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ASSTRACT

Field experiments rüere conducted to determine the effects of Cu,

Iln, and B fertili-zers on the yield and chemical composition of rapeseed,

wheat and barley grorün on organic soils. Emphasj-s was placed on the

effects of Mn rertirizers and effect of method of l4n fertrLízer

applicatíon on yield and chemical composition The experiment.s \..rere

located at Piney, lt{archand and stead. A late spríng frost destroyed

the rapeseed at all three locations. inlheaË grain yields r^¡ere increased

by copper lertíLization at Piney and Stead. Applications of boron and

mangarrese had little or no effect on wheat graín yields. Barley graín

yields v¡ere increased by copper and boron fertilízation at Stead whereas

barley yields at Piney and Marchand were unaffected by applicatÍon of

mÍcronutrients.

Banding manganese sulphate

more effectíve ín increasing the

than were broadcast applications.

sulphate r^/ere very ineffective in

shoots.

with the seed of barley and wheat was

concentraËíon of lfn in planË shoots

Foliar applicatíons of manganese

increasíng I'In concentrations in plant

A comparíson of the resulLs to those obtained in previous

years showed that the I4n concentration in plant shoots varíed greatly

from year to year even though the experiments \,üere conducted at the

same locatíons. It 'h7as postulated that variatíons in weather,



particularly temperature, T¡rere responsible for the variations. Thus,

the effects of soil temperature on Mn availabilíty were investigated.

rncreasing soil temperatures from 10 to 2Ooc resulted in a two-fold

increase in l{n concentrations in plant shoots of both wheat and. barley.

Soj-l extraction studies were undertaken to investigate the effects

of soíl temperature on amounts of }fn extracted from soils. All methods

of extraction resulted Ín greater amounts of },f:r being extracted at the

higher temperaLures. There \¡/ere very close relaLionships between the

increases in extractable soil I'In levels and increases ín l"Ín levels in

barley and wheat shoots with increasing temperature. This indicated

that a greater release of Mn from the soil-solid-phase into soil solutíon

L17aS operating as temperAture r^7as increased.

varying the water content of an organíc soil from 75 to 200% of

field capacity had little or no effect. on the availability of Mn as

measured by Mn uptake by barley. However, barley plants gro\¡rrl at vrater

contents greater than l00Z of FC had greater shoot Cu concentrations

and took up more total Cu than plants gro\¡rn at lower !¿ater contents.

The effect of water content on shoot Cu concentrations was probably a

result of the ínfluence of moisture on the availabilíty of fertiLizer

applied CuSO,.
4
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I INTRODUCTION

Soil fert.ility studies have shown organic soils in Ìvlanitoba Lo

be nutrient deficient for production of most crops. rn additÍon to

deficiencies of nitrogen, phosphorus and potassium, micronut.rient

deficiencies have been encountered in crops growït on organic soils in

southeastern Manítoba. Although plants require only a few grams per

hectare of these nutrients, these soíIs were ofËen unable to provide

Ehe quantitíes necessary for good growLh" Thus, crop grain yíe1ds

rvere often very low and seed quality was usually poor. The very 1ow

yields of grain and poor seed quality were attríbuted mainly to

deficiencíes of copper and/or manganese.

Studíes were therefore conducted to det,ermine if the seed yields

of rapeseed, wheat and barley obÈained on Ëhese soíls, could. be

ímproved by the use of chemical ferËilizers. rn this study major

emphasis was placed on Ëhe effecË of manganese fertilizers on yield. and

chemícal composit.ion of rapeseedo wheat and barley" Varíous methods of

aanganese fertilizer applicatíon were also sËudied.

A significant. feat,ure of the results obËained from the field

studies conducted by the Department of Soil Science during L977 to LSBO

was the extreme year Eo year variability in yield and Ëissue

concentraËions of minor elemenEs even though the experimental sit.es



r^Iere situated at the same locations. The variatíons in nutríent uptake

and yield were thought to be due to variations ín weather partícularly
soÍl temperature. Thus, the effects of soil temperature an¿ moisture

on minor element uptake by plants r¡/ere extensively investigated in the
growth chamber. Emphasi-s in these studies was placed on the effect of
soil temperature and moisture on manganese uptake by plants. The

effects of soil temperature on amounts of manganese extracted from the

soils by two reagents commonly used to assess plant available soir
manganese were also studied.



IÏ REV]EI^T OF L]TERATURE

A. Soil- Maneanese

Ilanganese exists in soils in varÍous oxidation states, the most

import,ant being Ëhe divalent form which ís readíly available for plant

ut.ilization, either as the Mn# ion or as complexed. or chelated Iúr#.

Mann and Quasrel (Lg46) proposed Ëhat a manganese cycle beËween Mn++,

hzog, and l'fro, was operatíve in soils. Both Iúr# and easily reducible

I"fn oxides are considered when estimaÈing Ëhe l4:r supplying power of a

soil and are thoughË of as "active Mn" because of the rapid conversion

between solut,ion l,fn# and the easÍly reducible l4n oxides (ReÍd and

Miller 1963). The reacËions of Ëhe manganese cycle are contïolted by

Ëhe oxidat,ion-reduction processes of Lhe system, believed to be largely

mediated by biologÍcal activity (Russell 1973). Under st,rongly reducing

conditíons, such as those ín an anaerobíc environment, t,he accumulation

of the reduced form of Mn, I'fi:r++, is aËtribuËed to Ehe lack of oxidation

of this fraction by the soil mícroorganisms (cheng et al. L97z). The

oxidation of Mn# by both biological and nonbíologica1 auto-oxid.atíon

proceeds rapidly j-n neuËral and alkaline aerobíc soils. In contrast,

the reducÈíon of M:r in these soils has more specific requirements

(Quastel f963), although it does occur readily at rhe expense of

avaílable oxidizable sources such as rhiol groups or ferrous ions

(Quastel et al. 1948).
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Soí1 pH is very importanË in governing dívalent manganese levels.

Lindsay (f972) found ËhaË the solubility of Mn compounds decreased

100 fold for each unit increase in soil pH. Snyder et al. (L979)

at.Ëributed the inverse relationship between soil pH and Mn solubility

in the range of pH 7 to B to increasing microbíal oxidation of divalent

I'ln to less soluble forms with increasÍ-ng pH. The oxidatíon of un+ uy

microbial activíty was pH dependent. having an optimum at approximaÈely

pH 7.0 (Jones 1957). rn conËrasr, page (L962) srared Ëhat rhe effecr

of increasing pH on IuIn availability was that of greater complexation
-l-L

of Mn'' by organic matter and noË one of biological activiËy. Mulder

and Geeretsen (1952) found. thaE at low pH,Mn# levels increased with

increasing organic maËtere indicating that organic matter \¡ras responsible

for the change in dívalent lvln levels wiËh pH.

FacËors which affect redox potenËíals in a soil direcËly ínfluence

the amount of Mn# ín solution. Flooding of soils ofËen resulted in the

accumulation of I4n# even to Ëhe exËent that Mn toxicity resulÈed in

some plant species (Harter and Mclean 1965; cheng eË al. L972). peech

and BoynËon (1937) reporËed that redox poËenËials in waterlogged soils

decreased only when a readily oxidizable organic maËLer source r¡/as

present, suggesting microbíal activÍty was involved. r,n ccntrast,

Pavanasasivan (1973) concluded from reËentíon studíes on soíls \^riËh high

organic matter 1eve1s Ëhat exchangeable processes v/ere more importanË

than red.ox processes ín the retention of Mn++, indícating that Ëhe

íncrease in available I4:r# with lower redox values was Ëhe result of

destruction of organic matt.er by microbial activiËy and not a microbial

reduction"
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Very obvious differences concernirrg the nature of the interactíon

of organic matter with soil pH were reported. Organic matter addÍtíons

Ëo a neutral or alkaline soí1 deereased active I4n (Takkar L969), whereas

Ëhe applicatíon of composE and/or peat to an acid soil increased the

active Mn levels (Cheng and Ouellette 1970). Also, manganese deficiencies

in neuËral, alkaline or excessively limed acid soils did not occur unless

a cerEain amount of organic matter \^ras present in the soil (Mulder and

GeereËsen L952) " It is evidenË from Ëhe literature cited thaË organic

maËter in soíls does play a role in manganese availabilíty or solubility.

However, depending on oËher soil factors organic maËter can Íncrease

manganese availability in some instances whereas under dífferent

conditions organÍc maËËer decreases plant availability of soil manganese.

Soil ternperat,ure also influences active soil Mn levels (takkar L969),

as r^¡ell as plant Mn concenËraËions and/or Mra upËake by plants (Nyborg

L97o; Mederski and Hoff 1958; MacMillían and Hamilron l97l; cheng eË al.

I97L). Cotter and Mishra (1968) reporËed rhat increasing soil

temperature accelerated t,he reducËion of }fn , and that variaËion

in soil temperature could accounL for much of Ëhe seasonal variaËion

in plant Mn concentrat,ions. Ponnamperuma and Loy (1970) reporËed that.

raËes of reductíon and associat.ed chemical changes in flooded soils were

much higher at 25oc rhan ar t5oc. singh and pathak (1970) reporred an

increase in active Mn levels in soils up Ëo 25ooc. The detrimental

effect of very high temperatures on the populat.ions of the oxidízing

microbes could account for the contínued increase in active Mn as

ËemperaËures rise into the lethal range. For example, QuasËer (1963)

suggesËed that Ëhe increase ín active Mn levels upon sterilizatíon of



soils r,.ras a result of the deËríment.al effects these conditions had on

the oxidation of yrr# by Ëhe microbial population.

It should be apparent from the precedíng discussion thaË manganese

deficiencies are mosË likely on neuLral Èo alkaline soils containing

high organic matter under low Ëemperatures.

B. FuncËions of Manganese ín PlanËs

Manganese was first shov¡n to be an essential element for plant

growth Ln 1922 by MeHargue (L922). A defíciency of this micronutríent

in plants was noted t,o result in decreased photosynthetic raEes

(Pírson L937). The decreased rate of photosynthesís was later línked

to a loss of. O, evolution capacity (Possinghan L964). Spencer and

Possingham (196f) reported that the electron transport from water r¡ras

ímpaired, but cyclíc phosphorylaËion was unaffected in isolated I4n-

deficient chloroplasËs, In more recent studies Possingham and Spencer

(L962) concluded that inadequate Mn levels in chloroplasËs impaired Ëhe

waËer-spliËting reacËions of PS II.

Cheniae and Martin (1970) isolaËed two l.ln fracËions from intact

chloroplasts. One fract,ion consisted of three }f¡r atoms per 0, evolving

cenEer which they t,ermed the loosely bound fraction. The other fraction

consisËed of one to Ëwo Mn atoms associat.ed with the oxidant side of the

PS II Ërapping sysËem. This fraction was called the firmly bound

fraction since it was fixed Ëo t.he chloroplast membrane. It was

esËablished in more recent sÈudíes (Cheniae and Martin L97L) that four

M:r atoms per PS II photosynËhetic unít were required. Kesseler (1970)



stated that Lhe only essenËíality of Mn ín plants was for the oxygen

evolving system ín PS II.

It is Ëhought that higher plant,s are capable of adapting to a

limíted supply of M¡r by adjusting the number of chloroprasts per ce1l

or by forming disorganized chloroplasts r¿ith low chlorophyll

concentrat,ions. These processes decrease Ëhe demand for l"In (Homann L967) ,

but resulË in chlorotic planËs with greatly decreased photos)mthetic

capaciËies.

some sËudies dírectly linked },f:n with N0, reductÍon (Nason and

McElroy 1963). However, recent sËudíes clearly demonstrated thaË },ln

was only indirectly associated \,ríËh Ëhe NO, red.uction step of No,

assimilation (Hewitt L97O) "

OËher specifíc requirements for lutr appear t.o be limited t.o its

involvement in rAA oxidaËíon. Murnford et al . (L962) staËed that Iv¡1

\'^/as an activator of rAA oxidases. This is in good agreement with

findings of Taylor eË al. (1968) who reported Ëhat M:r-deficient cotËon

leaves had exËremely high rAA-oxidase activíËy levels and that the

cofactor and inhibit,or act,ivities of the oxid.ase sysÈem were affecËed.

Although it rtras reported that }fn cataLyzed a number of enzymes involved

¡¡ith Ëhe TCA cycle and glyeolysis, iË is evident that these \,,/ere

largely non-specific biochemical functíons, in thaË l4n# eould be

replaced by oËher meËal ions predominately iUg#.



C. Plant Requirements for Manganese

Plants require relatively smal1 amounts of Mn with usual

concentrations in oven dry planË mat,erial at 100 ppm or 1ess. However,

Ifr can accumulat.e ín planËs up t.o concentraËions of several Ëhousand

parts per míllion (ppm). Schachtschabel (1955) est,imared rhaË rhe

average arable crop removed between 500 and 1000 grams of }4n/ha.

The minirnal plant concenËration of a nuLrient below which a marked

decrease (usually 5-L5%) in plant growth occurs is termed Ëhe crítical

1eve1. Munson and Nelson (1973) expanded t.his concept Ëo include not

only yield but also crop quality. They also sËated that a critical

level rùas noË a fixed value buÈ was dependent on the relati"ve concen-

ÈraËions of interfering nutrients. ulrich and Hills (1967) defíned

the criÈical value as one that, resulted in a 57. reduction Ín yield

which would indicate that it was in the middle of the hypot,hesized

Ëransition zone wíth lower values resulËing in dramatically decreased

yields.

List,ed in Table I are Ëhe critical values cited in the literature

for various agronomic crops. Discrepancies ín Ëhe liËerature values

are Ëo be expect,ed as the crit.ical value ís dependent on Ëhe variety

of crop grovin, stage of growth and planË parË analyzed. Generally

the critical values range between 15 and 25 pprn.
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D. Manganese Def iciency Sr,-rnpËoms

Visual I4n deficÍency sympt,oms include a rvide variety of chlorotic

patterns and necrotic spotting. Such deficiency symptoms would be

anticipated since },fn plays an íntegral role in plant photosynthesis.

