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ABSTRACT

Field erq>eriments were carried out for two

years on organic soils to determine if certain micro-

nut,rients were in sufficient supply for field and

vegetable crop production, Micronutrient elements

under study were manganese, boron, copper and zinc.

Application of copper alone or in combinaËion with other

micronutrients resulted in a significant respoRse in
yield of carrots, onion and wheat crops.

Application of 0.5 pounds of copper per acre

at one location produced yields as high as those where

higher rates of copper r{ere used. Copper rates for
opËimun crop yield were not studied at other locatíons.

In a greenhouse er<peri¡nent, using spinach as

a Ëest crop, a significant yield increase due to copper

fertilization was obtaÍned on three of the nine organic

soils studied.

lftre application of 200 pounds per acre of sodium

chloride gave a significant yield increase to sugar beets

and appeared to have a beneficiat effect on frost, tolerance.

PoÈassium applied at a rate of 50 pounds per

acre to wheat significantly reduced yields.



TABTE OF CONTENTS

Page

INSRODUCTION . 1

REVIEVü OF TTTERATURE . 3

Boron . 3

Copper..,....4
Zinc I

Manganese.......9
Sodium...Il

Chlorine L2

MATERTALS AI{D METTIODS . . L4

RESULTS A}üÐ DISCUSSION 23

SUMiqARY . 42

BTBTIOGRAPTTY . 44

APPENDIX.. . 50



LIST OF TABIES

Table Page

I THE CODING SYSTEM USED TN E'(PERTMENT VI
FOR TTÍE ORGANIC SOTIS SA¡4PLÐ AT NINE
DIFFERENT SITES. 2L

TI SOME CHARACTERTSTICS OF TTTE PEAT SOILS
(O - 6I¡) EMPLOYED IN THE GREEATHOUSE
E)(PE¡ITMENT. Ð(PERIMENT VI . 22

TTI THE EFFECT OF MTCRONUTRTENTS, APPLIED
ATONE A}TD IN COMBTNATION ON TÍIE YIEI,D OF
CARROTS AT \ÆVIAN IN 1963 . 23

IV EFFECT OF MICRONUTRTENTS, APPLIED AT.ONE
AT{TD IN COMBTNATION, ON TÉTE YTEIÐ OF ONIONS
ATTD ONION BULB SKIN COT,OR AT \rTVIAN IN
1963 25

V THE EFFECT OF THE MICRONUTRTENTS COPPER,
IqIANGA\IESE, BORON Ar{Ð ZINC ALONE A}ID rN
COMBINATION ON 1TTE YIETD OF CARROTS AT
\rJVIAN TN 1964.

VI TTIE EFFECT OF NaCl ATIID TTTE MICRONUTRTENTS
coPPER, BORON, ZINC AIID MANGAùTESE ALONE AND
TN COMBINATION ON TETE YTELD OF SUGAR BEET
ROOTS AT{TÐ PERCENT SUGAR.

VII TTTE EFFECT OF SIX RATES OF COPPER ON TT{E
YIET,Ð OF CARROTS AT \ÆVIADT IN 1964.

VIII TEIE EFFECT OF COppER, IqANGAT{ESE, ZINC
AND BORON ON TTTE YIET,D OF VüHEAT IN BUSHETJS/
ACRE, VüIÍtI AND I^IITHOUT POTASSIUM AT STEAD
rN 1964.

TX THE EFFECT OF ZINC AT TVfO T,EVETS OF
IVTANGAITESE A¡TD MANGANESE AT TWO I,EVELS OF
ZINC ON TTIE YIET,D OF VITIEAT AT STEAÐ TN
L964 _

X THE EFFECT OF ZTNC AT T9TO T,E\rETS OF
BORON ATÍD BORON AT TWO LEVELS OF ZINC ON
TTTE YTET-.D OF WTTEAT AT STEAÐ TN 1964. 38

)(I TrrE EFFECT OF o.75 POUìIDS/ACRE OF COppER
ON THE DRY VIEIGHT OF SPTNACH GROWN FOR SIX
WEEKS TN THE GREENHOUSE ON ORGATIIC SOILS
FROM NINE ÐTFFERENT LæATTONS. 4I

27

29

35

37

38



Appendix

I

TI

III

ÏV

VIÏ

\ÆII

IX

V

w

LIST OF APPE}üDTCES

Page

MONTHLY MEASI TEMPERATURES OF ATR AIilD
SOIT DURTNG TITE GROVTTNG SEASONS OF 1963

50AÀTD L964.

