66

18.53

20.t6
20.99

L9 .43

t7 .s6

20.76

19.36

19.74

L9.22

22.50

22.70

20.5L

18.99

23.I0

20.98

19 .86

16.44

21.93

(e)
1

a

cdef
abcd
ab c

bcde
cdef
abcd
ab
bcde
abcd
bcde
abcd
def
ef
bcde
abcd
f
bcde
bcde
a

cdef

ef

f

ef

Í.

ef
f.

e

1. Values followed by different letters are signifícantly different
at the 57. LeveL usíng Duncants Multiple Range Test (from simple
analysis of variance).

f
Í.
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Rate

TABLE 22(a)

Z]NC UPTAKE INTO BARLEY SHOOTS
AS AFFECTED BY RATE OF ZnSOo

(ppn Zn)

0.0

1.0

2.0

4.0

8.0

16.0

Zn
an

concenÈration
barley shoots

(ppn)

g.073 a

14.L c

L2.6 b

L6.4 d

21.6 e

29,7 f.

Zn uptake into
12 barley shoots

ZÏNC T]PTAKE TNTO BARLEY SHOOTS AS AFFECTED
BY METHOD OF PLACEMENT OF ZnSOO

t0 B.

Placement2

Banded wiËh seeds

Banded 2 cm below seeds

Point source

Mixed with soíl

(rng)

0.1503 a

0.296 c

0.243 b

0.340 d

0.475 e

0.620 f

TABT,E 22(b)

Zn
an

concentration
barley shoots

1. Values followed by different letters are significantly different
aË the 57" Level- using Duncanrs Multiple Range Test (from the
combined analysis of variance).
Interaction between rate and placement Ì¡ras significant, at t1ne 5%
leve1 (from combíned analysis of variance).
0.0 treatmenË was significantly lower (at 52 level) than average
of all- other treatments (from the combíned analysis of variance).

(ppto)

19 .51 c

T6.L b

9.8 a

30.2 d

t

Zn uptake into
L2 barLey shoots

(ne)

0.412 c

0,321 b

0.L73 a

0.674 d
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for both concentratíon and uptake of Zn Índicating that rate behaved

differently depending upon nethod of applicaËion (footnote 2 to

Table 22(a) and Fig. 5). inihen mixed with soil, only 1.0 ppm Zn was

required to significantly increase Zn concent.ration, but when banded

wíth the seeds, 4.0 ppm T¡/as required. However, when banded below the

seeds, 8.0 ppm r¡/as required (Table 22(c) and Fig. 5). Regardless of

Zn LeveT, applyin9 ZuSOO in a poinÈ did not increase plant Zn concen-

tration. This explains the failure of applying Zn f.ertiLi-zer ín a

point Ëo increase the dry matter yield. In addition, it explains

why there was sígnificant ínteractíon between rate and meÈhod. The

optímum Zn concentratíon level for all methods except poínt source

was 16.0 ppm. The faílure of application of ZISOO to influence growth

as much as zn concentration may have been caused by a relatively low

critical leve1 or some other factor other tlnan Zn supply limiËing

growth.

trrlith a few minor exceptions, Zn upËake behaved sírnilarly to Zn

concefitratíon (TabLe 22(c)). The critical level of. zn concentration

in barley shoot.s as estimated ín the same manner as Cu critical level

was found to be 12.5 ppn (Fig. 6). This value is somewhat lower than

the crítical level of 15.0 ppm reporËed byMeligeeäer a1. (106) for

wheat, barley and oaËs. As discussed later under Fe upËake, it is

possible that the Fe nutritional status of the barley shoots may have

linited the yield. That may at least partially account for the rather

Low Zn critical leve1 obtained in this experiment.

The findings in this experiment were similar to certain previous

research findings (6,26,28,98) thar mixing ZnSOO with soil ar



TABLE

I]PTAKE OT Zn INTO BARLEY
RATE AND METHOD OF

Zn
level

Treatment

Placement

(ppm)

0.0

1.0

1.0

1.0

1.0

2.0

2.0

2.0

2.0

4.0

4.0

4.0

4.0

8.0

8.0

8.0

8.0

16.0

16.0

16 .0

16.0

22(c)

SI1OOTS AS AFFECTED BY
PIJ,CEMENT 0T ZnSOO

Banded with seeds

Banded 2 cm below seeds

Point source

Mixed wiËh soil
Banded with seeds

Banded 2 cn below seeds

Point source

Mixed with soil
Banded wíth seeds

Banded 2 cm below seeds

Point source

Mixed with soíl
Banded with seeds

Banded 2 cm below seeds

Point source

Mixed with soil
Banded with seeds

Banded 2 cn below seeds

Point source

Míxed with soil

Zn
an

concentraËÍon
barley shooËs

(pprn)

19.07 a-

15.1 a

13.1 a

9.37 a

18.9 c

13.7 a

Lz.B a

9.77 a

13.9 a

17.9 b

L3.7 a

9.83 a

24.1 e

20.2 d

17.9 b

9.00 a

39.2 c

30.4 Í.

22.6 d

10.9 a

54.9 h

110.