Since cereals vary in their susceptibility to tv¡:r deficiency, the

severity of }fn deficiency sympËoms vary among cereals. Nyborg (1970)

reporËed that oats \¡zere very sensitíve to low Mn whereas barley was

quite t,olerant of low Mn wiËh wheat being Íntermediate. Manganese

deficiency is quiËe widespread in oats particularly on alkaline soils.

such Mn-deficient oats have a greatly decreased resistance to root

infection by microorganísms (Gerresten L937). Manganese deficÍency

symptoms in oats are often t.ermed grey speck, because of grey spots on

the leaves of l'in-def icient oat planËs. Because Mn def iciency is

relaËively widespread in oaËs, iË is someËimes referred to as

"gt"y speck disease". The grey specks first appear beËween the veins

on the basal-half of leaves. The inËerveinal streaks elongate and

coalesce (Samuel and PÍper 1929). The area becomes necrotic and dries

out, with a resulting grey speckled pattern on the leaves. rn advanced

stages Ëhe leaves bend over sharply near the middle as a result, of

reduced Eurgor (Mengel and Kirkby L979).

Brown lesions appear on the leaves of severely Mn deficient

barley (Her¿ítt f963). Manganese deficíency in wheaE and rye is

characËerízed by chlorotic streaks in the leaves which laËer Ëurn pale

green (Hewítt 1963).
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Low M¡r t,issue concenËrations are also associated with fewer tillers

and heads andfor wiËh glumes whích are wíthered and devoid of grain

(Hewitt 1963). Ohki (1975b) reported a decrease in overall plant

height of cotton when Mn was limíting"

Nyborg (1970) reported Lhat the severity of the leaf fleckíng,

spotËing and necrosis, characterístj-c of Mn deficiency ín oats, Ì^ras

related to culËivar. Later Brown and Jones (L974) identífied

Mn-efficient and Mn-ínefficient cultivars of oats growrl ín soluËion

culture and Murray and Benson (L976) identified a Mn-efficient oaË

cultivar in the field based on their abiliÈy Ëo ËoleraËe low levels of

I4n supply.

E. Diagnostic Techniques for Prediction of l,ln Supply from Soils

(1) Extraction soluËions

Numerous soil extracting solutions and various exËracting techniques

were employed in attempts to reliably predict soil Mn availabilíty or

lln uptake by plants grown in various soils. Some extractanËs

predícted Mn availabiliEy betËer than others under specific condit,ions

for specific crops. Howevere no one particular extractant \.ras

universally bett.er than others.

Total soil Mn vlas a poor indicator of plant available Mn and often

gave very misleading predictions (Hoff and Mederski 1958; Reid and

I^lebster L9693 Page et al" 1962). Therefore extractants ËhaL measured

t^zater soluble, exchangeable and/or easily reducible lvh were developed

and evaluaËed by many workers.
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Shuman and Anderson (1974) reported that Mn extracted by a solution

containing 0.005 M DTPA, (diethylenetriamine pentatacetic acid),

0,1 M TEA (tríethanolamíne) and 0.01 M CaCI, buffered ar pH 7.3 was an

excellent predictor of soybean M:r tissue concenËrations when soil pH

\,ras also considered" They evaluated six different extractants on soils

varying in pH from 5.8 to 6.8 and found that DTPA extractable Mn gave

the best correlat,ion wiËh planË Mn uptake by wheat and soybeans.

However, they reported thaË (cH3c00NH4) NHooAc-extractable luln was

more highly correlated to I"In uptake by wheat than DTPA extractable Mn

in soils varying in pH from 4.8 Èo 6.8. similarly, shuman et al, (L979)

reported DTPA extractable luÍ: was useful in predicËÍng soybean leaf Mn

concent.rations when soil pH was also considered. Rule and Graham (I976)

found that Mn values obtained with soil-DTPA equilÍbraËion were consistent

vrith those measured by clover uptake. rn contrasË to these findings,

Hag and Miller (L972) stated that DTPA extractable Mn did nor relare

well to Mn uptake by maize" Salcedo and Iniarncke (L979) found Ëhat Mn

extracted by eÍther 0.1 N H3P04 or 0.1 N HCI reflecred Mn uprake by

planËs more closely than Ëhat extracËed by either 0.005 M DTpA or

I N NH,OAc. Voth and Chrisrenson (1980) also reporred Ëhat 0.1 N4-

H3PO4 extractable Mn vras more highly correlated \^ríËh planË available Mn

Ëhan was 0.005 M DTPA extracrable Mn. Hoff and Mederski (1958)

evaluated nine dífferent extractants and reporËed correlation coefficj-ents

of 0.899' 0.860 and 0.856 for relat,íonships beËween plant l"f:a concen-

tration and 3.0 M NH4H2Po4, alcoholic hydroquinone, and 0.1 N H3PO4

extracËab1e }f:r, respectively. These correlatíon coefficients were

significantly higher Ëhan those fox HTSOO, NHOOAer NHOOAc * hydroquinone,
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Ëotal soil }fn, HNO, and NaOAc. They atËríbuted the good relationships

beÈween Mn ext.racËed by Ëhe phosphate extractants and planË I4n uptake

to the influence of P on Mn solubílíty and suggested that the phosphates

exËracted the easily-reducible Mn componenË of the soil M:a. Later work

by Hammes and Berger (1960) and Brownman er al. (L969) índicared thaË

luf:r extracted by 0,1 N t:tO4 vras superior to eiËher 1.5 M or 3.0 M

NH4H2PO4 for predictíon of M:r upËake by oaËs, peas and maize. This

extractant vras also bett.er than others Ëhey evaluated, with the

exceptíon of 0.01 M EDTA (Brownman et al. L969). Randall et al. (L976)

exËracted numerous soils which had been divided into tvro groups based on

organic matËer content. Eighteen exËractants were evaluated on low

organíc mat,Ëer soils or those containing less Ehan 6% organíc matter

whereas 13 extractanËs r¡ere evaluated on soils conLaining more Ehan 6%

organíc matter. Manganese extracËed with 0.01 M EDTA and 0.05 M EDTA

correlaËed best with plant l"fn uptake on the low organíc matËer soils

whereas 0.005 M DTPA, 0.01 M EDTA and 0.1 M (NH4)rco, exrracËable Mn

correlated best wiÈh plant lvln uptake on Ëhe high organic matt.er soils.

Several workers v¡ere of the opínion that exËracËants r¿hich contained

a reducíng agent such as hydroquinone and an exchangeable caËion

and therefore would measure boËh exchangeable and easily-reducible ld:r

would be excellenË predictors of plant. available soil Mn over the growing

season (Hoff and Mederski l95B; Adams 1965). However, iloyt and Nyborg

(L971) had 1iËËle success using ext,ractaïrts conËaining NII*oAc and

hydroquinone. shuman and Anderson (1974) reporËed Ëhat, in fact, NHooAc

plus hydroquinone exLractable Mn ¡¿as inferior t,o NHOOAc exËractable Mn

alone in predicting plant I'ln concentrations. Browman eÈ al. (L969)
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staËed that the hydroquinone Mn test r,,ras unlíkely Ëo be superior to

t,otal l4:n in determining avaílable Mn and concluded from their work

using eight soil luln extracËions Ehat 0.01 M EDTA and 0"1 N H,POO were

the best diagnosËic indicators of I'fn levels in maize. However, when

they included soil pH, a combination of NHTOAc and soil pH gave Ëhe

best prediction of l.fn uptake by maize"

(2) Factors affecting extracËable Mn values

The condiË.Íons under whích the extractions for avaílable M:r

conducEed could have affected ext.ractable l"fn levels and therefore

have caused many of the discrepancies reported in the literature.

\/7ere

may

A number of dependenË variables are known Ëo affect lvln extractability.

These variables Ínclude concentraËíon and pH of the exËracting solutÍon,

ËemperaËure of extraction, solutíon to soil ratio, shaking time, sample

preparat,ion and moisture conEenË of the sample príor t.o extractíon.

Salcedo and l,iarncke (1979)

and shaking time were important

either 0.1 N HCl or 0.1 \ "¡tO4
0.005 M DTPA or 1 N NHOOAc were

Lindsay and Norvell (f978) found

only slíghtly as long as shaking

hours and recommended a two hour

Increasing

EDTA and NH4H2P0

reported that solution to soil ratios

considerations when extractíng }rln with

whíle Mn exEractions \,rith eiËher

relatívely independenË of these factors.

Lhat DTPA extractable I4n levels varied

Ëime remained between one to three

shaking tíme for soil-DTPA equilibraËion.

the concentration of the exËractíng solution for DTPA,

O 
Íncreased the amount. of l,Ír exËracted (Lindsay and

Norvell 1979; Randall et a1. 1976; Browman er al. 1969). fncreasing

the pH of DTPA and EDTA exËracting solutions decreased Ëhe amounE of

It{n exËracted (Líndsay and Norvell L979; Randall er al. Lg76).
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Líndsay and NorveLI (L979) investígaËed a number of factors v¡hich

influenced DTPA extracËab1e Mn values and concluded that extraction

temperature lras particularly important. ExtracËable Mn values

increased an averag e of 54% for each 10oC rise in extraction temperature

in the range of l5oc to 35oC.

ExtracËable soil M:n level was also influenced by method of sample

preparation and handling. Air drying samples prior Ëo exLraction

resulted in higher extractable I4n values than extracting fresh samples

(Hamines and Berger L96oa; sanchez and Kamprath 1959), Ëhe affecË

being most pronounced in high organic mat,ter soils. Hammes and Berger

(1960a) suggest,ed Ëhar the íncrease in extractable luln afËer air drying

was due to the oxidation of organic matt,er and subsequent release of
..4

lfn' '. Steam sterLLízation of soils resulted. in very hígh exchangeable

M:n concenËraËions in both organíc (cheng and ouelleËte 1970) and

mineral soils (Fujimoto and Sherman L94B),

Severson et al. (1979) workíng with DTpA, found significantry

greater exËractable l4n concenËrations after grinding and seiving

samples Ëhan afLer disaggregation. They reeommended that. standardized

meËhods of sample preparatÍ-on be established t.o allow for valíd

comparisons among extractants.

Soil properties also may have influenced extracËable }fn levels

and caused some of the anomalies reported. in ext.ractable l"ln values.

Some workers reported that including soí1 organic matter content and

pH singly or as int.eraction terms in regression equations describing

the relatíonship beÈween exËractable l4n and plant, l'{n upËake greatly
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improved correlation coefficients (Randall et al. L976; Dolar et al.

L97I; Sanchez and Kamprath 1959).

F. Manganese FerEilizers and placement Methods

There are a number of methods by which I4n can be applied to a crop.

Soil and foliar applied M:r fertilizers \,¡ere extensively studied.

Generally, foliar applications of }ln, as },fnso4, at 1.0 to 4.g Kg }4n/tra

were as good or bet,ter ín improving leaf l'{n levels and yields of most

crops than soÍI applications aË much higher amounËs (Randall et al.

L97Oa; McCall and Davies 1953; Sheppard eÈ al" L979; Cox 196g;

Murray and Benson 1976; Mishra and TrípathÍ 1973; Hammes and Berger

1960b; sherman and Harmer L94L). rn contrasË, shepherd et al. 1960

reported onion yields LTere greater vrith soil applíed Mn than wíth

foliar applied l4n; yields decreased in Ëhe order lf:r banded into the

soil > Mn broadcast and tilled inËo the soil > Mn applied as a foliar

spray. The ineffectíveness of the foliar applied Mn in Ehis experiment

was attribuËed to the nature and limited leaf surface of oníons

available to intercept the Mn spray.

Ozaki (1955) found I'hSO4 Eo be the most effective source of foliar

applied lln. Manganese EDTA was also a good source of foliar fed I4n,

but the risk of leaf damage from (phytotoxíeÍty) scorching r,ras

substantially greater with EDTA (Randall et al. L970a). Thus, only very

low application rates of EDTA could be used, Efficacy of foIíar }f:r

applícations $ras greatest when employed at Ëhe tillering st.age for

cereals (Murray and Benson 1976; sheppard et aL,L979), early blossom

or early pod set for soybeans (Randall eË al. 1970a) and at the

pre-blossom stage for peas and beans (Ozaki 1955).
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Banding I4n with the seed in numerous sËudies resulLed in higher

leaf I4n concentraËions and higher yields than broadcasting M:: (Harmer

and Sherman 1943; Randall et al. L975a; Shepherd et a1. 1960).

Broadcast applications often had to be twice the amount banded with

Ëhe seed to obtain equal yield increases or Mn upËake. I¡Iilson eË al.

(1981) found broadcast ì,Ir applications to be very ínefficient for

lfn-deficient plants with less than 0.5% of. the added I4n beÍng accounted

for in plant tops. Hammes and Berger (1960b) concluded Ëhat broadcast,

applications of I{nSO4 r^zere not. saEisfactory on neut.ral and alkalíne soils.

Soil applicat.ions of MnSOO on calcareous organic soils was usually not

recommended d.ue to the rapid oxidation of lta# (Mengel and Kirkby 1979).

FÍskel and Mourkides (1955) reporred thaË soíl applied Mnsoo was

more available than either MnO, or Mn EDTA. Shepherd et al" (1960)

reported Ëhat Mn EDTA had excellent residual benefíÈs when either

banded or mixed in a Hought,on muck soil, whereas the other Mn sources

had little residual benefit" However, soil application of l,fn EDTA on

organic soils usually Íncreased severity of lr{n deficiencies (Wilcox

and cantlÍ-fr.e L969; Knezek and Greínert 1971). Thís phenomenon lüas

due to a rapid substituËion of soí1 Fe for Mn in the chelate molecule

and inactivation of the replaced Mn++. The increased Fe availabilÍËy

v¡ould have then widened the already critical Fe to I4n raEio vrithin the

plant. Manganese uptake \¡ras lowered whích resulËed ín intensified

chlorosís and yield reduct,ions.