THE SOURCE ADTD PERCENTAGE OF MICRO-
NUTRTET$TS T'SED. 50

ANALYSIS OF VARTANCE FOR THE EFFECT OF
THE MTCRONUTRTENTS MANGAT{IESE, BORON AND
COPPER ATONE AÀTD TN COMBTNATION ON TIIE
YIELD OF CARROTS AT \ÆVTAIT IN 1963.

51EXPERIMEITT I.
AN AIIALYSTS OF VARIANCE FOR TIIE EFFECT
OF TTTE MICRONUTRTENTS MANGA¡TESE, COPPER
ANÐ ZINC AT,ONE AÀTD IN COMBTNATTON ON TTIE
YIET,Ð OF ONIONS AT VI\ÆAN TN 1963.
E)æERIMENT IT . 52

AÀÏALYSIS OF VART.AÀTCE EOR TTTE CORRELATION
BET9üEEN ONION YIELD (x) AND ONION BUI,B
SKI\T COLOR (y) DUE TO TrrE EFEECT OF THE
MICRONUSRIETVTS MANGAITESE, COppER AIIÐ
ZINC AT"ONE A$TÐ TN COMBTNATTON. 53

A}TATYSÏS OF VARTA}TCE FOR TITE EFFECT OF
TEÍE MICRONUTRIENTS BORON, COppER, ZINC
AND MANGAITESE AT"ONE A\ID TN COMBINATTON
ON TTIE YTEI,D OF CARROTS AT IrIVIAÀT TN 1964.
E¡(PERTMENT ITIa. 54

A¡ÏALYSIS OF VARTANCE FOR MTE EFFECT OF
NaCl ON SUGAR BEET YIELD AT \ÆVIAI\T IN
L964. E]æERIMMTT IIIb. 55

AT\T AI{ALYSTS OF VARTA}TCE OF TTIE EFFECT
OF VARTOUS R.AIES OF COPPER ON THE YTET,D
OF CARROTS AT VTVTAÀT IN 1964-
EXPE5I:TMENT IV. 56

ANAT,YSTS OF VARTANCE FOR TTTE EFFECT OF
MICRONUTRTENTS AI{D POTASSIUM ON TÍTE
YIEI;D OF VITTEAT AT SSEAD IN 1964.
EXPERTMETüI V. 57



Appendix

x

Page

ANALYSIS OF VARIA}TCE FOR THE COMBTNED
EFFECT OF MICRONUTRTENTS A}TÐ POTASSIUM
ON VSHEAT PROTEIN AT STEAD IN L964.
E)(PERTMENT V. 5 B

ANATYSIS OF VARTANCE FOR TITE EFFECT
OF MICRONUTRIENTS ON WHEAI PROTETN
AT STEAD IN 1964. EI(PERIMENT V. 58

XI



LIST OF FIGURES

Figure

I Resist,ance Èo frost damage of sugar
beets due to application of 2OO 1bs.
sodium chloride (right side) vs no
sodíum chloride {left side).
ExI). IIIb (Site I, L9641 .

Page

32



INTRODUCTTON

ManiËoba has 160 million acres of land of
which 37 million acres or approximately 23 percenÈ can

be arbitrarily classified as peat or organic soils (52).

Most of these soils occur ín the humid, wooded lowlands

of central and northern Manitoba. Peat consists of the

remains of a variety of plants that have accumulat,ed in
low, wet, poorly drained areas such as bogs, marshes or

swamps.