Zn uptake into
L2 barley shoots

bc
b

(mg)

0. 153 a

0.322 c d e

0.26L a b c

0.181 a b
0.434 e f
0.292 b c d

0.244 a b c

0.156 a

0.293 b c d

0"353 d e f
0.281 a b c

0.L97 a b c

0.549 g h
0.467 t s

0.377 d e f
0.178 a b
0.909 i
0.648 h
0.455 f g

0.187 a b
L.2L j

d

b

f.

d

b

c

b

1. Values followed by different letters are
at the 5% level using Duncanrs Multiple
analysis of variance).

e

d

e

cd

e

de

signif icantly dif ferent
Range Test (from simple
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varíous rates T¡ras more effective than bandíng wíth the seeds or placing

in a poínt in the soil and ËhaË mixing Ëhe Zn carrier with the soil r¿as

sometímes as effective as ZnEDTA in íncreasíng the yield and uptake of

Zn for the crops. The observation of Terman eË al. (175) is partícul-

arly relevant Ín this work. T'hey for¡nd that the yield and upËake of Zn

by corn from ZnSOO applied to certain calcareous soils in Tennessee

increased in order ZnSOO mixed alone with soil- ) ZnSOO íncorporated

ínto NHONO, or (NH4) ZSO42 ZnSOO incorporated into APP >no'"2n. The

corresponding similar treatments in this work would then be mixing

ZnSOO wíth the soil- ) ZuSOO banded together wíth NHOIIrPOO with the

seeds ) no Zn. In other words, mixing ZnSOO alone with soil is pro-

bably the best method of applícaËion.

3. Concentration and uptake of Cu

Both Cu conceritrat.ion and uptake were unaffected by raËe or meËhod

of placement of ZnSoO (tables 23(a),(b) and (c)). In addítion, the

level of Cu in Ëhe plant Lissue hras above the critical levels reported

ín the literature and deËermined in Ëhe Cu experimenË. Therefore, Lake-

land clay loam probably supplied sufficíent Cu for the nuËrítional needs

of barley seedlings.

4. ConcentraËion and uptake of Fe

Barley plants receiving ZnSOO contained less Fe than barley p1-anËs

which rüere not f.ertiLized with tlne Zn carríer (footnote 3 Ëo Table 24(a)) .

Both Fe concent.ration and uptake decreased r¿ith increasing level of

applíed Zn (TabLe 24(a)). The effect of placement of. ZnSOO on Fe con-

centration and uptake was the opposiËe of the effect of the Zn carrier

upon Zn concenËration and uptake. The Fe concentration and uptake of Fe



TABLE 23(a)

COPPER UPTAKE INTO BARLEY SHOOTS

AS AFI.ECTED BY RATE OF ZnSOo

_2Rate

(ppm Zn)

0.0
1.0

2.0

4.0

8.0

16 .0

Cu
an

concentration
barl-ey shoots

(ppm)

6.67r'3
6.16

6.27

6.62

6.51

6.00

Cu uptake into
12 barLey shoots

COPPER IIPTAKE INTO BARLEY SHOOTS AS ATFECTED
BY METHOD 0F PLACEMENT OF ZnSOO

LL4.

2Placement

Banded with seeds

Banded 2 cn below seeds

Poínt source

l{ixed with soil

(ne)

o. 1101'3

0.L23

0.t22
0. 136

0. 140

0.L20

TABLE 23(b)

Cu
in

concentratíon
barley shooËs

1.

t

-).

Values are noË significantly different.
InteracËíon between rate and placement was

0.0 treatment was not sígníficantly lower
analysís of variance).

(ppm)

6.111

6.39

6. s5

6.31

Cu upËake into
L2 barLey shoots

(*e)

0.1301

0.L25

0.L20

0.139

not significant.
(from Ëhe combined



TABLE 23(c)

I]PTAKE OF Cu INTO BARLEY SHOOTS AS AFFECTED BY

RATE AND METHOD OF PLACEMENT OF ZnSOo

Zn
leve1

Treatment

Placement

(ppn)

0.0

1.0 Banded with seeds

1.0 Banded 2 cm below seeds

1.0 Point source

1.0 Mixed with soíl
2.0 Banded wíth seeds

2.0 Banded 2 cn below seeds

2.0 Point source

2,0 Mixed with soil
4.0 Banded wíth seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 Míxed with soil
16.0 Banded with seeds

16.0 Banded 2 cm below seeds

16.0 Point source

16.0 Mixed wiËh soil

Cu
in

concentratíon
barley shoots

(ppm)

6 "67L
6,23

6.50

6.37

5.s3

s .93

6.s0

6. 10

6. s3

6. B0

6.40

7 .03

6.23

5.97

6.L7

6.63

7.40

s.63

s .90

6. 60

5.87

115 .

Cu uptake into
12 barLey shoots

(me)

0.1L2

0.L37

0.136

0.t24
0.115

0.t26
0.133

0.115

0. 148

0. 143

0.131

0.L44

0.L45

0.r42
0. 135

0.L32

0.173

0.L27

O.LzB

o.Llz
0.133

1. No significant differences at x1ne 5% level.
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TABLE 24(a)

IRON I]PTAKE ]NTO BARLEY SHOOTS

AS AFI'ECTED BY RATE 0F ZnSOO

(ppm Zn)

0.0

1.0

2.0

4.0

8.0

16 .0

Fe
l_n

concefltratíon
barley shoots

(pp*)

i50.03 d

69.8 c

62.7 b

64.4 c

52.0 a

5B.s b

Fe uptake into
12 barLey shoots

IRON UPTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METHOD OF PLACEMENT OF ZnSOO

LT6.