Phosphate fert,ilizers also influenced plant Mn upËake. Ammonium

phosphate alone alleviaËed M:r-deficiency ín soybeans and significantly

increased plant luf¡r concenËrations, planË weight.s and seed. yields
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(Randalt et al, 7975b). A decrease in soil pH wirh rhe applicarion of
IUÍAP or DAP in the fertiLizer reaction zone v/as thoughË to have

increased exchangeable l4n levels. rncreased l4n upËake and extract,-

ability were also noÈed when MCP was band.ed (Voth and Christenson 19g0).

Applicatíon of MCP was as effective in supplyíng }tr to plants as r^ras

banding Mn alone.

Many workers report,ed a greater efficacy of lrfn fertilizers when

banded with a phosphate fertiLizer (Bingham and Garber L960; Míshra

and Tripathi- L973; Hossner and Richards 1968; Voth and Christenson 1980;

Randall et al. L975b). Hossner and Richards (1968) found the effectiveness

of various P sources on Mn uptake to be MAP=APP ). MCp > DAp. This suggests

that the effect hras not entirely related to pH in Ëhe reacËion zone

as the lowest pH would have been associated vrith MCp. Larsen (1964)

sËated thaË a possible chemical mobilízation of soil M:: induced by

monocalcium reactions vüas operaËing when triple superphosphaËe was

applíed.

Soil acidification through the uËilization of acid forming ferËilizers

also increased plant Mn uptake. For example, co(NH2), resulted in

higher plant I4n upËake than Ca(NO"), (Sims et a1 , L}TS) .5¿

Reports in the literature suggested Ëhat on neuËral or alkalíne

soils M:r should be applied as l4nsoor either as a foliar spray or in a

band with an acidic phosphat,e fertilizer such as monoanmonium phosphaËe

or ammonium polyphosphaËe.
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III GENERAI MATERIAI,S AND }GTHODS

The studies reported in this thesís included several individual

sËudies where different procedures vrere used. Thus, for purposes of

clarity, experimental procedures used for each índividual stud.y are

discussed with the resulËs obËained" The analytícal procedures

employed in all the pot sLudies and/or the field sËudy are deseribed

in this section. A brief descripËion of the soils used in the

invest,igations is reporËed in this section.

Some characterisÈics of t,he soils used are given

pH of the soil samples was determined on a soil-traËer

using a glass-calomel elecËrode.

in Table 2. The

paste (3:f (v/v))

The crops gror¡rn, as described in each section, were barley

(Horedum vulgare var Conquest), wheat (Triticun aestivum var Neepawa) and

rapeseed (Brassica campest.ris var Torch).

Plant samples for chemical analysis were prepared in the same manner

for all investigaËions. Total above ground plant material was harvesLed

for analysis. The planË material was rinsed three times v/ith deionÍzed

waLer, aír-dried, fíne1y ground and then sËored in paper envelopes.

A two-gram sample of Èhe finely ground planË maËerial r,¡as used for all

quantit,atíve det,erminations. The plant material was pre-digested at

room temperature for Ëwelve hours with 10.0 ml concentraËed HNO, in a

micro-Kjeldahl flask. Five ml of. lA% HCIO4 were tþsn ad<ied and the

samples dígested by heating on a nicro-Kjeldahl unit unËil clear.
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Digestions of planË material for studies reported in sectíons C and E

r,¡ere conducted using a Tecator Model 1006 brock digestion unit.

The digested material was fíltered through l^lhatman lf42 f.LLter

paper Lnto 25 ml volumetric flasks and diluted to volume \^rith deionLzeð,

\^/ater" concentraËions of I,[r, cu, Fe and zn were deËermined by

aspirating a portion of each solution into a Perkin-Elmer 560 Atomíc

Absorption spectrophoËometer. concentrations of K, ca and Mg were

determined on a 1.0 ml aliquot of each sample diluted wítjh 2.5 rnl of a

2500 pprn LiN03 solution and 25.0 ml of deionized waËer. A portion of

Ëhis solution was then aspirated into the atomic absorption spectro-

phoEometer and concenËrations of K, ca and Mg calculated.

Concentrations of sulphur T¡rere determined as descríbed by Lazrus

et al" (1966). A 0.2 mL aliquoË of the original filtrate was dílured

Èo 1 to 4l r,¡ith dei.onízed \^rater and reacËed r¿ith Bacr, at pH 2.5-3.0,

Exactly enough meËhylËhymol blue to complex Ëhe amount of Ba originally

present r¿as added and adjusted to beËweenpHI2.5 and 13. The amount of

methylthynol blue noË complexed was measured. on an Auto Analyzer TT

aE 460 nm, which reflecËed Ëhe amounË of sulfate-sulphur in the sample.

Phosphorus concentrations were determíned as described by

stainton eË al. (1974). A 0.5 ml aliquoË of the origínal planr dÍgest

was diluËed to 10.5 m1 usíng deionized water. A 0.5 nl aliquoË of the

dilute digest \¡ras then diluted to 10.5 ml and reacËed wíth 2.0 ml of a

soluËion containi.ng 250 g/1 ascorbíc acid and 7.5 g/t ammonium rnolybdate.

Phosphorus concentrations T47ere Ëhen measured using a Spectronic 100 UV-

visíble specËrophoÊometer set, at BB5 nm.
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IV RESULTS AND DISCUSSION

A. Study _I - Efject of Cu, Mn, and B fertilizatíon on yj_eld and

chemícal composjtion of wheat and barley.

(1) Introduction

Studies condueted in 1978 and 7979 showed that defíciencíes of

major nutrients as well as copper severely limited yields of some crops

gro\,rn on organíc soils (Tokarchuk et al. L97g; Racz et al . LgTg).

I{oweverr even when major nutríents and copper fertílizers \dere applied

in adequate amounts, yields of some crops such as wheat were very 1ow.

Yíelds of barley and rapeseed were also less than expected. An

interestíng feature of the results obtained. was the extremely high straw

yields in comparison to grain yÍelds. some of these low seed yields

T¡/ere associated wíth low concentrations of manganese or boron in the

plant tissue.

Field experiments, using wheat, barley and rapeseed as Èest crops,

were conducted in 1980 to study the effec.ts of copper, manganese and

boron f.etL|Lizers on yield and chemícal composition. Another important

objectíve of this study i,ras to evaluate various methods of Mn fertíIizer

applícation.

(2) Experimental Methods

Rapeseed, barley and wheat r¡ere seeded at 7, 100 and 110 Kg/ha,

respectivelyuin 1980. Each treatment was replicated five tímes in a
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randomized complete block design. Each treatment plot was 1.07 m x 6.10 m

and consisted of six rows of crop 0.18 m apart.

The treatments used for each crop at Marchand and Piney are shown

in Table 3. All plots \,/ere treared rüíth a toral of I2O KgN/ha,

comprised of a míxture of commercial grade urea (46-0-0) and ammonium

sulphate (21-0-0(24)). The nitrogen fertilizer \¡/as broadcast at tíme

of seeding. In addition to the nitrogen fertiLizer broad.cast, nitrogen

as monoammonium phosphate (11-48-0) was applíed with the seed at

1f.5 KgN/ha for the cereals and 5.8 KgN/ha for rapeseed. Phosphorus was

applied to all plots as monoanmonium phosphate and r¿as drilled with

the seed at 50 Ke Pro, /ha for the cereals and aE 25 Kg pror/ha for the

rapeseed. Potassíum chloride (0-0-62) was applied to all plots at

200 Kg Rzo/h^. Copper and boron, when added, were applied at 20 Kg Cu/ha

and 1.0 Kg B/ha as Lechnical grade cuso* 5 H2o and NarBoo, r0 H2o.

The cusOo 5 H2o was dissolved in deionized \,rater, and sprayed onto the

soíl surface. The boron fertíLizer r¡/as broadcast as a powder onto

the soíl surface. Method of adding manganese ferxíLizer (l4nsoo Hzo)

was varied. Manganese fertilizer \,üas applied broadcast, banded with

the seed and as a foliar spray. lvlanganese fertílizers were banded

with the seed at 70,20 and 40 Kg l{:r/ha. Broadcast applícations

consisted of one treatmerì.t applied at 80 Kg Mn/ha. Foliar fertilj.zer

applications, as I4nSOO 
"ZO 

díssolved Ín deíonízeð. waler, r¡/ere sprayed

on the foliage twÍce during the vegetatíve stage for barley and three

times for wheat. Foliar applications of 1.0 Kg Mir/ha were applíed on

each application date. The first spray was conducted. when the crops

ü/ere at the three to four leaf stage. The second spray for wheat and
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barley and the third

intervals after the

spray for wheat were

previous applicatíon.

All plots \n/ere rotovated

to ensure uniform incorporation

conducted at four week

a depth of approxima_Lely 10 cm prior to seeding

all fertílizers which had been broadcasted or sprayed.

LV

of

The treatments used at the Stead experimental site are shown ín

Table 3. The amounts of each fertirLzer used, method of application

and experímental design r¡/as as described above, except for boron

f.ertLLízation. Boron was applíed at 1.0 or 2.0 Kg B/ha as

NarBoo-, 10 H2o dissolved ín deionized water. These solutions were

sprayed onto the soíl surface and rotovated into the soil prior to

seeding.

The Piney, Marchand and Stead sites \i/ere sovrn on May B, 9 and 14,

respectively. A late spring frost destroyed the rapeseed aË all three

sites.

Plant shoot samples were obtained from the second and fifth rows

of each plot at the early flag leaf stage for wheat and at the early

boot stage for barley. The chemical compositíon of the plant shoots

!/as determined as previously described. Final harvests were taken 92,

97 and 111 days after seeding for barley at stead, Marchand and piney,

respectívely. Final harvests were taken 108, L2O and I2L days for

wheat at }farchand, Stead and Piney, respectively. Each plot was

harvested by cutting the plants at approximately 1.0 cm above the soil

surface from the center 3.05 m of the third and fourth rows. The

plant samples were then dried at 30oc to 40oc for two r¿eeks, and Ëhen

threshed. Straw and grain yields were then obtained.
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Table 4" Effect of Cu, Mn and B ferËílizers on yield of wheat
stravr and grain at Stead (Kg/ha) 

"

TreaÈment S traw Grain

Major nuLrients

(1) + Cu

(1)+lKgB/ha

(1)+Cu*1Kg

(1)+Cu*2Kg

(N, P, K and S) (1) 4742 a

4373 a

5277 b

44LO a

4935 a

952 a

1488 a

906 a

1506 a

1580 a

b-*

Blha

nlha

zk Duncanrs Multiple Range Test: Values followed by the same 1etËer are
not signíficantly differenË at the 57" LeveL"

(3) ResulËs and Discussion

inlheat

Grain yields were irrcreased by copper tertilízaLion at Piney and

stead, whereas grain yields at Marchand were usually unaffected by

minor element ÍertlLizaLion (Tables 3 and 4) " Applicatíons of manganese

and/or boron had very little effect on grain yields aE any location

except at Marchand where a decrease in yield of grain occurred when Mn

and B were applied (Treatment B). copper was not applied to this plot

and adding Mn and B probably accentuated the copper deficiency. Boron

applications without copper had a deËrimental effect on graín yields

at Pi.ney. Yields of grain with onry cu and Mn were also higher than

when Cu, B and 16r were added (Treatment 9 vs Treatrnent 4). This suggest,s

that êpplicatíon of boron resulted in. boron toxicity.
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Straw yields were variable (Tables 3 and 4). However, variations

in straw yields, except for the tln plus B treatment at Marchand were

generally not related to applications of micronulrients.

I^Iheat grain yields at all locations Ín 1980 ïrere greater than those

obtained in previous years at the same locations. Grain yields with

sufficient quantities of all fertÍlLzers varied from about 2OO to 500 Kg/n^

ín 1979 (Tokarchuk et al. L979), whereas graÍn yietds varÍed from about

1500 to 2000 Kglha in 1980. The greater yields in 1980 \^rere most 1ike1y

a result of hígh early spring temperatures and earLy seeding. straw

yields obtained in 1980 were similar to those obtained ín previous years.

Thus, it appears that weather cond.itions, particularly low soil and

air temperatures, \¡/ere partly responsible for the low graín yields

obtained in previous years.

copper concentrations of wheat grovüfi without copper fertilization were

very low to low at all three rocations (Tables 5, 6 and 7). copper

concentrations in wheat shoots were increased significantly at all
locations when 20 Kg cu/ha were applied. However, as noted previousry,

wheat yields were increased at only two of the three experimental síLes

(Stead and Píney).

l4anganese concentrations in plant shoots r¿ere relatively high in
comparison to those obtained at these same locations in 1919. In ]1g7g,

manganese concentrations in wheat shoots varj-ed from 14 to Il, 5 to g and

36 to 47 ppm ar Piney, Marchand and stead, respectively (Tokarchuk et a1.

7979) ' Manganese concentrations ín wheat shoots in 19g0 varied from

about 20 to 100 ppm when manganese fertirizers !üere not applied. Thus,
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man'ganese concentrations in 1980 were about one and one-half, two and

Ëhree tímes the lvfn concenËracions reporËed for wheat by Tokarchuk et al.
(L979) for Ëhe Marchand, st,ead and piney sítese respectively. The

large differences in Mn concentrations in wheat shooËs between 1979

and l9B0 vlere probably due to differences in environmental cond.itlons

encountered between the t\n/o years" In contrast to L979, air temperatures

in the spring of 1980 were high and soil moist,ure conditions hrere lower.