At the present time most of these soils are

unbroken bogs and a limit,ed acreage is used as sources of
low quality hay in dry seasons. Some areas are beÍng

utilized for the producËion of wheat,, oats, barley,

Íyê, timothy and cult,ivated hay and pasture. As a rule,
the quality and yield of graín produced on organic soils
in tr[anitoba are very poor. å,s a result of this, the

resale value of organic deposits is very }or^r, $5.00 t,o

$10.00 per acre. Ehis is j.n contrast to areas such as

the Bradford Marsh, the peat, deposits in litisconsin and

Michigan and the Florida Everglades. These deposits have

been developed to such an extent for horticultural crops

such as carrots, onions, mint, lettuce and celery that
their resale value is $30O.OO to g1,2OO.0O per acre

depending on the depth of the deposit. These premium
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prices are paid for organic deposits because of their
natural charact,eristícs which make them ídeal for
horticultural crops. Tlrey have a very high water

holding capacit,yr ârê very friabte and do not compact

as compared to míneral soils. Ithis makes them ideally
suit,ed for root crops and those requíríng a high amount

of water during the growing season.

Investigation of organic soils for crop pro-
duction is receivíng increasing attenËion in Canada.

Although Manitoba has some 25O,0OO acres (52) of
potential arable organic soils, information on their
chemical properties relating to nut,rient, supply is meagre.

Field e:cperiments were carried out at two different
locations to determine some of Èhe soÍIst chemical

properties. Prime considerat,ion was given to the micro-

nutrients to determine if they were in sufficient supply.
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IITERATURE

The mícronutrÍents copper, boron, zinc and

manganese are required in trace amounts by plant,s.

Etre majority of mineral soils are able to supply this
need buL in general organic soils have mícronutrient
deficiencies and response to theÍr applicat,ion have been

reported by many r,eorkers.

Boron

Dregne and powers (10) report that the avail-
ability of boron ín soils is influenced by soil reaction,
soil moisture, active calcirrm and organic matt,er.

Mulvihill and McGregor (39) showed ín a field study of
Minnesot,a soils, that boron avaílability is also strongly
influenced by colloid content,, texture and a good corre-
lation was obtained between boron and organic matter content.

Dib1e and Berger (9) working with alfalfa showed that boron

content, dropped in the tissue from 30 to 2O ppm as soil
moisture became limiting. According t,o Or¡el1ette and

tachance (,421 more boron is required in a heavy soil than

a sandy soil. Stínson (53) showed that, boron deficiency
occurs for alfalfa when the water soluble boron drops

below 0.5 ppm in heavy soils and 0.3 ppm in sandy soils.
Boron is ress available to plants at high pH although acid

OF
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soils have been shown to be deficient. Tfear and

Patterson (60) working with a range of soils found that

as pH was lowered from 7.4 Eo 5.2 boron content of plants

increased. ftrere was also a linear relationship between

boron content, of planËs and water soluble boron in the

soil. In the sarne study it was shown that boron content

of plants increased with coarser type soils. Mackay,

Langille and Chípman (36) working with a sphagnum peat,

soil deficÍent in boron, showed that borax should be

applied ínitially for all crops at from 10 t,o 5O pounds

per acre, the acËual rate depending upon the relative

requireunents of the species. The range ín application

which prevenËed deficiency without causing toxicity was

much less critj.cal for organic soils as compared to

inorEanic soils (36).

Copper

Ttre first credible evidence that copper was

an essential element in the nutrition of lower planÈs

$ras provided by Bortels in L927 (44). Confirmation of

his results were soon provided by other scientists.
The functions of copper in the plant are quit,e complex.

It is concentrated more in the rootlets of plants than

in leaves or other tissue (441 . Copper probably funct,Íons



c)-

as an enz]¡me activator or as an integral part of enzlzme

molecules involved in certain react,ions. Addition of
copper where deficient will increase carotene content,
of carrots and increase onion bulb skin color (g).

Nelson et aI (4O) working with a copper de_

ficient peaË soil tested several crops for order of
response to copper. crops showing a high response and

listed in order of decreasing response are wheaL, barley,
oatsr cofn¡ carrot,s, red beets, onions, spinach, alfarfa
and cabbage. Those showing a medium response Èo copper
are soybean, red clover, snap beans, potatoes and

tomatoes.

ceneral copper deficíency slzmptoms as delin_
eat'ed by ritrelson et al (40) are reduced growth, a change

in color to a grayish-freen, blue green or orive green,
die back of the leaves and shorËened internodes. T,\Iith

wheat, oats and barley when Ëhe plants reach 3 to 5

inches in height they may deverop a disease called nyelrow

típ"- The tips of the youngest reaves become chrorot,íc,
thi-n, twisted and shriverred. The prant,s may either die
or else survive to produce a few chaffy grains or none at
all- Grain production may be reduced more than the
vegeÈative growth (44) . îüith spinach the leaves becorne a
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dark olive green with the t,ips of the youngest leaves

becoming chlorotic. Onion tips tend to become necrotic (40).