Placement2

Banded with seeds

Banded 2 cm below seeds

PoinË source

Mixed with soil

(me)

2.483 e

L.37 d

L.2L b

I.28 c

1.15 a

1.11 a

TABLE 24(b)

Fe
in

concentration
barley shoots

1. Values followed by different letters are significantly differenL
at the 5% 1eveL using Duncanr s Multiple Range Test (from combined
analysis of variance).
Interaction between rate and placement T¡ias noË significant at 57.

level (fron combíned analysís of variance).
0.0 treatmenË \^7as significantly higher than average of all other
treatments (from combíned analysis of variance).

(ppm)

52.gr b

56.3 b

89.7 c

46.9 a

)

J.

Fe uptake ínto
L2 barley shoots

(me)

1.111 b
1.11 b

1.68 c

1.01 a
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decreased ín the order point source ) banded wíth the seeds = banded

below seeds ) mixed with the soil (TabLe 24(b)). Símilarly, iË i.s

obvíous fron Tables 22(c) and 24(c) that Fe concentratíon and uptake

rrrere 1ow when Zn concentTation and upËake were high. Decreases in

plant Fe concentration wÍth increasing level of applied Zn may not

have resulted from dilution alone sínce ËoËa1 Fe uptake into the bar-

ley shooËs also decreased. lligh Zn may have depressed the uptake of

Fe or decreased translocatíon of Fe from the roots to the shoots. The

metabolic functÍoning of Fe in plant.s is known Ëo be connected ín some

manner wíth the suppl-y of. Zn. Rossell and ülrich (150b) reported that

as Ëhe applied Zn level \nras increased from 0 to 12 ppm, Fe concentra-

tion in leaves of sugar beets decreased from 9I7 to 94 ppm. Their

results were similar to Ëhe results ín thís study. Ambl-er and Brown

(3) also noted Ëhat two varieties of navy beans exhibited differential

susceptibility to Zn deficiencies because one of the planË varieties

conËained more Fe and P than the other but less Zn. In other words,

the varíeËies exhibited differentially Zn defi,cí.ency symptoms by their

control of Fe or P.

The criËical level of Fe ín cereal (wheat, barley and oats),vege-

tatíve tíssue according to Jones (82) is estimaËed at 50.0 pprn. 0n the

basis of this critical level, míxing ZnSOO with Lhe soil at all rates

except 1.0 ppm Zn,bar^díng the Zn cartÍ.er at all rates except at 1.0

ar.d 2.0 ppn Zn, and banding the fertilizer below the seeds at 8.0 and

16.0 pprn Zn resulted ín Fe deficient barley plants. The Fe deficiency

in these plants might have limíted response Ëo Zn and resulted in an

erroneously low Zn critLcal level.



TABLE Z4(c)

I]PTAKE OF Fe INTO BARLEY SHOOTS AS AFFECTED BY
RATE AND METHOD OF PLACEMENT OF ZnSOo

Zn
level

Treatment

Placement

(ppm)

0.0

1.0 Banded with seeds

1.0 Banded 2 cm belornr seeds

1.0 Point source

1.0 M:ixed with soil
2.0 Banded with seeds

2.0 Banded 2 cm below seeds

2.0 Point source

2.0 Mixed with soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 Mixed wíth soil
16.0 Banded r,¡ith seeds

16.0 Banded 2 cm below seeds

16.0 Point source

16.0 Míxed with soi-l

Fe
l_n

concenËration
barley shoots

(ppn)

1

150 .0 -h

6I.7 b e

66.7 c d

93.3 e f
57.3 ab
67.5 c d

65.0 b c

76.7 g c

4L.7 a

46.7 a b
59.2 a b

I)L.7 .:f g

50.0 a b
44.0 a b
4I.7 a

78.3 d e
44.2 a b
45.0 a b
49.2 a b

98.3 e f
41.7 a

118.

Fe uptake into
12 ba'rLey shoots

(me)

2.48 h

1.30 b c d

1.32 c d e

I.73 e f. g

1.15 a b c

I.42ede
1.20 a b c

1.37 c d e

0.84 a

0.91 a b
l.I7 a b c

1Q)o

1.13 a b c

1.01 abc
0.86 a

L.74 Í. g

1.00 a b c

0.94 a b
0.98 a b c

1.61 d e f
0.91 a b

cd

d

1. Values followed by different letters are sígnifícantly different
aË Ëhe 5% Level- using Duncanr s Multiple Range Test (from símp1e
analysis of variance).

c

cd

c

f.

d

c

c



5. Concentration and upËake of ì6n

Application of ZnSOO generally decreased Mn concentration ín

barley shoots (footnote 4 to Table 25(a)). However, although increas-

ing Ëhe applied Zn level from 0.0 to 2.0 ppm decreased plant Mn con-

centration, no further decreases occurred above 2.0 pprn Zn (Tabte 25(a)).

The effect of placement of. ZuSOO upon I4n concentration was similar to

íts effect upon Fe concenËraLion. The order of I&r concentraLion ín the

plants was point source ) banded with the seeds = banded below the

seeds ) nixed with the soil (Tab1.e 25(b)). The inverse relationshíp

beËween plant Zn artd I{n concentrations ís also illust.rated in Tables

22(c) and 25(c). Inlhen banded with seeds, banded below the seeds, or

mixed with the soil, increasing appl-ied ZnSOO from 1.0 to 16.0 ppm

either did not affect or decreased slightly planË tr4:r concenËratíons.