This undoubtedly caused differences in soil temperatures beËween the

tvlo years which may have affecLed the availability and upËake of I,îr by

the plants.

Manganese concenËraËions in wheaË shoots increased when luf:r r,¡as

applíed to the soil. Foliar applieations of I4:: had little or no effect
on Ëhe lufn concentrations in wheat. rt should be noted, however, that

foliar luln was applied only once prior t,o sampling of the plants for

analysis. AË Ëhe Piney experimenËal site, broadcast, and with-t,he-seed

Iln fertilízer appLications were about equal in increasing }fn concentration

in wheat. Hovrever, at Ëhe Marchand site I4n applied r¿ith the seed at

40 Kg l{n/ha resulted in a significantly higher Mn concenËration in wheaË

Ëhan Mn broadcast at 80 Kg lfn/ha. BroadcasËíng Mn at g0 Kg/ha at this
site was equivalent to applying 20 Kg lfn/tra with the seed.

Amounts of Mg, cê, s and p in wheat shooËs were ad.equate for normal

growth and were relaËively unaffected by micronuËrient fert.1-;-ízer

application' Potassium concentrations in wheat at piney were not

affecËed by micronutrient ferËilization. Applications of Cu wi¡hout, B

at stead decreased K in plant shoots whereas applications of cu and B
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(Treatment 2) increased K in plant shoots at Marchand. Zinc concentrations

in wheaË shooËs were high at. Piney and Stead. Zinc concenËratíons in

rvheat at Marchand, although adequate, v/ere much lo\,rer Ëhan at Píney or

SËead. There r¡¡as a decrease Ln Zn concentrations in wheat at SËead

wiËh the addition of Cu. Iron concentrat,ions in wheat were in the

adequate range at all locations. Iron concentrations ín wheat. aË Stead

decreased when Cu was applied. The effects of Cu ferËilízers on Fe

concentraËions were much more pronounced at Ëhe Marchand site, where

Fe tissue concenËrations \^iere about two-fold great,er wÍt,hout than wíth

copper f.erELLLzation. No effecË of Cu fertílizers on the Fe concentrat.ions

in wheat, grovTrl aË Píney were noted.

Barley

Yields of barley grown at. Marchand and Piney \^rere not affected

signifícantly by applícation of micronutrienËs (Table B). Grain yields

at Piney r,rere variable" The barley crop lodged after heading at Piney.

Thís undoubtedly account,ed for some of the variability in grain yields.

Grain yields of barley aË Stead were increased by boËh copper and boron

lertlLLzation (Table 9). Yield of barley \^rirh Cu plus B at 2.0 Kg/ha

was significantly higher than yield wiËh only NPK and S" The response

to B aË the Stead site was noË expected, based on soil pH. The Stead

site had a pH of 6.1 whereas pH values for the Marchand and Piney siËes

wete 7.6 and 7"2, respectively.

Barley grain yields were moderate and varíed from about 2700 to 3300 Kg/ha

for the three experimental sites.
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:::==::==:::11=::=:::=:=:::::=:::=:::::=iig1l:l:==========================
Pinev Marchand

TreatmenË Straw Grain St,raw Grain

Major nutrients (N, P, K and S) (1)

(f)+Cu*B

(1) + Cu * B + 10 Kg Mn/ha banded

(1) + Cu * B + 20 Kg Mn/ha banded

(1) + Cu * B + 40 Kg \tn/ha banded

(1) + Cu * B + B0 Kg }kr/tra broadcast

(1) + Cu * B + 2 Kg lln/tra foliar

(1) + B + 20 Kg Mn/ha banded

(f) + Cu * 20 Kg Mn/ha banded

4614 a

46L6 a

4086 a

4402 a

44L9 a

4079 a

456L a

3574 a

5318 b

2726 a

2864 a

2920 a

2818 a

3160 a

2495 a

3262a

2643 a

3400 a

3447 a

2864 a

2853 a

3073 a

3079 a

3L66 a

2757 a

27L7 a

2957 a

3576 a

2790 a

302L a

3326 a

327L a

3631 a

3L69 a

3095 a

3215 a

b

b

b

b

b

b

b

Duncan's Multíple Range TesÈ: Values followed by the same leËter are noË
significanËly dífferenË aË the 5"Á Level. Separate staÈistical analysis
was conducËed for each siËe.

Table 9. Yield of barley sËraw and grain at Stead (Ke/ha).

Treatment Straw Grain

Maj or nut,rient,s

(1) + Cu

(1)+1KgB/ha

(f)+Cu*1Kg

(1)+Cu*2Kg

(N, P, K and S) (1)

Blha

Blha

4382 a

4446 a

4976 a

4362 a

4568 a

2273 a

2689 ab

3086 a b

2846 ab

3297 b

*D.rrr""rrts 
MulÈiple Range

significanËly dif ferenË
TesË: Values followed by Ëhe same letËer are not
^& &L ^ Col I ^--^1dL LIIC J/õ LCVËL.
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Straw yields were very high

high aË Marchand" Varíations in

applications of any nutrient,

at Piney and Stead and moderat.e to

strar^r yíelds \^/ere not related to

copper concentrations ín barley \,./eïe aË sufficiency levels
(2:' 2.3 pp*) for all treatmenLs and experimental sites except for the

boron plus manganese Ereatment at Marchand and the boron only treatment

at stead (Tables 10, 11 and 12). copper concentrations in barley

shooËs, when only majoï nutrients weïe applied, varíed from 4.2 to

6.8 ppm" In contrast, Cu concentrations in v¡heat shoots at the same

sit,es varied from 1.5 to 2.6 pptn. These results d.emonsËrate thaË

barley was able to acquíre a greater amounË of cu from the soil than

wheat, under conditions of 1ow avaílable Cu.

Manganese concentrations were in the suffíciency rarlge for barley
grown at Piney and Stead. Manganese concentrations \^rere at about the

critical level ín barley gro\¡rïL at tr{archand withouË manganese fertilizer.
Both broadcast and with-seed applícations of manganese increased

manganese concenËrations ín the plants at Piney. Broadcast applicaËion

of manganese vTere ineffective in increasing manganese concentrations in
plants grovirl' aË Marchand, whereas wiËh-seed applications r,¡ere effectíve.
Foliar applications i^/ere ineffective in increasing luin concentrations.

copper and/or boron additions at the stead site significantly deereased

Ifn concenËratj.ons in barley shooËs. However, Ëhe hÍghest yíelds were

usually associated with Ëhis ËreaËment at this siËe and therefore a

díluËion effect \^las mosË likeIy responsible for the red.ucËion ín l"fn

concentraËion,



:::
l:=

:::
=

=
:::

:i:
:i=

::=
:::

:::
:=

::=
:::

ïI=
::=

:::
3=

3:
::=

::ï
:=

iÏ:
:::

:::
it=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

T
re

at
m

en
t 

}f
l:l

 
C

u 
Z

n 
F

e 
yg

 
K

 
C

a 
-9

_ 
L

M
aj

or
 n

ut
rie

nt
s 

(1
)

(1
)+

C
u*

B

(1
) 

+
C

u*
B

+
10

ì{
n-

B
al

(1
)+

C
u*

B
*2

0M
:r

-B
a

(1
)+

C
u*

B
+

40
M

n-
B

a

(1
)+

C
u*

B
+

B
O

lh
-B

r2

(f
)+

C
u*

B
+

21
4:

r-
F

o3

(1
)+

B
+

20
M

n-
B

a

(r
) 

+
 c

u 
* 

20
 I4

n-
B

a

L7
a

L6
a

25
be

d

2L
 a

b

26
cd

17
a

L9
a

29
d

23
b 

c

rq

D
un

ca
nr

s 
M

ul
t,i

pl
e 

R
an

ge
 T

es
Ë

.
le

ve
l.

1 -B
an

de
d

t -B
ro

ad
ca

st

a J_
 

_.
¡'o

Ir
ar

4.
2

4.
6

5.
2

4.
7

4.
9

4.
2

3"
6

2.
L

4,
L

b b

37
b

23
a

25
a

31
 a

b

25
a

24
a

24
a

2L
a

25
a

16
2

L4
6

L6
4

L2
7

L2
0

14
8

L2
5

14
5

11
8

ab

.2
8

,2
8 )o .2
8

.2
6

.2
7

.2
4

.2
6

.2
7

V
al

ue
s 

fo
llo

w
ed

 b
y 

th
e 

sa
m

e 
le

tte
r 

ar
e 

no
t 

si
gn

ifi
ca

nt
ly

 
dí

ffe
re

nt
 

at
 t

in
e 

5%

L.
6 

a

1.
8 

a

L.
6 

a

L.
7 

a

L,
6 

a

1.
8 

a

1.
6 

a

2,
0 

a

I.7
 a

62 6I 64 67 57 60 55 6T

2) "2
L

.2
4

.2
6 11 ,2
5

.2
4 )) .2
4

.3
4

.3
0

.3
3

.3
1 10 .J
I

.3
0

"3
2

.3
r

60
a

(/
)

L¡



T
ab

le
 1

1.
 

C
he

m
ic

al
 c

om
po

si
t,i

on
 o

f 
ba

rle
y 

at
 e

ar
ly

 b
oo

t 
st

ag
e 

(P
in

ey
).

=
=

=
=

 =
=

 =
=

=
=

=
=

=
 =

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

 =
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
 =

=
=

=
=

=
=

=
=

=
=

=
=

T
re

at
m

en
t 

I'I
:n

 
C

u 
Z

n 
F

e 
M

g 
K

M
aj

or
 n

ut
rie

nt
s 

(1
)

(1
)+

C
u*

B

(f
)+

C
u*

B
*1

0 
I4

n-
B

a

(1
)+

C
u*

B
42

0 
},

tn
-B

a

(1
)+

C
u*

B
+

40
M

n-
B

a

(f
)+

C
u*

B
+

B
0 

I4
n-

B
r

(1
)+

C
u*

B
+

3M
n-

F
o3

(1
)+

B
+

20
ì4

n-
B

a

(1
) 

+
 C

u 
* 

20
 I4

n-
B

a

:k
43

a

30
a

34
a

46
 a

b

55
bc

76
c

39
a

48
 a

b

47
 a

b

D
un

ca
nf

s 
M

ul
tip

le
 R

an
ge

 T
es

t.
le

ve
1.

1 -B
an

de
d

t "B
ro

ad
ca

st

3_
 -

.
¡'o

Ir
-a

r

pp
n-

6.
8 

b

9.
0 

c

7.
8 

b

8.
6 

b 
c

9.
2 

e

8"
4 

b 
c

8.
6 

c

3.
4 

a

8.
1 

b

4L
a

36
a

37
a

4L
a

39
a

38
a

39
a

38
a

37
a

60
a

52
a

58
a

57
a

56
a

57
a

55
a

69
b

56
a

29
a

26
a

26
a

28
a

30
a

29
a

30
a

26
a

28
a

V
al

ue
s 

fo
llo

r,
re

d 
by

 t
he

 s
am

e 
le

tt.
er

 
ar

e 
no

t 
si

gn
ifi

ca
nt

ly
 

di
ffe

re
nt

 
at

. 
tir

re
 5

7"

C
a

1.
8 

a

L.
7 

a

1.
lr 

a

L,
6 

a

1.
9 

a

1.
5 

a

1.
5 

a

L,
7 

a

l.B
 

a

J

.4
I 

a

.3
8 

a

.3
9 

a

.4
4 

a

.4
6 

a

.4
4 

a

.4
4a

.4
2 

a

"4
4 

a

D I

.2
6 

a

"2
4 

a

.2
7 

a

.2
6 

a

.2
7 

a

"2
8 

a

.3
0 

a

.2
8 

a

"2
8 

a

.4
3 

a

.4
2 

a

.4
0 

a

"4
5 

a

.4
3 

a

.4
5 

a

"4
6 

a

.4
8 

a

.4
2 

a

(, O
,



T
ab

le
 1

2.
 

ch
em

íc
al

 c
om

po
si

t,i
on

 o
f 

ba
rle

y 
at

 e
ar

ly
 b

oo
t 

st
ag

e 
(S

te
ad

).
=

=
=

=
=

=
=

=
 =

=
=

=
=

=
=

=
=

=
 =

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
 =

=
=

=
 =

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
=

=
 

=
=

=
=

=
=

=
=

T
re

at
m

en
t 

M
n 

C
u 

Z
n 

F
e 

M
g 

K
 

C
a 

S
 

p

M
aj

or
 n

ut
rie

nt
s 

(1
)

(1
) 

+
 C

u

(1
) 

+
 L

K
sB

/h
a

(1
)+

C
u*

lK
gn

/n
a

(1
)+

C
u*

2K
gB

ln
a

D
un

ca
nt

s 
M

ul
tip

le
 

R
an

ge
 T

es
t.

le
ve

1.

56
b

42
b

40
b

29
a

42
b

pp
m

-

1.
)

4.
6

L.
7

5.
0

7.
6

34 25 38 35 42

V
al

ue
s 

fo
llo

w
ed

 b
y 

Ë
he

 s
am

e 
le

tte
r 

ar
e 

no
t s

íg
ni

fíc
an

tly
 d

iff
er

en
t 

at
 t

:n
e 

5"
/"

49 39 59 49 59

b b

.3
0

.3
0 to "2
9

.3
3

a.
)

Lo
J

10 1.
8

1.
8

1.
6

.2
4

"2
7

.2
6

.2
5

"3
7

.3
5

.3
6

.3
3

.3
1 to

.4
7

.4
6

.4
s

.4
3

.4
0

(, !