Irighly significant increases in yield of several

copper-responsive crops growing on acid organic soils have

been obt,ained from the application of various rates of

copper. Davis and Lucas (8) make general recontmendations

for crops growing on deficient, I{ichigan organic soils.

apptication of 5 pounds of copper per acre for low re-

sponsive crops and IO for highly responsive crops are

suggested. Younts (63) in a field erqgeríment with wheat

on high organic and low organic soils found 2.5 pounds

per acre of copper resulted in either maxjmum or near

maximum yíelds. l{here soils r/úere acuLely deficient,

application at planting gave results superior to later

applicaËions. In addition, hê found the application of

manganese tended to increase the copper content wtrile

zinc tended to decrease the leve1 of copper in the plant.

On the other hand But,Ier (6) found that hÍgh rates of

rnanganese decreased copper uptake. Mackay et al (36)

found that on a very acid sphagnum peat soil, limed to pH

6.0, addition of sodium increased the availabitity of
copper and decreased zinc.

organic matter and pH play decisive roles in
copper availabitity. Broadbent and Ott (3) found that the
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amount of copper complexed by organic matter increased as

pH increased. Iñ s1ight,ly alkaline or slightly acid soil
solutions the percent of copper complexed is directly
proportional to the amount of organic matter but there is
no direct relationship between total copper complexed and

total organic carbon (56).

Apparently as soil pII is raised beyond a certain

level soluble copper ís precipitated as Cu(OH) 2. AIso,

increasing the pH of an organic soil results in more

complexing of copper by phenolic and carbo:<ylic groups.

Ttris view is supported by many workers (2, 37, 54, 62).

Lewís and Broadbent (32) postulated that copper may be

complexed by the acidic sites of the phenolic and/or

carborrylic Aroups of the organic matter fraction. The

form of the complexed ion is cu++ or cu0H+ depending on

the stereochemistry of the ligand. CuOH+ is thought to be

retained on the more acidic sites in preference to Cu++.

Tobia and Hanna (56) using a clay soil found that, the

concentration of organic carbon, from Morgants reagent

extracts, v¡as directly proportional to that of copper

complexed. Íhe complexing of copper aÈ that pII was due

to fulvíc acid. A high content of lime wíIl decrease the

availability of copper to plant,s in the soil. tt¡is view

has been support,ed by such workers as Byran (7'), young (62'),

Reuther and Snith (44'l .
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Regardless of the total amount, of copper present

in a soil, its copper supplying capacity varies widely
among different, soils; thus total copper is no more than

an inventory and does not indicat,e the amount, of copper

available t,o plants growing on that soil (tZ) . Although

analysis for total copper does not indicate whether a

copper deficiency witl occur, it does give some idea of
fhe risk of this occurring (35).

Johnson, Van Eck and Shepherd (25) of Michigan

reported that levers of copper in Missouri varied between

15 and 82 ppm; the mean values for low, medium and high

soj.l groups beíng 21, 33 and 54 ppm, respectively. Lundblad.,

svanberg and Ekman (35) reported 20 ppm as critical for
Sr¿edish peats.

Zínc

Although zinc deficiencies are not wíde spread,

several ínst,ances of deficiency symptoms in crops and

yield increases through zinc fert,ilization have been re-
ported

T.wo factors govern the ability of a soil to
provide enough zinc to a growing plant; the Ëotal supply

of zinc in Èhe soil and its availability to the plant (4gl.
At pH greater than 7.O, available supplies of zinc are
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depleted by the precipitating action of hydroxides.

phosphates and absorption of zinc to lime minerals (12).