However, when ZnSOO was placed in a point, increasing the Zn Level-

from 1.0 to 16.0 ppm íncreased planË Mn concentration. Consequently,

in lftr concentration rate interacted significantly wíth placement (see

footnote 3 to Table 25 (a) ) . The inverse relationship between pLant Zn

and I4n concentration hTas not as pron.ouu-ced as Ëhe one between plant Zn

and Fe concentrations. In addiËion, tot.al Mn uptake into barl-ey shoots

\,ras not affected by rate or method of placement of ZnSOO. ConsequenËly,

the lower lhr concentrations associaÈed with higher Zn concentraLíons

likely resulted from dílution.

Jones (82) and allied workers reported thaË the crítical level of

ì4n concentration in barley plants was 20.0 ppn and the sufficiency

level ranged from 25.0 to 100.0 ppn. 0n the basis of these values,

none of the plants in this study were Mn deficj-ent.

119 .



TABLE 25(a)

MANGANESE I]PTAKE INTO BARLEY SHOOTS
AS AFFECTED BY RATE OF ZnSOo

Rate3

(ppm Zn)

0.0

1.0

2.0

4.0

8.0

16 .0

Mn
t-n

concenÈration
barley shoots

(ppm)

L
39.0 ' d

32.4 b

30.7 a

34"2 c

31.5 a

31.6 a

l"ln uptake inËo
12 barley shoots

MANGANESE T]PTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METIIOD OF PLACEMENT OF ZnSOO

L20.

IJ
.Pl-acement

Banded with seeds

Banded 2 cm below seeds

Point source

Míxed with soil

b

b

(ne)

o.æ32

0.640

0.601

0.687

o "674
0.618

TABLE 25 (b)

Mn
in

concentration
barley shoots

1. values follor^red by differenÈ letters are significantly dífferent.
at 57" level using Duncanrs Multiple Range Test (from the combined
analysis of variance).
Values are not significantly different.
fnteract.ion between raÈe and placement for concenËration was sig-
nificant at the 57" LeveL (from the cornbined analysis of variance).
0.0 treatment was significantly higher (at 57. LeveL) than average
of all other treatmenLs (from combined analysis of variance).

)

-).

(pprn)

31.31 b

3t.2 b

36.3 c

29.5 a

4.

l"În uptake into
12 barley shoots

(me)

0.6612

0.616

0.658

0.640



rABLE

IIPTAKE 0F },ftn INTO BARIEY
RATE AND METHOD OF

Zn
leve1

Treatment

Placement

0.0
1.0 Banded wíth seeds

1.0 Banded 2 cm below seeds

1.0 Point source

1.0 Mixed with soil
2.0 Banded wíth seeds

2.0 Banded 2 cm below seeds

2.0 Point source

2.0 Mixed wíth soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Point source .

4.0 Mixed with soil
8.0 Banded with seeds

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 Míxed with soil
16.0 Banded with seeds

16.0 Banded 2 cm below seeds

i6.0 Point. source

i6.0 Mixed with soil

2s (c)

SHOOTS AS AFFECTED BY

PLACEMENT OF ZnSOO

Ikr
an

concentration
barley shoots

(ppm)

139.0- d

32.5 a b
32.I a b
34.6 b

30.2 a

33.4 b

29.6 a

30.7 a

28.9 a

32.8 b

32.8 b

38.B c

32.5 a b

28.6 a

30.5 a

37.5 c

29.3 a

29.0 a

31.0 a

39.6 d

26.6 a

LzL.

Mn uptake ínto
12 barLey shoots

(rng)

2
0.631-

0.682

0. 631

0. 643

0.6L2

0. 705

0.573

0.s44

0.601

0.632

0.651

0.74s

0.736

0.683

0. 63s

o.7t7
0.679

0.6L4

0.622

0.664

0.591

1. Values followed by different letters are si-gnificantly dífferent
at the 5% LeveL using Duncanrs Multiple Range Test.

Values are not significantly differerit at tlne 57" leve1. .,)



6. Concentratíon and upËake of N

Nitrogen concentration in the barl-ey shoots r^ras not affected by

raËe or method of placement of ZnSOO (table 26(a) and (b)). Bur rotal-

N uptake into barley shooËs was ínfluenced by rate and method of place-

ment of ZnSO,. However, the uptake of N varied in the same order as
4

the dry maËter yield (Tables 26(a), (b) and (c)) and therefore vras

likely caused by variation in dry matter yield. PlanL N concentrations

ín this experiment vrere hÍgher than those ín the Cu experíment. This

is not surprising since the level of NO,-N in Lakeland clay loam was

rnuch hígher than in Pine Ridge sand (Table 18).

The critícal level of N ín the cereal vegetative tissue at head-

íng was estimated as 1.257"wlnlLe the sufficient level ranges from 1.75

to 3.07" (106). On the basis of these values, none of the barley plants

rrere deficient in N; rather, N concentrations were sufficient for opti-

mum gror^/th of barley plants.

7, Concentration and uptake of P

Phosphorus uptake was significanLly different in the check tTeat-

ment than in Lhe other ËreatmenËs (see fooËnoËe 4 to Table 27 (a) ). Rate

of applícation of ZnSOO significantly affected P concentraËíon and

uptake (Table 27(a)), but placement method of ZnSOO had no significant

effecË upon P concenËraËion (TabLe 27 (b)). A1so, a number of sígnífi-

cant. differences in P concentration and uptake appears in Table 27 (c) .

However, none of these differences l¡rere consistently related to treat-

ment. For example, 2.0 ppn Zn resulËed in the lowest P concentration

upÈake values whereas 4.0 pprn Zn resulËed in rhe highesr (table 27(a)).

The experimenË shor^ied no evídence of P-Zn interaction. Plant P

L22.