3B

Zínc, Fe, Cu, Mg, K, S and p concentrations in barley shoots were

generally aE sufficiency levels. Although there rüas some variability

in tissue chemical composition, no trends could be attïibute¿ to the

nutrients applied. concentrations of iron in plant tissues at stead.

and Piney were close t.o levels at which yield decreases may be

expected to occur.

(4) Summary

I^IheaË grain yields were increased by copper fertíLízation at píney

and Stead' Applícations of boron and manganese had 1itt1e or no effect
on wheat grain yields. yields of wheat lreïe generally higher in l9B0

than in previous years at the same locations. ThÍs was attributed Eo

the higher early spring temperatures ín 1980.

Barley grain yields were increased by copper and boron fertilization

at stead. Manganese, copper and boron fer1iLLzers had little or no

effect on yields aË píney and Marchand.

Banding manganese fertíLizers with the seed of barley and. wheat

I¡Iere very effective in increasing manganese concentrations in plant shoot,s.

Broadcast, applications of manganese r¡/ere generally not as effective as

with-seed applicaËions. Foliar applicaLions of manganese rvere ineffective

in increasíng concentrations of manganese in planË shoots.

A significant. feature of the results obt,ained in l9B0 when compared

to those obËained in previous years was the exËreme year to year

variability in concent.rations of manganese and oËher elements in plant

shooËs even though the experimenËal Locations rüere t.he same..



YÍelds of crops also varied greatly from year to

in nutrient uptake and yield \üere most lilcely due

in weather condiEj-ons, particularly air and soil

39

year. The variatíons

to yearly variations

temperatures.
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B. Study II - The influencè of soíl temperature on the availability

of l"fn in ôrganic soils.

(1) Introduction

It was noted in the previous study, that yield and manganese

concentrations ín plant shoots varied greatly from year to year when

gro\.^in on organic soils at the same locations. It was postulated that

weather conditions, particularly soil temperature variatÍons, r¡rere

largely responsible for the variations in l4n concentrations. An experiment

was inítiat.ed to investÍgate the effects of soil temperature in a

controlled environment growth room on t.he manganese uptake by wheat and

barley.

(2) Experimental Methods

trdheat and barley !üere gro\¡rn in four temperature controlled water

baths ser ar ro t toc, 15 1 Loc, zo j toc and 25 ! zoc. The barhs were

situated in a conviron Model P6l^136 envíronmental growth chamber.

All pots v/ere treated with 120 Kg N/ha as NH4N03, 200 Kg KrO/ha as

K2S04, ll0 KS Pr}r/ha as NHOHTPOO and 40 t<g S/ha as (NH4) 
ZSO4. Amounrs

of fertilízer appLied were calculated on an area basis. The NHOHTpOO and

(NH4)rS0O added supplied an additíonal 65 Kg N/ha. A1l nutrients (technical

grade chemicals) were sprayed onto 400 grams of air-dried soil ín solution

form and well mixed with the soí1. The soil used was a Terric Mesisol from

the Stead location. The treated samples vrere placed into clean plastic

bags and placed into cylindrical pots (11 cm dia. x 35 cm).

Six barley or wheaË seeds were placed in each pot at a soil depEh

of 1.5 cm. The pots \^/ere \^ratered t.o field capacity moisture conËent.
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Plants were thinned to five seedlings per pot shortly after emergence.

Plants were checked daily to maintain water content between 757. and 1007.

of field capacity. A daylength of 16 hours was employed wíth day/ní-gtrl

air temperatures of. 20/I3oC.

The above ground portion of three plants from each pot vrere

harvested Ëhree weeks after emergence and dried. The plants varied in

stage between the Ëhree Eo four leaf stage depending on soil temperaLure

and date of emergence. The planËs $/ere harvested 18, 19, 2I and 2L

days afËer emergence for the 10r 15, 20 and 25oC temperaËure ËreatmenLs,

respect.ively. A final harvest of the remaining two plants rtas conducted

when the plants reached the early boot stage. The plants achieved boot

stage at various times after emergence depending on soil temperature.

Days t.o harvest were 32, 32r 36 and 37 days for plants at.25r 20,15 and

10oC, respectively. The planË material was air-dried, weíghed, ground and

anal-yzed. for nutrient composition.

(3) Results and Discussion

Dry matter yields at the three to four leaf stage íncreased wiËh

soil temperature for both wheat, and barley (Table 13). Maximum yields at

Èhe three to four leaf stage were obËained at 20 and 25oC for wheat and

barley, respectively, The lower yields at the lower temperatures Tdere

due mainly to delayed emergence aË the low temperatures. Dry maËter

yields at the boot stage, indicate that the optímum soil temperature for

growth of wheat and barley t¡as approximately l5oC.

Manganese concentraËions in v¡heat and barley at the three t.o four leaf

sËage increased with increasing Èemperature over the range of 10oC to
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Table 13. Dry matter yields of wheat and barley at Ëhe 3 ro 4 leaf sËage

===========:::=::=:i:=:::1I=::::=:::::=::=::::::::=:L::::=::l:llSlIIl===

Treatment
3toh

Leaf Srage

¡l
"69 a

1.00 a b
1.95 c

1.60 b c

L.42 a

2.37 b

4.00 c

4.52 d

Early
Boot sËage

5"16 a
7"10 b
5.02 a

4.48 a

L2.23 b

13.90 c

L0.2L a

LL.26 a b

Total
Dry Mat.Ëer

5. 85

8. 10

6,L6

6.08

13. 65

L6 "29
L4 "27
15. 78

irrheat 10oC

I,riheat 15oC

I^Iheat 20oC

Wheat 25oC

Barley 10oC

Barley l5oC

Barley 20oC

BarLey 25oC

Duncanrs Multiple Range Test:
noË signíficantly different at
done on both crops.

Numbers followed by the
tlne 5% level. SeparaËe

same letËer are
analyses

Table 14. Chemical composition of wheat and barley at the 3 Ëo 4 leaf

===========1133!============================= ==========

Treatment Mn CUFeZnPKS

Itlheat 10oC

ilheat 15oC

Inlheat 20oc

hrheat 25oC

¿
55a
70ab

101 b

9sb

L7a
25a
40a
46b

3.7 a

2.9 a

3.0 a

2.6 a

4.L a

3.2 a

3,6 a

4.0 a

105 a

9La
94a
90a

76a
100 a

85a
97a

Barley

Barley
Barley

Barley

looc

15oc

zoo c

z5o c

44a
55a
42a
42a

2La
27a
25a
3La

.51 a

.63 a

"7I a

.67 a

.42 a

"45 a
.49 b

.52 c

4"2 b

3.2 b

1.5 a

2.0 a

1.9 b

L.6 a

0.8 a

1.1 a

.24 a

.23 a

.28 a

.28 a

,L7 a

.26 b

.26 b

.27 b

b

c

b

b

Duncants Mulciple
not signíficantly
both crops.

Range Test,: Numbers
differenË at t]rle 57.

followed by the
level. SeparaËe

same leËt,er are
analyses done on
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20oc çrable 14). rncreasing the soír temperaËure frorn 10oc to 2ooc

resulted in a two-fold increase in lvln tissue concentraËions of both crops.

changes in the concentrations of other nutrienËs in the plant wiËh

íncreasing t.emperature were variable, concentrat.ions of cu, Fe and Zn

TáIere generally noL affected by soil temperaËure and S concentrat.ions

tended to increase with soil temperatures whereas K concentrations

decreased with soil ÈemperaËure. Decreases in concentration of some

elemenËs wíth increasing soil Ëemperature would be expected due Ëo the

greater yields (biologÍcal dílution) at the hígher Ëemperatures.

The fínal harvesË of wheat and barley, Ëaken at the early boot stage,

also showed that soíl temperature v/as an imporËant factor ín controlling

manganese concentrations in plant shoots (Table 15). The trends obtained

Table 15. Chemical composition of wheat and barley at the early boot stage.
== === = = == = = = === = = = = = == = = = = = = = = == = = = == == = = = = = = = = = = = = == == == = == == = === == = = = = = = =

Treatment Mn Cu Fe ZnPKS

I,lheat l0oc
I,J"heat 15oC

trrrheat 20oC

Wheat 25oC

40a
59a
83b
86b

15a
25b
35c
26b

L,4 a

1.8 a

l-.5 a

1.5 a

L,7 a

2.3 b

1.5 a

I"4 a

24a
26 ab
36c
34b

13a
L7a
13a
L4a

.37 a

.40 a

.5r b

.56 b

.22 a

.22 a

.25 a

.24 a

.18 a

.20 a

.24 a

,26 b

.08 a

.08 a

.08 a

.09 a

45a
45 a.

51 a

57a

47a
55b
46a
39a

.80 a

.80 a

"80 a

.80 a

"82 a
.80 a

.90 a

.85 a

b

b

Barley

Barley

BaxLey

Barley

looc
__o15c
zoo c

z5o c

Duncants MulËip1e Range Test:
significantly different aË the
was conducted for each crop.

Values followed by
5"/" J-evel-. SeparaËe

the same letter are not
staËistical analysis
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rrere similar to those obtained for the earlier sarnpling daËe. There was

a two-fold increase in the !Ír concentrations in planËs as soil temperat.ure

r¿as Íncreased from lOoC to 2loc. Above a soil temperaLure of 20oC there

was little or no effect on I4n concentrations in wheat, whereas a decrease

in M¡: concent,ration occurred in barley. Soil temperature had little or no

effect on the concentrations of the oEher nut.rients in barley, except

for higher concentrations of Cu and Fe reported for the 15oC treatmente

t¿hich also resulted in Ëhe highest dry matter yields. Increasing soil

Ëemperat,ures had a slight posítive influence on the S, Zn, Fe and P

concenËrations in wheat. I^Iheat grovrïÌ at l5oc had slightly higher Cu

concentratíons than at the other temperatures and resulted ín the highest

wheat yields obtained. The increased yields of wheat and barley at l5oc

r¡rere possibly due to higher Cu concentrations in these plants,

particularly for wheat. which exhibited cu deficiency symptoms at the

higher soil temperatures. This would indicat.e thaË wheat and barley

plants grown at the higher temperatures had a higher functional requirement

for Cu.

Since the sampling time was varíed so that al1 planÈs T¡/ere at the same

stage of developmenE the results from the final harvest probably reflect

more accurately the influence of soil temperat.ure on the chemical

composition of these crops than the sarnpling taken at the three to four

leaf stage.

Manganese concent.rations in the barley plant.s gror,in aÈ 10oc were

relaËively low and were probably inadequate for maximal plant growth. In

contrasË, Mn concentraÈions in barley plants grown at 15 , 20 and 25oc were
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relaËively high and considered to be adequate for growth" All Mn

concentrations in wheat shoots were r¿e1l above the reported critical

levels aË all soil Ëemperatures.

(4) Summary

Manganese availability in the organic soíl studied was a function

of soil t.emperature. A good relaËionship between I'ln concenËration in

wheat and. barley shoots and soil temperature ín the range of 10oC to 2OoC

was obËained.
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study rrr - The ínfluence of soil temperaLure on the avaí1abi1ity

of applied fertilizer TIn.

(1) IntroductÍon

An interesting result from the previous study was the low Mn

concentrations in barley plants gro\^rrt at a soil temperature of 10oC. This

study was initiated to determine the influence of soil temperature on the

availability of applied }tr fertilizer as measured by barley uptake.

The low Cu levels in both the wheat and barley in the previous study

indicated that fertiJi-,zer Cu was required for optímum yields, especially

aL the higher soÍl temperatures. Therefore, another objective of this

study v/as to evaluate the efficacy of applied cu at the various soil

temperatures.

(2) Experimenral Methods

Experimental design, equipment, amounLs of nutrients applíed and all

other procedures vüere as described in the previous study except that

l"ln and cu fertil ízers were applied to some of the pots and only barley

T,.ras gro\,irr. Manganese application per pot was equivalent to 50 Kg }4n/ha,

while coPper applications r¡Iere equívalent co 10 Kg Cu/ha. Amounts of Cu

and l4n applied were calcul.ated on an area basis. These nutrients

were applied as technical grade Mnsoo 
"2o 

and cusoo 5 H2o. The

fertíLízers r¡/ere dissolved in deionízed water, sprayed onto the soil and

then thoroughly mixed. Three barley plants were harvested from each pot

for tissue analysis at the three to four leaf stage, rl, 20, 22 and 22

days after emergence for the 10,15, zo a.,'d.25oc temperature baths,
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respectively" A final harvest of the remainíng two plant.s \¡¡as conduct.ed

at Ëhe bootstage which occurred aE 35,34r 35 and 35 days after

emergence for the 10, 15u 20 and 25oc temperature baths, respectively.

(3) Results and Discussion

Micronutrient fertÍlizers had no

Ëhree to four leaf sËage (ta¡1e 16).

soil t.emperaLure" Yields obtained at

recorded as an incidence of root rot

plants at this sarnpling daËe"

tooc
G/pot)

effect on barley yields aÈ the

Yields increased r¿iËh íncreases in
ôthe 25-C temperature r^/ere not

reduced the number and sLze of

Table 16. Yields of barley at the three Eo four leaf sÈage as affected
by soí1 temperature and Cu and Mn fertilízati.on (g/pot).

-== ==-=== === = === = = = = = = === ==== = ==== = ===== === === = = = == = == = ==

TreaËment Soí1 Temperature
15oc zooc

( e/ pot) (e/pot)
zso c

( e/po t)

NPKS (r)

(1) + Cu

(1) + lrrr

(1)+Cu*I4n

l.16 a

1" 30 a

1.40 a

L"23 a

3"53 a

3.62 a

3.30 a

3.50 a

4.40 a C

4.66 a B

4.32 a C

4.53 a C

A

A

A

A

,D

ll

B

DÐ

Duncanrs Multiple Range Test: values followed by Ëhe same letter are
noË significantly dífferent aË the 57. Lever. The small letters were
used for comparisons among f.ertíItzer treatments at a part.ícular
temperature whereas Èhe capital leËËers were used for comparisons among
temperature for a particular fertilízer treaËment.
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Yields of barley obrained at the earLy boot, stage \üere increased by

l¡r¡r f ertil LzaLLon when grown at a soil temperature of 15oC (fable 17) .