As pH increases, zinc availability decreases. Brown and

Krantz (4) have shown that soils wiËh less than 0.55 ppm

dithizone extractable zinc respond t,o soil addiËions of
ZnSO4. Grunes, Boawn and Carlson (18) showed that corn

and potaËoes grovrn on a zinc deficient soil responded in
yield t,o applicat,ions of 15 to 3O pounds of zinc sulfate.
Ttreir study showed that hÍgh pH and the presence of lime

carbonate decreased zinc availability and Ëhat zinc cherates

applied as foliar sprays are as effective as soil applications.
Heavy applications of phosphate fert,ilizers, high organic

matter, liming and land levering have been known to cause

a zÍnc deficiency (271.

Manganese

Although the total fraction of manganese may be

adequate in a soil, the exchangeable and water soluble
form of manganese, Mn** ion, may be in short supply. flre
manganous ion is the only form available to Èhe plant (50).

The avaírability of manganese is influenced by the soir
pH, soil organic matter, moisture level, temperature and

biological activity. soil conditions associated with
manganese deficíency êrê: burned over areas, free marl or
limestone, alkaline springs, high content of alkaline
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mineral oxides such as li¡nonite and cold wet soils (g).

Leeper (28) suggested that manganese exist,s in the soil
in the water soluble form, exchangeable, available
manganic oxides and insoluble higher oxides of manganese

all of which are in equilibríum.

Iafain, Silk and rrTills (59) observed a rapid fixation
of added manganese to an unexchangeable form by neutral or

alkaline soils, As the pH is raised above 6, organic or
mineral soils may become deficient in avairable manganese

(L4, 15, 2Ol. Heintze and Mann (221 have suggested that
organic soils, netrtral or alkaline in react,ion, may hold

manganese complexed with organic matter. Mulder and

Gerretsen (38) reported that in the Netherlands, the leve1

of organic matter in soils wiÈh a pH of 6 or great,er, is
correlated with a manganese deficÍency. FtrjimoËo and

sherman (16) stated that in the presence of water, mangarrese

oxide and manganese dioxide form a hydrated complex Èhat ís
insoluble and upon drying the manganous oxide. is made

available for plant growth. !{itlis (6I) reported Ë,hat

manganese deficiency was most pronounced in wet seasons

and on wet soils. sanchez and Kamprath (49) stated that,

the addition of lime d.ecreased the amount of exchangeable

manganese. Leeper and swaby (28) reported that manganese

oxidizing microorganisms play an important role in the

a¡ount of available manganese.
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According to Mulder and Gerretsen (38) soils
with a pH of less than 5.5 may contain most of their
manganese in the water soluble and/or exchangeable form.

Increasing the pH of the soil favors the oxÍdation of
manganous (¡{¡n++) to the less available manganic oxides

(Mrr3* arrd Mn4+) (15). page (43) in a series of fietd
erq>eriments, found that the relationship of soil pH to
water soluble manganese hras incompatibte with the theory

that nonavailability of manganese is the result, of the

formation of insoluble higher oxides at high pH values.

liLre formatíon of complexes with organíc mat,Ëer in the

soil may account for the observed rerationship of manganese

and pH.

Deficiency of manganese can be corrected by the

application of manganese salts and in the case of neut,ral

or alkaline soils, by the addition of enough sulfur to
acidify the soil (14). Manganese with the aid of iron
assists in the synthesis of chlorophyll, since all chroro-
phyll tissue have the highest concentration of manganese (50)

Sodium

The yield response of some

been recognized by many workers. As

as cit,ed by tehr (30) obtained yield

crops t,o sodium has

early as 1865 Voelcker

increases by treating
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mangels vrith sodiun chloride. Holt and Volk (23) reported

that for some plants sodium may be an essent,íal nutrient, for
maxi¡num growth and that sodium can substitute for potassium

to a variable extent, dependíng on the plant species. Harmer

and Benne (19) working with an organic soil in Michigan re-
ported a six year average increase of, 4.3 tons of sugar beets

per acre from 5OO pounds of sodium chloride where the average

annual potash rate of application was 136 pounds per acre.

Shepherd, Shickluna and Davis (51) working with a muck soil
in &fichigan reported that the y.ield increase of sugar beets

due to salt decreased with increased rates of potash applied.