Rate3

NITROGEN T]PTAKE ]NTO BARLEY SHOOTS

AS AFFECTED BY RATE OF ZnSOo

(ppn Zn)

0.0

1.0

2.0

4.0

8.0

16 .0

TABLE 26(a)

N concenËratíon
in barley shoots

(7.)

3.086
tt

3.13 '

3. 15

3.04

3. 15

3.19

N
t2

NITROGEN T]PTAKE INTO BARLEY SHOOTS AS AFFECTED
BY METHOD OI'PLACEMENT 0F ZuSOO

uptake into
barley shoots

Placement3

L23.

Banded with seeds

Banded 2 cn belon seeds

PoinË source

Mixed with soil

(me)

508.05 a

622.0 b

6i9.0 b

612.0 b

67 8.0 b

636.0 b

TÀBLE 26(b)

N concenÈration
in barley shoots

l. Values follor,,red by dif ferent letters are significanËly dif ferent
at 5% level using Duncanr s MulËiple Range Test (from combíned
analysis of variance).

2. Values are not signíficantly different.
3. Interactíon between rate and placement T¡ras not signíficant.
4. Rates 1.0 - 16.0 were not sígnificantly dífferent from each other.
5. 0.0 Ëreatment r¡ias sígnificantly lower (at 5% level) than average

of all oËher treatments (from combíned analysís of variance).
6. 0.0 treatment T¡ras not significanËly different from the average of

all other treatments.

(%)

3.272

3. 13

3. i0

3.03

N
L2

upËake into
barl-ey shooLs

(rng)

6æ.4I c

622.L b

565.0 a

663.2 c



TA3LE

T]PTAKE OT N INTO BARLEY
RATE AND T,IETHOD OF

Zn
leve1

TreatmenË
.tt,:,-

Placement

(ppn)

0.0

1.0 Banded wiËh seeds

1.0 Banded 2 cm below seeds

1.0 Point source

1.0 Mixed wíËh soil
2.0 Banded with seeds

2.0 Banded 2 cm belornr seeds

2.0 PoinË source

2.0 Mixed wíth soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed with soíl
8.0 Banded with seed

8.0 Banded 2 cm below seeds

8.0 Point source

8.0 lulíxed with soil
16.0 Banded with seeds

16.0 Banded 2 cm below seeds

16.0 Point source

16.0 Mixed wÍth soil

26 (c)

SHOOTS AS AFFECTED BY
PLACEMENT 0F ZnSOO

N concentratíon
in barley shooLs

(7.)

)
3.08-

3.34

3.17

3.05

2.97

3.20

2.96

3.34

3. 10

3.65

2.93

2.s6

3.04

3.19

J.JI

3.20

2 .84
,oo

3.2r
3.38

3. 19

N

t2

r24.

uptake inËo
barley shoots

(me)

5OBlabc
704 fg
622 cdefg
563 abcd
601 bcdefg
667 defg
480 a

583 abcdef
642 defg
695 efg
578 a b c d e

49I ab
683 defg
725 c

698 efg
606 cdefg
693 efg
627 defg
636 defg
583 abcdef
697 efg

1. Values followed by different l-etters aïe signíficantly different
at the 5"/. LeveL usíng Duncants Multiple Range Test.

) Values are not significantl_y different at 57" leve1.



TABLE 27 (a)

PHOSPHORUS T]PTAKE INTO BARLEY SHOOTS
AS AFI'ECTED BY RATE OF ZnSOo

_5Rate

(ppm Zn)

0.0

1.0

2.0

4.0

8.0

16. 0

P concentration
in barley shoots

('/.)

0.48i3
o.szs2 a

0.308 a

0.579 c

0.388 a

0.488 b

PHOSPHORUS I]PTAKE ]NTO BARLEY SHOOTS AS AFFECTED
BY METHOD OF Pil.CEMENT OF ZuSO 

O

P

1,2

uptake into
barley shooËs

Placement5

L25.

Banded with seeds

Banded 2 cm below seeds

Point source

Mixed r¡ith soil

(ine)

77 .74 a

gg.82 c
61.i b

117.0 d

82.5 b c

95.0 c d

TABLE 27 (b)

P concentration
in barley shoots

1. Values are not significantly different.
2. Rates 1.0 - 16.0 are signífícantly dífferent at 57. leveL using

Duncants Multiple Range Test (from the combíned analysis of
variance) .

3. 0.0 treatment \¡ias not significanËly different (at 5% level) than
average of all other treatments (from Ëhe combined analysis of
variance) .

4. 0.0 treatmerì.t \^7as significantly lor,rer (at 57" level) than average
of all other treatments.

5. Interactíon between raËe and placement T¡ras not significant at 5%

level (from combined analysís of variance).