Table 17, Yields of barley at the early boot stage as affecred by soil

===========:::::::::::=:::=::=:::=::=:::::l:::::::=::illll=================
Treatment Soí1 Temperature

looc 15oc ' zooc zsoc
Glpor) (e/pot) (e/pot) (e/pot)

NPKS (f) I2.2 a* A LL"7 a A 10.5 a A 10.9 a A

(1)+Cu L2"5a A L4,6abA, 13.3aA' LI.2aÃ
(1)+l4n j-L"Za A r5.0b B L2"5aA 11.3a4
(1)+Cu*l"h I2"7a A t4"5abA L2.2aA L2.3aÃ

Duncan?s Mu1Ëip1e Range Test: Values followed by che same leËter are not
significantly different at the 5% LeveL. The small letters were used for
comparisons among ferËilízer treatments at a partícular temperature
whereas the capital letters were used. for comparisons among Ëemperature
f.or a particular fertilízer treatment.

Neither cu and/or luf:r íncreased yields signifícantly at any other soil

temperature, alËhough yields generally tended to be greaEer with the

addition of mícronutrients. OpËimum yields were obtained at a soil

ËemperaEure of 15oc, except when only major nutrients were applied.. The

highesr yield with major nuËrients only was obtained at 1OoC. In contrast

Ëo the previous study, the days to final harvesËvüerevery nearly the same

aË Ëhe various temperatures in this study. This was a result of

increased days Èo maüurity for plants at 25oC and 20oC and a decrease in

days to maturity for the plants gro\,m at the lower soil temperatures.

Manganese concenË,rations in barley aË Èhe Ëhree Èo four leaf stage v¡ere
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increased signifi-canLly with the addition of IkIS04 compared Ëo plants

gror^rn at soil temperaËures of 15 and ZOoC ltatle 1B). There ivas also an

increase in },fn concentrations in shoots aË the lorver soÍl temperaEure

wíth M¡r fertLlization but differences \,üere not significant,

Table 18" l'langanese concentraËions ín barley at the t.hree Ëo four leaf
stage as affected by the addition of Cu and/or l'{n and soíl

===========:::::::llll================================ ==========

TreaËment
looc

(uc/e)

Soil Temperature
r5oc 'zooc

(uele) (ue/ e)
z5o c

(uele)

NPKS (1)

(1) + Cu

(1) + Mn

(1)+Cu*Iln

16.5 a

14.2 a

28"0 a

15,5 a

A

A

n

A

B

B

Ð

B

B

B

C

27.0 a A

'28.5 a A

45.3 b A

29.L a B

35.3 a

35.3 a

76.0 b

43.3 a b

Duncan's MultÍple Range Test: Values followed by Ëhe same letËer are noË
significantly different. at the 5% Ievel-. The small leËters were used for
comparisons among fertílizer treatments at a particular temperaÈure
whereas the capital letters v/ere used for comparísons among temperature
for a particular fertílizer treatmenË.

Copper concenËrat,ions in barley aË Ehe three to four leaf sËage \../ere

increased when CuS04 lras added (Table 19). This response was anticipated

as it was shov,¡n in previous studies (Tokarchuck eË al" 1979, Reid and Racz

f980), that additions of Cu to organic soíls usually increased Cu Ëissue

concentrations "

Manganese concenÈrations in barley at the early boot stage increased wíth

increase_s in soil'L-emperauurg ( table 20) , Ihe fÍrÍdingswere símilar to Ëhose
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Table 19. Copper concentraËions
stage as affecEed by
t emperature "

in barley at the three Èo four leaf
the addition of Cu and/or l"fn and soil

Treatment
looc

(ue/e)

Soil Temoerature
t5oc iooc

(ue/Ð (ue/e)
z5o c

(ue/e)

NPKS (1)

(1) + Cu

(f) + ¡4rr

(1)+Cu*Mn

2.6

7"8

3.7

6"6

aA

bA

aA

bA

2"8

6.4

3"0

6.6

aA

A

A

l\

¿"4

6"r

3.9

8.1

A

cA

bAa

b

Duncanrs MulËiple Range Test.: Values followed by the same letter are not
significanËly different at the 5% LeveL" The small leËËers were used for
comparisons among fertíLízer treatmenËs at a particular temperature
whereas the capital lett,ers Trere used for comparisons among temperature
for a part.icular fertilizer Ereatment.

noted in the previous study, except that in the previous study manganese

concentrations did not increase between 20 and 25oC. In Ëhis sËudy there

I¡Ias a signÍfícant increase ín manganese concentrations ín barley between

the two highest soil temperatures (20 and 25oC) investigat,ed. It is

interestíng to not.e thatu in this study, an increase in soil temperature

from 20 to 25oC resulted in a very large increase in Mn concentrations ín

plant shooËs. It is difficult to suggesË reasons why differences in }rln

concentrations ín plants grown aE 20 and 25oC were obtained in this

experiment and not in the fírst experíment. However, sínee soÍl

temperatures above 20oC rvould not be expecËed to be encountered in organic

soils particularly below Ëhe surface few cm of soil (Appendix, Table 1),

the differences encounËered between Ëhe Ër^¡o studies ín the Mn concentrations

of the plants gïo\,rïr. at 20 and 25oC have little or no practical importance"
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Applications of I'ln at 50 Kg \ln/ha had no ef fect on Mn concentratÍons

ín barley at the early boot stage regardless of soil temperature (Table 20).

TabLe 20. Manganese concentrations Ín barley shoots at the early boot stage
as affected by the addition of Cu and Mn and soil temperature.

TreatmenË Soil Temperature
r5oc ' 

2ooc
Ge/Ð tuele)

looc
(,rgl g)

25o c
(ue/e)

NPKS (1)

(1) + Cu

(1) + l.1n

(1)+Cu*lvIn

I7.2 a A

13"3 a A

ZL.l a A

16.7 a A

25.0aAB

19.8 a B

25.5 a A B

22.2 a A

33.5 a B

25.7 a B

37.5 a B

28.3 a B

55.8 b

a1 É,

6L.2 c

4s.6 b

cC

C

C

C

t-
Duncan's Multiple Range Test: Values followed by the same letter are not

significantly different at the 57. LeveL. The small letters were used for
comparisons among fertlTizer treatments at a particular temperature whereas
the capital letters \.^/ere used for comparísons among temperature for a
partícular fertilizer tTeatment.

A response in plant lfn concentration to applied ltln was obtaíned when plants

\¡lere sampled at the three to four leaf stage. The transítory effect of the

applied MnSOO could have been due to slow oxidation of the applied l4n# and

fixation of the applied lufn into forms not available to the p1ant. An ínter-

estíng observatíon noted at this sampling date was the antagonistic effect of

CUSOO on Mn assimílation by barley. Manganese concentratíons in plant shoots

decreased when CuS04 \ras added with or without MnSO4. These decreases,

however, v/ere significant only at 25oC. Similar trends v/ere noted in the

field studies conducted on thís soil where CuSOO additions decreased Mn

concentrations in plant shoots. These findings are contrary to those in the

literature r¿hich indicated that additions of CuSOO increased Mn availabilíty
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through an exchange of Cu for organically bound Mn (Hemstock and Low 1953).

Nyakí (1981) found that increasing CuSoO additions to corn resulted in
not only greater assimilatÍon of cu but also of Mn in plant shoots.

However, Ilcl-aren and crawford (L913) demonstrated a relati_vely high

specific adsorption of Cu# on Mn oxídes, which could decrease the rate

of reduction of these oxides to more soluble r"In forms.

The application of MnSO* in combinatíon with CuSoO usually increased.

Cu concentrations in plant shoots above that obtained r,¡íth CuSOO alone

or MnSOO alone (Tab1e 21). Copper concentrations in planÈ shoots \¡/ere

increased with the addition of thís nutrient at all soil temperatures.

copper applications at 10 Kg culha were effective in increasing cu

concentrations in plant shoots from levels that were inadequate to levels
that \^/ere in the sufficiency range (McAndrewlgg0) , thus alleviati_ng

the Cu deficiencies.

Barley shoots grown at a soil temperature oÍ 25oc contained
sígniflcantly less çopPer than barley shooÈs gro\^rn at a soil temperature

of 10oc, when similar nutrient applications rdere made. The copper

concentrations of the plants grovTn at 15oC and 20oC

were intermediate between those reported for the high and low temperature

regimes. A similar observation \^ras reportecl for Ehe barley gro¡rlr in the

previous study, where decreasesin Cu concent.ratíons in plant shoots

T¡/ere associated wj-th increasesin soil temperature. Decreases in
cu concentrations in barley shoots r,/ith increasing soil temperature r^7ere

not related to increases in yíeld obtained for plants harvested at the

boot stage.
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TabLe 2I. Copper concentratíons in barley shoots at the early boot stage as
affected by the addition of Cu and l"In and soil temperature.

========= :===========______

Treatment
looc z5o c

ßele).---------fge /-s)-------- \yelÐ Gele

_ Soil Temperature
l5oc 'zoÓc

NPKS (r)

(1) + Cu

(1) + Mn

(1)+Cu*Mn

2.2 a

3.9 b

2.L a

4.8 c

1.7 a A B

3.3 b A B

1.3 a A B

3.3 b A

1.5 a A

2.6bA

1.8 a A B

3.4 c A

1.3 a A

2.8 b A

1.1 a A

3.5 c A

Duncanrs Multiple Range Test: Values followed by the same letter are notsignificantly dífferent at t]ne 5"Á level. The srnall letters were used. for
comparisons among f.ertL1,i,zer treatments at a particular Ëemperature
whereas the capítal letters \¡/ere used for comparisons among temperaturefor a particular fertílizer treaxment.

Zinc concentrations in the barley plants \n/ere at adequate levels aË

a1l temperatures and for all Lreatments (Jones Lg72). Zi¡¡e concentrations

in barley shoots were lower wi-th NpKS plus cu than with NpKS t.he

differences beíng significant ar 15 and 25oc (Tabre 22). Manganese

fertiTizer applications had no obvious effects on zÍnc conceritratíons

ín the barley plants. Iron concentrations in barley were significantly
lower with the addition of CuSoO at the three higher soil temperatures

(Table 23). A similar effect was noted in the fíeld studíes for r¿heat

grol^7n at both Stead and Marchand. The effect of manganese applications

on Fe concentrations in barley shoots were variable. The addítion of

both cu and luln sígnÍficantly decreased Fe concentrations

aË 15oc. Decreases in iron concentraËions in barrey wíth

plus t'{:rwere also noted for plants grovrn at 2oo and 25oc

dif ferences r^7ere not significant . Zínc concentrations

highest when grovrn at 25oC.

in plants gro\,rn

added Cu

although the

in plants were
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the early booL stage as affected
Eemperature.

Treatment
looc

(uele)
15oc

(ue/e)

trtt t;ä'gerarure

(ue/e)
25o c

(ugle)

NPKS (1)

(r) + Cu

(r) + Mn

(f)+Cu*t"In

27

79

27

20

A

A

BC

A

24

18

2I

2L

J4

24

33

31

DD

DD

C

bB

b

b

A

A

A

A

25aA

19aA

25 a AB

lBaA
:k
Duncan's Multiple Range Test: Values followed by the same letter are notsignificantly differenË at lhe 5% level. The small letters were used forcomparisons among f.ertil-izer treatments at a particular temperature
whereas the capital letters \Árere used for comparisons among temperaturefor a particular fertilizer tlea:ument.

Table 23' rron concentrations in barley at the early boot stage as affectedby the addiÈion of cu and l4n and soir remperature.
==============:===================== ===================:=:========:
Treatment

looc
("e/e)

15oc
(ue/e)

Soil Temperature
zoÒc 25oc(ue/Ð ("e/e)

NPKS (1)

(1) + Cu

(l) + Mn

(1)+Cu*I4n

42

36

4L

42

AB

A

A

DD

50

40

40

38

47

36

42

42

AB

A

40

JJ

39

36

A

A

A

b

bB

éö

aA

^^D4åÐ

abA

abB

a

ab

ab

Duncanrs Multiple Range Test: Values followed by the same letter are notsígnifícantly different at the 5"A Level. The small letters were used forcomparísons among f.erxi-l-Lzer treatments at a particular temperature
rvhereas the capital letters vüere used for comparisons among temperaturefor a particular fertilizer l_Teat-menË.
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Total l4n uptake by barley at the early boot stage \^/as largely

unaffected by Cu andfor ìrm additions, except for plants treated wíth

Mn and groT¡ln at a soil temperature of t5oC (rable 24). Total Mn uptake

by barley was sígnificantly íncreased by l4n application when grown at a

soil temperature of 15oC. The total llr uptake by barley increased with

increases in soil temperature for all treatments.

TabTe 24. Total }fn uptake by barley at the early boot stage as affected

==ll=:1i1:t:::=::=::=:i:=i=:::=::11=::i:::::lri::====
Treatment

looc
(uglpot)

Soí1 Temoerature
15oc 2ooc

(uelpot) (uglpot)
z5o c

( uelpot)

NPKS (1)

(1) + Cu

(1) + Mrr

(1)+Cu*l"ll

;"-2LOa A

L65a A

23Ba A

2I2a A

292aA

2BBaB

3B2bA

333ab

356a8

340aC

465 aB

365a8

610aC

420 aD

687 aC

531aC

DD

B

t*D.rrr."rrts 
Multiple Range Test: Values followed by the same letter are not

sígnificantly different at the 52 Level. The small letters were used for
comparisons among fertiLizer treatments at a particular temperature
whereas the capital letters rrere used for comparísons among temperature
f.or a particular fertilizer t:reatment.