Adams (1) reported that sodir,rm is a nutrient for $rgar beet,s

and not a pot,assír¡¡n substitute. He also reported that the

majority of the sodium occurring within the p1ant, at

harvest time, was in the lamina.

Chlorine

Chlorine was first proved to be an essential
plant nut,rient in 1954 by aroyer and his associates (5).

From the same study it was showr¡ that, plants deficient in
chlorine had leaves which displayed slznrptorns of wilt,,
chlorosis, necrosis and (on tomatoes) an unusual bronze

color. Sugar beeÈs, carrots, cabbage, Iettuce, barley,

wheat, cotton and subterranean clover were among the other

species that vrere severely restricted in growth without
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supplementary chlorine. Johnson et aI (241 greÌâr sugar

beets in cultural solut,ions with and without chlorine. It
was noted Ëhat the sugar beets with minus chlorine tended

to wilt more readily than those which were supplied with

chlorine. Also the minus chloríne sugar beet plants had a

club-like root, morphology with many branched laterals as

compared to the fibrous development of Èhose planÈs supplied

with chlorine. Ttrese authors estimate that plants require
one pound of chlorine for each 1O,OO0 pounds of dry matter
produced. UlrÍch and Ohki (57) reporÈed that symptoms of
chlorine deficiency appear first as a chlorosis on the leaf
blades of the younger leaves of the sugar beet plant growing

in cultural solut,ions. The main veins and the minor veíns

of these leaves remain green while the interveinal areas

are a light green to yellow in color in the early stages of
chlorosis. As the slmptoms develop, the interveinal areas

appear as s¡nooth flat depressioÌls, light green to yellow in
color, which is in sÈriking contrast to the green veins

having a "raised' appearance. The roots are very stubby-

From the same study it was shown that with high potassium

leve1s there was an increase in the weíghts of the tops but

there r,rras no increase in the size of the storage root,. Wtren

plants are high in potassium, a chlorine deficiency causes a

decrease in the sucrose concentration of the beet roots, but
when the plants are low in potassium, a chlorine deficiency
increases the sucrose concentration of the beet roots.
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¡,TATERJAT"S AùTD METTTODS

GENERÃL MEIIIODS

Íhe crops l^rere gro\dn on organic soils which

were acidic to slightly acidic in nature. Five field

erq>eríments and one greenhouse extr)eriment hrere conducted.

Records hrere kept of rainfall and ground and air tenrper-

atures at Vivian during Ëhe growing seasoR (Appendix I).

FIEI¡D E:(PER,IMENTS

Five field e><periments were conducted during the

growing seasons of 1963 and L964. The two siËes chosen

for erçeri¡nentation were g9ü4-1I-88 and NE5-L7 -9F, which

are near the towns of Vivian and Stead, respectively.

VivÍan is locat,ed approximately 4O miles east, of the city
of üIinnipeg while Stead is located 65 miles north east, of

Winnipeg. flre site at Stead was chosen for invesÈigation

because it was reported that crops of low yield and quality

were being produced.

lÍtre site at Vivian was chosen for investigation
because of recent establishment of a commercial vegetable

production in this area. ft¡ese two sites shall be referred

to as Vivian and Stead.

Both siÈes were falI worked and disked in the

spring prior to fertilization and seeding. Prior to
seeding, both siËes received a broadcast fertilization of
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200 pounds of 11-48-0 (NH4H2PO4); Vivian received 200

pounds of O-O-50 (f2SO4) while stead received lOO pounds

of O-O-50 (K2SOa) on certain plots.

During the growing season of 1963, âD additÍonal

40 pounds of nitrogen and 50 pounds of potassium were

side dressed next to the crop by means of a V-belt, seeder.

lÍlre rates of nitrogen, phosphorous and potassium used in
1963 were based on soil tests done by the SoiI Science

Department, Michigan Stat,e University, East Lansing. llÌrey

used the Bray PI method for available phosphorous and the

Spurway "reserve" method for potassiu¡n (14).

Soil tests in Lg64 for all the organic soils
under study were done by the Soil Science Department,

University of Manitoba. Ehe rnodified Harper !{ettrod (21)

was employed to determine the quantlty of nitrate nitrogen,

Olsenrs (4f) 0.5ß! NaI{CO3 method was used t,o determine

available phosphorous. Exchangeable potassium was de-

termined with arnmonirr¡n acetate at pH 7 using a flame

photometer.