(i4)

0.4331

0 .420

0. 510

0 .466

P uptake into
L2 barLey shoots

(ine)

85.71

82.7

94.0

102 .0



TABLE 27 (c)

IIPTAKE OF P INTO BARLEY SHOOTS AS AFFECTED BY
RATE AND METHOD 0F PLACEMENT Ol' ZnSOO

Zn
leve1

Treatment

Placement

(ppm)

0.0

1.0 Banded with Ëhe seeds

1.0 Banded 2 cm below seeds

I .0 Poi-nt source

1.0 Míxed with soil
2.0 Banded with seeds

2.0 Banded 2 crn below seeds

2.0 Poínt source

2.0 Míxed wíth soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Poínt source

4.0 Mixed with soíl
8.0 Banded wíth seeds

8.0 Banded 2 cm below seeds

8¡0 Point source

8.0 Mixed wíth soil
16.0 Banded with seeds

16.0 Banded 2 cm below seeds

16.0 Poínt source

16.0 Míxed with soil

P concenLration
in barley shoots

(%)

0. 481

0.77

0.48

0 .47

0.38

0.23

0.40

0.20

0. 40

0.72

0.72

0.68

0.20

0.22

0.27

0.50

0.57

0.23

0.23

0. 70

0.78

126.

cdef
oÞ

cdef
bcde
abcd
ab c

abcd
a

abcd
fg
Ço

efg
a

ab
ab c

cdef
defg
ab c

abc
Fo

o6

P

T2
uptake ínto
barley shoots

(ne)

77.7 ab e

140.3 d e

94.7b cd
B7.0abc
77.0 ab c

50.0 a b
75.7 ab c

35.3 a

83.3 a b c

139.0 d e

141.0 d e

140.0 d e
45.0 a b
49.7 a b
55.3 a b
93.3bcd

13I.7 c d e
49.0 a b
46.0 a b

114.3 c d e

170.7 e

ob

f

l. Values followed by different letters
at 57. leve1 using Duncanrs Multiple
analysis of variance).

are signíficanÈly different
Range Test (fron simple
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concerltraËÍons in this experiment ïiere somewhat lower than those in

the cu experiment. This ís noË surprisíng since Píne Ridge sand con-

tained consíderably more plant available P than Lakeland clay loam

(Table B).

The critical level of P in cereal crops was estímated (106) as

o.L5ï4 and the sufficient 1evel ranges from 0.2 to 3.0%. on the basis

of these values, none of the barley plants were P deficient.

B. Concentration and uptake of K

Both K concentratíon and uptake in the barley shoots increased

as the rate of applicatíon of ZnSOO was increased (Table 2B(a)).

llorniever, the effect of ZnSOO upon K uptake into the barley shoots

was probably more related to the concentration of the fertiLi-zer Zn

in the growing medium than to the concentration of. Zn in the plants.

Although both K and Zn concentrations increased wíth increasing fer-

tilízer zn LeveL, the effedt of placement method on K concentratíon

hTas opposite the effect of placement on Zn concentration (tables

22(b) and 2B(b)). Potassium concentraËíon and uptake were highest

when Znso, T¡ras banded below the seeds and when p1-aced ín a point in4

the soil (Tab1e 2B(b)). The highest K concentrations hiere often

associated wiËh the lowest plant Zn concentraÈíon (tab1-e 28(c)).

Nevertheless, it is possible Ëhat fertíLízer Zn in some r^7ay facili-

tated the upËake of K. It ís interesting to note that alËhough the

exchangeable K level in Pine Ridge sand was much lor¿er than in Lake-

land clay loam, the plant K concentrations do noË differ greatly

between the two experiments.

Mê*sÊeiler a1. (106) esrimared r.z5% and 1.5 Ëo 3.0% as the



Rate3

TABLE z9(a)
POTASSII]M IIPTAKE INTO BARLEY SHOOTS

AS AFFECTED BY RATE OF ZnSOo

(pprn Zn)

0.0

1.0

2.0

4.0

8.0

i6 .0

K
in

concentration
barley shoots

(7")

0.975 a
It1.19'b

I.42 c

1.85 d

L.92 d

2.03 e

POTASSIUM I]PTAKE INTO BARLEY SHOOTS AS AFFECTED
BY ¡,ÍETHOD OF PI,ACEMENT OF ZnSO 

O

K
T2

a
-tPlacement

upËake into
barley shooËs

Banded wíth seeds

Banded 2 cm below seeds

Point source

Mixed with soil

L2B.

(me)

162 a

zgo4 t
267 c

379 d

406 d

403 d

TABLE 2B(b)

K concenËTation
in barley shooËs

1. values followed by different letteïs are signíficantly different
at Ëhe 5% level using Duncanrs Mu1Ëíp1e Range Test.
Values are not significantly different.
rnteraction beËween rate and placement T,,ras significantly different
ax 57" level (from combined analysis of varíance).
Rates 1.0 - 16.0 are sígnificantly different from each other.
0.0 treatment \^ras significanË1y lower (at 5% lever) Ëhan average
of all other treatments (from combined analysis of variance).

)

3.

4.

5.

(%)

1.53 b

1.83 c

1.91 d,

1.47 a

K
t2

uptake ínËo
barley shoots

(me)

3282

368

343

308



Zn
level

UPTAKE OF K
RATE AND

Treatment

Placement

(ppm)

TABLE 28(c)
INTO BARLEY SHOOTS AS AT'FECTED BY
METHOD 0F PLACEMENT OF ZnSOO

0.0

1.0 Banded with seeds

1.0 Banded 2 cm belor¿ seeds

1.0 Point source

1.0 Mixed wirh soil
2.0 Banded with seeds

2.0 Banded 2 crn beLow seeds

2.0 Point source

2.0 Mixed with soil
4.0 Banded with seeds

4.0 Banded 2 cm below seeds

4.0 Point source

4.0 Mixed wíth soíl
8.0 Banded r,ríth seeds

8.0 Banded 2 cm below seeds

8.0 PoinË source

8.0 Mixed wírh soí1
16.0 Banded with seeds

16.0 Banded 2 cm below seeds

16.0 Point source

16.0 Mixed wíth soíl

K eoncentraËion
in barley shoots

(%)