Total Cu uptake by barley at the early boot stage increased with the

addÍtion of CuSOO, Copper uptake froin CuSOO r¡as enhanced ùhen.CuSOO was also

applied (Table 25). In contrast to results obtained for lln, the amount

of Cu assímilated by the plants decreased with increasing soil temperature.

The influence of temperature was most pronounced when cuSO4 \,/as not

applied. The effect of temperature on Iftr uptake was also the most

Pronounced for this treatment. These results suggest that an ínteraction
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Table 25. Total Cu uptake by barley at the early boot stage as affected

==::=:::l:l::=::=::=:::=ï=:::=::11=::=:===::===========:=======
Treatment Soil Temperature

looc t5oc 2ooc 25o c

----f ye/ee!I -------(ge/egl)-_-----f gei egl).-_-____ _f gclpgg).

NPKS (1)

(l) + Cu

(r) + Mn

(1)+Cu*l,In

27a

49b

24a

6Lc

20 aB

48bB

20aA

48bA

16aAB

35bAB

25 aB

41 bA

L4aA

32b A,

L2aA

43cA

*o.rrr""rrrs Multiple Range Test: values followed by the same leÈter are riot
significantly different at tlne 5% level. The sma11 letters r,vere used for
comparisons among fertilizer treatments at a particular temperature
whereas the capítal letters vüere used for comparisons among temperature
f.or a partícular fertilizer tTeaEment.
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between Ëhese tv¡o mj-cronutrients T¡/as operatíng whích ultimately

influenced theír assimílation in planËs. It is noË clear if these

interactions occurred in the soi1, affecting their relative avail-

abilíties, or occurred in the p1ant, affecting their uptake andf ot

translocation to plant tops. The neÈ effect \^ras an antagonistic effect

of Cu on Mn accumulatÍon in aerial plant parts and a synergístic effect

of I4n on copper uptake.

Soil temperaÈure had a very pronounced and interesting effect on

I'fn uptake by wheat and barley. It is possíble that the increases in

I'ln uptake v/ere a resulL of íncreased plant respíration (rooL respiration)

at the higher temperatures. Maas et al. (f968) showed that manganese

uptake was metabolically mediated in six-day old barley seedlings. Thus,

it could be concluded that the influx of Mn into the plant vüas temperature

dependent and was responsíble for the results obtained. Page and Dainty

(1964), however, reported a lack of metabolic regulation in the uptake of

I4n by four-week old oat seedlíngs.

It is also possible that increased root gro\,rth at the higher

temperatures may have been responsible for the higher iuln uptake at the

higher temperatures. Fulton (f968) reported that maxium root growth

and grain and straw yields of oats occurred at soil and air temperatures

of 13oC. In this st.udy barley and wheat yields at the boot stage r¡rere

greatesE when these plants \¡iere gro\.{n at about 15oC. Inloodbury (L982)

stated that the optimum temperature for root gror^ith of cereals \,'ras near

I2oC. Also, ín the study reported in this manuscript, the differences

in root soil contact at the various temperatures \.ùas expected to be smal1
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as a límited volume of soil- was used. Since differences in root growth

in this study \,/ere most likely small and root growth rates are at a

maxium at about 15oC, differences in root grorüth were most likely not

responsible for differences in Mn uptake over the temperature range

s tudied.

The greater Mn values reported at the hígher soil temperatures may

have been due to an increase in the supply of soluble Mn in the soil

solutíon. Halstead and Barber (f968) indicated that the diffusion of

Mn from the soil to the root \,/as the dominant feature goveïnÍng plant

uptake. cox and Ghazalea (1981) studied relative growth rates and

manganese accumulation rates in soybeans and obtaíned results which

supported the observations noted by Halstead and Barber (1968). cox

and Ghazalea (1981) varied both soil and air temperatures and reported

a slight decrease Ín Mn concentratíons in leaves with íncreasing

temperatures. However, increasing the lvln concentratíon of the solution

resulted in greater leaf Mn tissue contents. Thís suggested that I4n

uptake by plants was dependent on the supply of Mn in the soil solution.

However, ín the study reported ín this manuscript, increasing the

concentratíon of soluble Mn by the addítÍon of MnSOO had líttle effect

on Mn concentrations ín plant shoots. However, it is possible the applíed

lvlr was fixed by the soil into plant unavailable forms.

The increases in l'{ir uptake with increases in soil temperature could have

been due to qne or all of the factors noted above. The studies reported

ín this manuscri-pt and those in the lÍterature did not provide sufficient
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information to determine which of the factors discussed above, íf any,

ú/ere responsible for the increases in l"ln uptake with increases in soil

temperature.

(4) Summary

Increasing soil temperature from l0 to 25oC íncreased Mn concentrations

in barley shoots. The application of f.ertíLízer I4nSOO díd not íncrease

Mn concentrations in plant shoots. The application of CuSOO decreased

the assimilaËion of Mn from MnSOO by barley at the 25oC soil temperature.

The additíon of CuSOO increased Cu tissue concentrations at all

Eemperatures. The addition of MnSOO enhanced the uptake of Cu by barley

signíficantly at all temperatures except at 15oC.

Optimum yields, as ín the previous study, \¡/ere obtained at a soil

temperature of 15oC with the exception of the major nuÈrient only

Ëreatment.
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D. Study fV - The effect of soil temperature on amounts of l"In

extracted from soils by DTPA and NH494g.

(f) IntroductÍon

The reported íncreases in lvfn tissue concentrations with increasing

soil temperature ín the previous studies led to the initÍation of this

study. This study r^/as designed to determine if soil temperature

directly influenced the supply of Mn from the soíl. Chemical extractions

of soí1 samples were conducted at the lemperaLures previously employed.

Two extractants , DTPA and NHOOAc, \¡/ere used to study the chemical

availability of manganese in organic soils. The effects of method of

sample handling prior to extraction was also investígated.

(2) Experimental Methods

Experiment I. Effect of incubation temperature and extraction temperature

on amounts of Mn extracted from soils.

Two soils, one from the Marchand experimental síte and one from the

Stead experímental site, vüere studied. The equÍvalent to five grams of

air-dried soil was placed in a 40,0m1 t-ube. The glass tubes were

sealed tightly and placed into temperature controlled waÈer baths

set at rotroc, l5ttoc, 2o11oc anð, 25!2oc. T\4io sets of soil from rhe

Stead site were incubated. One set of soils was air-dried ¡¿hereas a

second set \^ras not air-dried prior to incubation. The soil from

Marchand was air-dried príor to íncubation. The soils were maintained

at field capacÍty moisture content duríng incubation. All treatments

were replícated three times. After a 14 day íncubation period the

samples were extracted with 20.0 m1 of 0.005 M DTPA (extracting solution
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\^/as 0.005 M \^rith respect to diethylenetriaminepentaacetic acid, 0.1 If

wíth respect to ca cr, adjusred ro pH 7.3) andfor 1.0 M NHooAc ar rhe

respective incubation temperatures. Samples r{ere extracted for two

hours using a rotary shaker submerged ín the r.^rater baths. The suspensions

\^rere then filtered through l^Ihatman ln42 fíIter paper and the lf:r concen-

Ëration of the fÍltraEe was determined by aspirating a portion of the

liquid into a Perkin-Elymer tulodel 560 Atomic Absorptíon Spectrophotometer.

A second set of extractions rr-as conducted which íncluded the

sample pre-treatments as previously outlined above. However in Ehis

experiment the samples \n/ere not íncubated prior to extraction. The

samples were taken after storage at room temperature and extracted at

10, 15, 20 and 25oC.

Experiment fI. Effect of extraction temperature on amounts of lufn, Fe

and Zn extracted from soi1s.

Fíve grams of air-dried soil (from the Stead location)$iere wstlsd

to 75% of field capacity, placed into L25 erlenmeyer fl.asks, andextfaÇted immediately

wíth the extracting solutions as descríbed for Study I. Howeverrin thÍs

study 30.0 ml of the extracting solutionv/eÏe added. The samples r¡/ere

exrracred at toto?s c, rsio?s c, zoio.5oc and zsJo?s c. All rrearmenrs

were duplicated. Extraction procedures used r¡/ere as previously described.

The DTPA filtrates were analyzed for concentrations of t'{n, Fe and Zn

whereas the NHOOAc filtrates 'vüere anaLyzed for only concentration of }fn.
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(3) Results and Discussíon

Experiment I. Effect of incubation temperature and extraction temperature

on amounts of l"ln extracted from soils.

Amounts of manganese extracted íncreased with soil temperature for

borh soils and both methods of extraction (Table 26). Amounts of }fn

extracted íncreased very markedly with extractíon temperature at temper-

atures of 10oC to 20oC. Except for the DTPA extractions on the Stead

soilrwhich was air-drÍed pri-or to incubatíon, increasing the temperature

from 20oc xo 25oc did not increase amounts of l4:r extracted. sample

handling pri-or to incubation also af f ected amounts of lufr extracted.

DTPA extracted greater amounts of l4n from samples maintained aË fiel-d moisture

level than for samples air-dried prÍor to incubation, particularly when

the extractions were conducted at low soil temperatures. Ammonium

acetate extracted more Mn than DTpA at 10, 15 and 20oc but not at z5oc.

Tabre 26. Extractable manganese (ug/g) after a tr¡ro-\ireek incubation

==:::ï:=::=::::=:::i:::::=::::::::::::
Temperature Stead

Air Dried
Stead
Moist
DTPA

L9a

28b

29b

30b

Marchand
Air Dríed

S tead
Air Dried

-NHOOAc-

11 a

18ab

20b

20b

tooc

15oc

2oo c

25o c

Duncans's Multiple Range Test: Values followed by the same letter are not
significantly dífferent at the 57" Level. Separate analysis was conducted
on each extraction treatment.

6.5 a

9.5 a

L6b

25c

44a

60b

tob

65b



OJ

Amounts of Mn extracted from soils at the various temperatures but

r¡ithout pre-incubatíon at the various temperatures also increased as

temperature of extractíon vlas Íncreased (Table 27) . Amounts of }tn

extracted increased with extraction temperature for both methods of

extraction, for both soils and for all methods of pre-treatment. Amounts

lessof I4n extracted wíthout pre-incubation prior to analysís was much

than for samples that were incubated prior Èo extraction. It is

possible that microbial activity during incubation may have caused

reducing condítions which may have increased the solubility of soil Mn.

In contrast to the results obtained for soíls which were íncubated prior

to exEractÍon, l{HOOAc extracted less },In than DTPA.

TabLe 27. Extractable manganese (ug/g) of two organic soíls.
===:=====

Temperature
of

Extraction

Stead
Air Dried

Marchand
Air Dried

S tead
Air Dried

-NHO0Ac-

Stead
I'foist

+TPA

looc

15oc

2oo c

25o c

4.9 ab

6.4 b

6.3 b

13.9 c

)o

4.5

7.8

9.1

ab

ab

bb

b

2A

3.5

4.2

10. 5

1. 0

9

2

5

a

a

b

1.

1.

Duncanr s Multiple
not signíficantly
conducted on each

Range Test: Values followed
different at the 5% IeveL.

extraction treatment,

by the same letter are
Separate analysis was
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Experíment rr. Effect of extraction temperature on amounts of Mn, Fe

arrd Zn extracted from soils.

The amounts of Fe and zn exL-racted increased with increasing

temperature of extraction (Tab1e 28). However, Fe and zn avaiLability

as measured by barley or wheat uptake in the growth chamber, indicated

there was little or no relationship between soil- temperature and Fe or

Zn concentrations in plant shoots. The data presented shows that amounts

of mÍcronutrients extracted from organic soils by DTpA or other

extractants r'ù..e-Ee affected by extraction temperature. Generally amounts

extracted increased with soil temperature which suggests that soil

temperature modífies the capacÍty factor of a partícular nutríent in

the soil. The capacity factor, Èhe abilíty of the soil to replenish

ions, beíng a rate reaction would be expected to increasewiËhincreasing
temperature .

Table 28. Influence of extraction temperature on extractable I'In, Zn and.

===========::=::=:l:1-:::_:l::::'*'e 
lfn bv NHooAc

=======--
Temperature

of
Extraction

Zn
Ge/e)

DTPA
Fe

(ue/e)
Ikr

(ue/e)

NH, OAC
1!'Mn

Ge/e)

looc

15oc

2oo c

25o c

JÁ

4.8 a

6.3 a b

8.1 c

7.L b

OJ

LO7

16B

187

28a

42b

60c

68c

10a

11 a

15b

17b

Duncanr s Multiple
not signifícantly

Range Test:
different at

Values follov¡ed
tLre 5"/" level.

by the same letËer are
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rn general both extraction studies and the Íncubation study

indícated that the extractable Il¡ in organic soils increased wíth

increasing soil temperature. The increases in DTPA and NHOOAc extractable

l4n closely reflected the increases in Mn content of plants with increasing

temperature. Thus, the greater assímilatÍon of manganese by plants at

the higher soíl temperatures T¡ras most likely due to increases in the

availabilÍty of Mn from these soi1s.

(4) Summary

For all methods of extraction, for both soÍls and for both extracting

solutions' greater amounts of lto \,,/ere extracted at the higher temperatures.

The close relationship between the Íncreases ín extractable l,fn levefs

with those found in barley and wheat shoots with increasing temperature

indícate that a greater release of l4n from the soil-solid-phase into soil
solution lúas operatÍng as temperature rras increased,.
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on the lfn

uptake by barley.