In both years the micronutrients boron, copper

and zinc were applied at the following rates and in the

following forms. Boron, 3.0 pounds per acre applíed as

borax. Copper 4.0 pounds per acre applied as copper

sulfate. %i'nc, 5.0 pounds per acre applied as zinc sulfate
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Manganese lÀtas applied at the rate of 20.0 pounds per acre

in 1963 and 10.0 pounds per acre in 1964. It was applied

as manganese sulfat,e in both years. The micronut,rients

in 1963 were broadcast and. worked into the soil to a

depth of 4 Ëo 6 inches prior to seeding. In L964 Ea

insure greater accuracy of application, the micronutrients

were applied by means of a V-belt, seeder one week after

the crop emerged, I to 2 inches to the sides of ttre row

and 2 inches deep.

All crops $rere planted at their recommended

rates of seeding. Sowing was done by means of a Planet

ilunior except for wheaË which was sorârn with a seed driIl.

Tlhe varietÍes used v¡ere Great Lakes lettuce, a NanÈes type

carrot, Autumn Spice onion, Selkirk wheat and a monogerm

type sugar beet.

lttre size of plots for Enperiments I, II, IIIa
and IV were 15 x 7.5 feet with I8 inch row spacings.

ft¡ere were five rows in each plot of which 10 feet, of the

three middle rows r,rrere harvested. lû¡e size of the main

plots in E¡q)eriment IIIb were 5O x 7.5 feet; the subplots

vrere 25 x 7.5 feet with 18 inch rotnr spacings. Tl¡ere \¡vere

5 rows in each plot of which 20 feet of the three middle

rott¡s vrere harvested. In Experiment V the size of the main

plots lvere 30 x 4 feet; the subplots were 15 x 4 feet with
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1 foot, ro!û spacings. Ttrere were 4 rows in each plot, of
which 12 feet of the two middle rows were harvested. All

crops were harvested manua1ly.

EXPERIMENT I (Vivian, 1963)

I,ettuce and carrots were used as test crops

to evaluate their response in yíeld to the application

of copper, manganese, boron and their combinations.

E:q>erimenËal design was a facËorial with eight treatments

replicated four times. Planting and harvest dates vrere

June 7th and September 8th, respectively. Due to a

combination of extreme heat, and Aster Yellorârs, the

lettuce crop deterioraËed and was not harvested.

E:(PERIMENT II (Vivian, 1963)

Onions were used as a test, crop to evaluate their
response in yield and skin color to tÌ¡e a¡>plication of
copper, manganese, zinc and their combinat,ions. The

erq>erimental design, planting and harvest dat,es were the

same as in Elçeri¡aent I. Onion bulb samples from each

plot were obÈained and brought to tbe University where

they urere cured. After curing, the onions were evaluated

visually for color of the onion bulb skins. A rating of
I to 5 was used where 5 was the darkest brown color.
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EI(PERIMENT IIIa (Vivian, L9641

carrots and onions were used as test crops

to evaluate the response in yield to the applicat,ion of

copper, mangarìese, boron, zinc and their combinations.

E>çerimental design was a factorial, with síxteen

treatments replicated four times. The onion data was not

analyzed statistically for a level of significance due to

the high variability between replications. Planting and

harvest dates were May 28th and September 23rd, respec-

tively.

EXPERTMENT IITþ (Vivian, L9647

Sugar beets $rere used as a test, crop fo evaluate

the response in yield and sugar content to the applicatíon

of NaCl and the micronutrients copper, boron, zLnc and

manganese alone and in combinaËion. A factorial split
plot design was used wíth 32 treatments replicated four

t,imes. The subplots were used to evaluate the response

in yield of sugar beet,s to copper, zinc, boron and manganese.

Itre main plots were used to evaluate the response in yield

t,o sodíum, with one half of each replicate receiving 200

pounds per acre of sodium chloride, which was broadcast

prior to seeding. Sugar was determined according to the

Sachs-la Docte cold water digestion method (471.
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E:(PEFJMENT IV (Vivian, L9641

Ítris e:çeriment was conducted t,o more thoroughly

evaluate the yield response to copper, observed in 1963.