1

0.987-a

0.96 a

0.936 a

L.45 a b c d

I.43 a b c

0.95 a

1.27 a b
L.94 bcd
1.31 a b
1.85 b c d

2.36 d

2.22 c d

L.L7 a

2.09 c d

2.42 d

2.02 c d

1.13 a

1.98 b c d

2.13 c d

1.90 b c d

2.10 c d

L29 "

K uptake inËo
12 barley shoots

(ne)

161la

I92 ab c

186ab
264 a b c d e
276 a b c d e f
20L ab c

258 a b c d

338cdefgh
27L a b c d e f
359defghi
467hi
423fshí
265 a b c d e f
476hi
506 i
3B2efghi
26L a b c d

4l2efghi
423f.chi
309bcdefg
466ghi

1. Values followed by differenË letters
at 5% leve1 using Duncanrs MulËiple
analysís of varíance).

are sígnificantly different
Range TesË (from símple
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crítícal 1evel and sufficiency range of K in wheaË, barley and oaËs

at headíng. This implíes thaË the check p1-ants, and plants, ferËí-

Lized with 1.0 and 2.0 ppm Zn, banded with the seeds, 1.0 ppm Zn

banded below the seeds 4.0 and 8.0 ppm Zn mixed with the soíl may

have been deficienË ín K. However, ít is unlikely thaË K deficiency

was serious enough to erroneously affect any conclusions concerning

Zn nutrition of barley plants.
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V. SUMMARY AND CONCLUSIONS

Copper sulphate (CuSOO.5H20) at rates varyíng from 0 to 1000 ppm

Cu and ZuSOO.7H21 at rates varying from 0 Ëo 2000 ppm Zn were incubaËed

for 7 days with Pine Ridge sand and Lakeland clay loam, respectively,

in order to assess Ëhe effects of Èíme and placement method upon chemi-

cal availabilities of Cu and Zn from CuSO 
4.5HZO 

and ZnSOO.7H2O. It was

felt that the higher micronutrient rates would simulate band applica-

Ëion rnrhereas the lower rates would ,simulate thorough níxing of the

mícronutrient carrÍers with the soil.

The proportions of appl-ied Cu extracted with r"rater from Píne Ridge

sand and of applied Zn extracted with water from Lakeland clay loam were

very small (0.25-5.07(),rürêrê not appreciably affected by tirne of incuba-

tion, and decreased slightly wíth increasíng concentrations of applied

Cu and Zn. The proportíons of applied Cu and Zn extracted with DTPA

ùIere consíderably more (50 - 95%) than the proportions extracted with

T^Iater. They hlere not apprecíably affected by rate and decreased slightly

wíth tine. Apparently, Cu and Zn were quickly adsorbed, compl-exed andfor

precipitaËed as indicated by the low 1evels of HrO soluble Cu and Zn,

even at time = 0. The high proportions of applied Cu and Zn which were

DTPA extractable suggested that much of the Cu and Zn which $ras not r¡rater

soluble was adsorbed or complexed and probably available to plants. The

slight decrease wíth time Ín the proportions of applíed Cu and Zn which

were DTPA extractable suggested that the precipaËed portions of Cu and

Zn Lncreased slightly with time. Since Cu and Zn rates had líttle effect

upon the proportions of Cu and Zn t'nat were HrO or DTPA soluble, Ëhere

T¡las no evidence that banding Cu ar.d Zn sulphates would increase their



chemical avaílab ílítíes .

The effects of rate and method of p1-acemenË of CuSOO and ZnSOO

upon gror¡rrth and nutríent conËent of barley were ínvestigated in envir-

onmental growËh chamber studíes. From 0.0 to 8.0 ppm, Cu as CuSOO was

mixed with Pine Ridge sand, banded with the barley seed, banded below

the seed and applied in a point below the seed. Regardless of rate of

applicatíon, banding CuSOO below the seed or applyíng the Cu carrier

in a poinË below Ëhe seed T¡Ias not effecËive in increasing dry matter

yield of six week old barley shoots. Bandíng cusoo with the seed was

most effective in increasing dry matter yield followed by mixing cusO*

throughout the soíl. only 0.5 ppro cu when banded with Ëhe seed was

required to significantly increase the yÍe1d over the conËrol. When

mixed throughouË the soí1, 1.0 ppm Cu was requÍred. However, the opti-

mal rate for increasing dry mat,ter yield when banded with the seed was

8.0 ppn Cu whereas the optimal rate when mixed with the soil was only

4 .0 pprn Cu.

Placing CUSO* in a point belor^r the seed did not increase Cu con-

centration in the barley shoots. Míxing CuSOO with the soil- was most.

effective in increasing pJ-ant Cu concentration followed by banding wíth

the seeds which was greater Ëhan banding belor¿ the seeds. trIhen mixed

with the soíl, 0.5 ppm Cu was suffícíent to increase plant Cu concen-

Ëratíon, but', when banded wíth the seeds, 1.0 ppm Cu was required.

The optimr:m application rate for plant Cu concentration when CuSO4 T¡ras

mixed with Ëhe soil was 2.0 ppm cu but when banded wíth the seeds and

banded below the seeds, the corresponding raÈes hrere 4.0 and 8.0 ppn

Cu, respectively.