(1) Introduction

Manganese status of plants is usuall-y enhanced under soíl conditions

of limited aeration. Aeration of soils is dependent upon factors such as

\,/aLer content and microbial activity. Thus, ít was postulated that

variations Ín the v¡ater content of organic soíls may also affect }tn

uptake by plants. Increasing water content would increase concentration

of the reduced form of manganese, Mt#, vrhich is readil-y available for

plant utilization. To test this hypothesís, four soil moÍsture regimes,

75,100, 150 and 2007" of fíeld moisture content were imposed on barley

grourl in the growth chamber. Soil aeration status \¡/as measured for

each water regÍme by use of electrod.es sensitÍve to oxygen concentrations

in the soil. The influence of aeratÍon on Mn availabílity was measured

by growing barley and measuríng Mn uptake.

(2) Experimental Methods

Three hundred and fifty grams of aír-dried soil from the stead

experimental síte treated wíth rhe equivalent of 185 Kg N/ha as NHoNOa,

130 Kg PrOr/ha as NHOHTpOO: 200 Kg KZOIh^ as K'SOO and 40 Kg Culha as

cuso, were placed into each pot. Amounts of all fertLLt-zers r¡/ere4'
calculated on an area basís. The NHoHrPoo supplied an addítional

30 Kg N/ha. The Krsoo and cusoo supplied rhe equivalenr ro loo Kg s/ha.

All fertilizers (technícal grade chemicals dissolved in deionÍzed water)

\¡/ere sprayed onto the soíl and well mixed. The treated soils r¡ere

placed in clean plastíc bags and placed into the (ll cm dia x 35 cm)
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cylindrical pots. The pots \.^/ere placed on growth benches wiÈh day/night

temperatures of r3/2Loc and a day lengt]n of 17 hours. Three barley

plants \Árere grolürr per poË. All pots v¡ere replícated three times.

During the first two weeks after emergence of the barley the poÈs

rvere maintaÍned between 75'/" and I0O"/" of field capacíty moisture content.

During the remainder of the growth period plants v/ere gro\¡m at either

75,100, 150 or 200% of field moisrure capaciry. oxygen diffusion rates

r¡7ere measured every second day after the water regimes were imposed.

Measurements \.rere made by measuríng the electrical potential generated

between a platinum microelectrode. Five readings were taken at l0 cm

and at 20 cm depths for each pot.

The total above ground plant was harvested 42 days after emergence

when plants were ín the early heading stage. The Mn concentrations in the

plant shools \.üere then deLermíned.

(3) Results and Díscussion

The data obtained for the oxygen diffusion rates (o.D.R.) was not

included in this manuscript. The variabílity among readings obtaíned at

the same depth for a partícular \^rater regíme r^/as extremely large and

dífferences among treatments, Íf they existed, could not be clearly

defined. similar difficulties were encounteïed by Black (196g) who

considered ODR values of no meaníng r¿hen measurements were made on

waterlogged soils. since the moisture regimes employed in this study

rvere within the saturated to ïtaterlogged range, it is not surprising Ëhat

meaningful measurements \Á/ere not obtained.
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BarLey yields were affecled by soil water content (Table 29). The

dry matter yields were signíficantly higher at vrater contents of l00Z and

1507" of F.C. than at \¡/ater contents of 757" or 2007. of F.C. Yíe1d of

barley obtained at the 757. moisture level uias greater than yields of

barley obtained at the 2007. of moisture level. Optimum yields would be

expected at moisture levels of 1007. to I5O% of fíeld capacíty, as these

levels would represent nearly ideal soil-moisture levels for plant grovrth.

TabLe 29. Influence of soil-moisture content on yield and Mn, Fe, Zn

===========:::=::=:::::::=::=:::i:t=::=:::=:::1L::::==331====
I^later

Treatment
% of F.C.

Dry Matter
Yield

( g/pot)
I{n Fe

(ue/e) (usle)
Zn

(ue/e)
Cu

(ue/e)

75

r00

150

200

6.r9 b

8.59 c

9.03 c

4.82 a

100 a

96a

88a

140 b

56b

57b

48a

44a

27b

24 ab

26b

20a

6.8 a

7.3 a

11 b

10b

Duncanrs lfultiple Range Test: Values followed by the same letter are not
significantly dífferent at the 5% LeveL.

Manganese concentrations in barley shoots were unaffected by soil

i,/ater content, except at the híghest r,^rater regime (Table 29). Total I'la

uptake per pot was sígnifícantly higher for plants gror^in at 1007" of F.C.

than for plants gror¡rn at 75"/" of fíeld capacity (Table 30). Manganese

uptake by plants gror,ùrl at 100, 150 and 200% of F.C. were similar.

Iron concentratíons in barley shoots were decreased by increasíng

the water content to 150 and 200% of F. C. Zinc concentrations in barley

shoots decreased when soil'water content was increased to 2007" of. F.C.
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Table 30. Influence of soil-r¡oísture content on the Ëota1 lvln, Fe, Zn

===========:::=::=::::î=:I=:::1:r=::=:i:=:::11=::::=:ll!!=====

Treatment
Z of F.C.

Iftr
(mglpot)

Fe
(mg/pot)

Zn
(mglpot)

Cu
(melpot)

75

100

150

200

6l'4 a

836 b

79I a

676 a

344 ab

393 b

430 b

ZLl a

168 b

207 c

216 c

97a

42a

63b

96c

50a

b

b

Duncanf s Multíple
not significantly

Range Test: Values
different at Lhe 5%

followed by the same letter are
level.

In contrast, Cu concentrations in barley

i,'/ater conËents were increased to 150 and

decreased in the order, 150) 100":200 =

shoots increased when soí1

200% of F.C. Copper uptake

75"/. of F.C. r¡aLer treatments

Total Fe uptake by barley was

treatment. Similarly, the total Zn

content. These findíngs would be a

production of barley ar t]ne 200% E.

10wer at the 200% of F.C. waËer

uptake was also lower at thís \^rater

consequence of the lower dry matter

C. water treatment.

(4) Summary

It was postulated that soil water content, particularly \,/ater contents

above field capacity, would influence Mn uptake. However, soil water

content had very líttle dírect effect on l'4¡n concentrations and uptake in

barley shoots. rncreasing water contents of soils from 75 to l00Z of

fíeld capacity had a slight positíve affect on Mn uptake. Manganese

uptake by barley shoots at very high water levels were similar to that

at 757" of field capacity. The reducíng conditions imposed by waterlogging

an organÍc soil, did not appear to influence Mn availability.
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V. SIN{T'ÍARY AND CONCLUSIONS

Field studies were conducted to determine if Ehe seed yields of

rapeseed, wheat and barley, obtaíned on organíc soils in Manitoba,

could be improved by the use of Cu, lfn and B fertílizers. Major

emphasís was placed on the effects of manganese ferti1ízer on yield

and chemical composition. Various methods of manganese fertil_i-zer

application vüere also studied. The field experiments \^/ere located

near Píney, Marchand and St.ead.

The rapeseed at al1 locations was destroyed by a late spring

frost. Inlheat grain yields were increased by copper fertiLízatíon at

Piney and Stead. Applications of boron andfor manganese had 1íttle

or no effect on wheat grain yields. Yields of wheat \^rere generally

higher in l9B0 than in prevÍous years at the same locations. This ¡,¡as

attributed to the higher early spring temperatures in 1980.

Barley grain yields were increased by copper and boron fertilizaËion

at stead. Manganese, copper and boron fertilizers had littte or no

effect on barley grain yields at Piney and }larchand.

Straw yields for both wheat and barley \4rere variable and r¿ere not

related to mÍcronutríent f.ertiLization.

Banding manganese sulphate v¡ith the seed of barley and wheat was

generally very effective in increasing manganese shoot concentraLíons
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Broadcast manganese applicatÍons \,{ere about one-half as effective as

with-seed applications in increasíng tuln shoot concentrations, except

for barley growrl at Marchand where broadcast Mn was very ineffective.

Foliar applicatíons appeared to be very ineffective in increasing l"In

concentrations in plant shoots.

A sígníficant feature of the results obtained in 1980 and in

previous years was the extreme year to year variability in shoot

concentrations of manganese and other minor elements even though the

experi-mental siËes were situated at the same locations. yields of

croPs also varíed greatly from year to year. The varÍatíons in nutrient

uptake and yield r^Iere most likely a result of year to year varÍations
j'n weather, partícularly weather affecting air and soil temperatures.

The results obtained in the field study led to the initiatíon

of an environmental growth chamber study to determine íf the assimilation

of Mn and other nutrients by wheat and barley \¡/ere related to soil

temperature. Four soil temperatures 10, 15, 20 and 25oC were

investigated. The aerial portions of wheat and barley were harvested

at t\^ro stages of development and yield and chemical composition of the

shoots determined.

Optimum yields at the three to four leaf stage for v/heat and barley

were obtained at 25oc soil temperature. This was attributed to the

delayed emergence and slor,rer growth rate of the plants gro\Àrrr at the

loruer soil temperatures. Yields of both wheat and barley, ax the boot

sËage (when plants reached the same morphological and physiological

d.evelopment) were greatest at a soil temperature of 15oC.
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The l'In shoot concentrations of both wheat and barley increased

two-fold when the soil temperature was increased from 10 to 20oc for
both harvest dates. rncreasing soil temperatures above 20oc had a

slight positive effect on wheat shoot Mn concentrations, while

increasing the soil temperature ín thÍs range resulted ín a decrease

in barley shoot luln concentrations. Interesting features of the results
obtaíned in this study were the low lln shoot concentraËions i-n barley
grovin aE the 10oC soil temperature and the low Cu shooL concentrations

for both crops at all soil temperaLures.

A similar study was conducted to determine the influence of soil
temperature on the assimilation of fertilízer cw and r,{n by barley.

Barley rras gror¡n with and without Cu and./or }ln at the same four soil
temperatures. Barley yields, obtained at the boot stage, \.fere highest

at a soil Ëemperature of 15oc. The addition of Mnso4 íncreased

vegetative yields of barley at this stage compared to barley grown

without micronutrient fertíIi-,zaLíon Copper and.for manganese add.ítions

had little effect on the dry matter yields of barley at all other

soil Ëemperatures.

The addition of MnSOO increased shoot ltr concentratíons of barley

at the three to four leaf stage when groi¡rn at soil temperatures of 15

and 2ooc. rncreased shoot Mn concentrations at the boot stage of

barley was only evidenË at the 25oc soil temperature. rn contrast to

the previous study, shoot I4n concentraËions were Íncreased when soil

temperatures rdere increased from 20 xo 25oC i-n thís sËudy.
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The addítion of CuS0O increased shoot Cu concentrations of barley

at aLI soil temperatures. The additions of l4n and Cu indicated that

an ínteraction existedbetween these nutrients. The addition of cu

along with Mn generally suppressed l"In assimilatíon by barley, whí1e

the addítion of Mn enhanced the uptake of Cu.

soil extraction studies were undertaken to investígate the

possíbility that an increase ín the supply of manganese from the soil

\^/as resPonsible for the noted increase in plant shoot ll¡r concentrations

with increases in soil temperature. Incubated. and non-incubated organic

soils v/ere extracted \,üith either 0.005 M DTpA or l N NHooAc. rn all

extraction studies greater amounts of Mn \^/ere extracted when extraction

temperatures were increased from 10 to 20oC.

The increases in extractable Mn values wíth increasingincubation temperature

closely paralleled the effect of soil Ëemperatures in lutn concentrations

in wheat and barley shoots. The Íncreases in shoot l,In concentrations

was therefore probably due to an increase in the release of Mn from

the soil-solid-phase into the soil solution. The results obtained

suggest that the yearly varÍations in shoot Mn concentratíons of crops

grown on organic soils \,üas mosL tikely due to variatíons in soil

temperaEure .

Since the lftr status of plants has been shown to vary with vari-ations

soil aeration, studies were also conducËed Lo determine the effects

soil r^rater content on luÍ: contenl and uptake by barley shoots,

1n

of
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Four soil moisture regimes !/ere imposed on an organic soil to

investigate the influence of water content on the micronutrÍent status

of barley at the boot stage. I'feasurements of the oxygen d,iffusion

rates were also obtained, ,or..r.r readíngs obtained for oxygen diffusíon

rates \,/ere extremely variable and were of no or little value in

assessing the aeration status of wet or \riaterlogged organic soils.

Barley dry matter yields at the boot stage \¡/ere greatest for plants

grorrn at 100 and L5O% of F C . The lln shoot concentrations \,,/ere greatest

at 200% of F C . I{owever total }4n uptake T/üas not dif f erent at \^iater

contents greater tlnan 752 of field capacit.y.

Copper shoot concenËrations and total uptakes were greater at the

higher moisture regimes. It is possible these observations were the

result of the influence of \^/ater content on the availability of the

applied CuS0,.
.+

The studies reported in thís manuscrípt, as well as those reported

by other workers, showed that organic soils in Manitoba may not supply

sufficient quantíties of cu, IvIn and perhaps B for optimal growth of

agricultural crops. The studies reported here also showed that soil

temperatures played a dominant role in governing the Mn supply to plants.

Mn concentrations in r¿heat and barley shoots increased \nrith increases

in soil temperature. rt is Eherefore possible that increasíng soil

temperature , through improved soil drainage, may greatly enhance l"In

uptake and yíeld.
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VI. APPENDIX

l4ean summer and maxium temperatures of tlvo organic soÍls to a
depth of 150 cm near I^Ihitemouth, llanitoba.

Locatíon Depth Mean Summer Maxium

Meadow

Fores t

o(

s.0

10. 0

20.0

50. 0

100. 0

150.0

2.5

5.0

10. 0

20.0

50. 0

100. 0

150.0

20.r

77 .9

13. 3

9.3

5.8

3.8

a1

r9. 5

18.0

16. 3

r3. 9

11. 9

8.7

6.6

2r.6

19. 3

14 .5

10. B

7.8

6.2

4.9

20.0

19. 3

L7 .6

15.5

r3. 8

11. 3

o/,

:rKrpan 1982.
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