L32.
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Zinc concenËrat,ions in Ëhe barley shoots r¡rere usually l-ow when

Cu concentrations were high. This 1-ike1y resulted from something more

than dilution sínce Zn uptake followed the same trends. Perhaps hígh

Cu decreased Zn uptake or the ÈranslocaLion of Zn from the roots to the

shoots. The shoots of all barley, except Ëhose receiving no Cu, 0.5,

1.0, and 2.0 ppm Cu banded bel-ow Lhe seeds and 0.5 ppm Cu pl-aced ín a

point, contained-l-ess Zn than the critÍcal- level of. I2.5 ppm Zn esta-

blished in the Zn growth chamber experÍment. Therefore, it is possibLe

that the failure of dry matËer yield to increase pïoportíonally wíth

pJ-ant Cu concentration resulted at least parËially f.rom Zn deficiency.

If sufficient Zn had been supplied, ir ís likely rhar míxing CuSOO with

Ëhe soil would also have been the mosË effective method of íncreasing

dry matter yield.

The critícal level of Cu in barley shoots was estímated aË 5.2 pprn.

However, that value níght have been somewhat hígher had not Zn been

lirniËíng response of dry matter yíeld to Cu ferLiLízatíon.

Concentratíon and uptake of Fe were also 1ow when plant Cu concen-

tratíons were high, suggestíng that Cu in some r¡ray decreased Fe upËake

or translocation of Fe to the barley shoots. Nevertheless, aLL barley

shoots contained enough Fe to meet Ëheir nutritional needs.

Concentrations of l4n, N, P and K in the barley shoots vrere not

affecËed by rate or neËhod of applicaËíon of CuSOO and al-l were duffí-

cienËly high to meet nutritional needs of the barley plants.

Zine sulphate in t}:e Zn growth chamber study was applied to Lake-

land clay loam at rates varying from 0.0 to 16.0 ppn Zn. The methods

of placement \^rere identical to those in the Cu growth chamber study.
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Applying ZÛSOO in a point bel-ow the seed ï,ras noË effectíve in íncreas-

ing dry matter yield of síx week o1d barley shoots. Banding ZnSoo

r,riËh the seeds and mixíng the zn carríer with the soil were equally

effective in increasing barley growth followed by bandíng znsoO below

Ëhe seeds. only 1.0 pprn Zn when banded with the seeds or when mixed

with the soil was requíred to signíficantly increase yíeld over Ëhe

control. Hor¿ever' no further yield increase resulted for those two

methods when more than 1.0 ppm Zn was applíed. hrhen banded below the

seeds, 4.0 ppm Zn was requíred to increase the yield above the control,

but. above thaË rate, no further yièld increase occurred.

Zinc concentraËions in barley shoots hras not j-ncreased when ZnSOO

was placed in a poínt below the seed. Mixing znsoo with the soil was

most effectíve ín increasing plant Zn concentratíons followed by band-

íng wíËh Ëhe seed whÍch T^Ias more effectj.ve than banding below the seed.

!ühen mixed wíth the soil, only 1.0 ppn zn was requíred to signíficantly
increase plant Zn concenÈration. The corresponding values when banded

with Ëhe seed or banded below the seeds were 4.0 ppn and 9.0 ppm Zn,

respectively. The optimaL Zn level for plant Zn concenËraÈion was 16.0

ppm Zn for all meËhods of placement (except the point source).

Concentrations of Fe in the barley shoots T^rere usually low wlnen Zn

concentratÍons were high. That likely resulted from something more than

dilution sínce Fe uptake followed Ëhe same trend.s. Perhaps Zn somehow

decreased Fe uptake or the Ëranslocation of Fe to the shoots. Much of

the barley receivíng ZnSOO contained less Fe than the recommended cri-
tícal level of 50.0 ppm. Therefore, the failure of dry maËter yíeld to

increase proportíonally T¡Iith plant Zn concentration may have resulted



from Fe deficiency.

The críËical level of Zn in barley shoots was esËimated at 12.5

ppm. Flowever, Lhat value might have been somewhaË higher had not Fe

been l-imiting response of dry uatter yield to Zn fertilization.

ConcentraËion of I&r in barley shoots decreased wíth Íncreasíng

applied Zn. That deerease \^Ias likely due to dilutíon sínce l"In uptake

ü7as not affected by raËe of. Zn applicatíon. Concentratíons of Cu and

N ín barley shoots hrere not affected by rate or method of placement of

Zn. Rate of applicatÍon of Zn sígníf.ícantJ-y affecÈed both concentra-

tion and upËake of P, but that effect T^7as not consistently related Ëo

Ëreatment.

Increasing the rate of Zn appLi-cation increased K concentratíon

and uptake jusË as Zn concentraËion and uptake were íncreased. llow-

ever, low p1ant K concentratíons were quiËe often associated \^iith hígh

plant Zn concentration, suggesting that the rate of fertilízer Zn in

the soil hras more important in influencing K upËake and/or tTansloca-

tion than the concentration of. Zn in Ëhe ptrant.

Levels of }fn, Cü, N, P and K were all- sufficiently high to meet

the nutritional needs of the barley plants.

The research undertaking reported in this manuscript indicaËed

that Pine Rídge sand did not supply suffícient Cu for the growth of

barley and was margínal in its abílíty Ëo supply Zn. Lakeland clay

loam was deficient in Zn for barley and may not. have contained suffi-

cient planË available Fe. Mixing CuSOO or ZnSOO with soil was the best

method of application followed by banding with the seed and finally

bandÍng belor¿ Ëhe seeds. PlacÍne CuSOO or ZnSOO in a point bel-ow the

13s.
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Cu and Zn uptake. Since Zn def.icíency límited

Cu and Fe deficíency limited response to Zn

not possible to accurately determíne p1-ant Cu

or the optimal application rates of CuSOO and
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