Onions and carrots were used as test crops. A randomized

block design was used with six rat,es of copper replicated
four times. ltt¡e treatment rates were 0, 0.5, 1.0, 1.5, 2.O

and 2.5 pounds per acre of copper. Manganese, boron and

zinc hrere applíed to ensure that they would not be deficient.
Planting and harvest, dates were May 28th and September 23rd.,

respectively. Due Ëo adverse growíng condit,ions and variable
stand, the data from the onion Ërial was not anatyzed

statistically.

ET(PERIMENT V (Stead, L964,

This was a factorial split plot, design, with 32

treatments replicated four times. All four micronutrients
under study and all of theír possible combinations were

used. Each replicate vras divided longitudinally and to one

half of the replicate was broadcast 1OO pounds of 0-0-50

(K2SO4) per acre. Ttre indicator crop was wheat which was

sown and harvested May 26th and SepteÍiber 16th. Nitrogen
was determined by the Kjeldhal method (261 which was then

used to calculate percent protein.
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EXPERIMENT VI

A greenhouse ex¡rerirnent was conduct,ed in the

late autumn and early winter of 1964. Nine differenË
organic deposits were sampled in four different, areas.

One sample was from the e>qrerirnenËal site at Vivian,
two samples from the Stead area and one from a sphagnum

peat deposit near the town of .Tulius. Five locat,ions tvere

sampled in the RiverÈon area. Íhese different, rocations
shalr be referred to as locations I to 9 and are given in
Table r. some of Èhe chemical and physical characteristics
of these organic soils are given in Table II. Total
copper, zinc and manganese was determined by means of a

fruorescent x-ray spectophotometer. Ash was determined

by means of dry ashing the soils in a muffle furnace at
55Ooc for 24 hours.

The test crop spinach was groÌ,rrut in glazed pots.
Nitrogen, phosphorous and potassium were added to each

organic soil as ammonium dihydrogen phosphate and potassium

sulfate (chemically pure grades). Copper was added as

copper surfate at a rate of 0.75 pounds of actual copper at
the time of seeding. After six weeks of growth, the prants
\Àtere harvested, air dried and weighed. An unpaired ut' test
(53) was used to analyze the yields statisËically.
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TABIJE I TÍIE CODING SYSTtsM USED IN EXPERTMENT VI F|CR TEIE

ORGAÀTTC SOILS SAI\ÍPTED AT NTNE DIFFERET{T SI1ES

Area
Legal

Description Site

Vivían

Stead

Riverton

Julíus

sw4-11-88

NE5-17-98

NE18-17-98

sw2-24-38

sE36-23 -38

NW15 -25-38

sÍ{23 -24-3E

NW35-23 -38

NE3-12-108

T

TÏ

III
ÏV

v

VI

\ruI

VIII
IX



TABLE TI SOME CHARACTEFJSTTCS OF 1]TTE PEAT SOITS (O

GREEMIOUSE EXPERIMENT. E¡(PERTMENT

Sit,e

r 6.2

II 6,7

TII 6.3

rv 5.4

v 6.6

vr 4.o

vrr 6.5

VIII 6.5

rx 4.2

pH
Cond. O.M. Avail P
nunhos % ppm

0.92

2.4

0.40

1.0

2.9

o.12

0.70

0.55

0 .09

87

88

a7

70

37

93

84

98

97

NO3-N Avail K
pPm ppm

Is6

83

16

36

L4

35

28

7

13

I[D* - Not, Detectible.

L25

505

57

L70

205

6

186

75

L7

- 6" ) mær,oyED IN rHE

VI.

Total Cu Total Zn
Ppm ppm

232

232

240

252

140

440

300

40

2L2

TÜD*

ND

o.64

23,6

15.7

rilÐ

o.47

¡TD

1.00

IüD*

0 .80

ND

14. B

32.7

ND

o.78

IûD

0.14

Total Mn
ppm

285

892

60

480

740

68

54

Trace

26

I

N
t\)

I
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RESULTS AÀTD ÐISCT'SSTON

E¡IPERIMENT I (Vivian, f963)

The data in fable III shows the effecËs of the

micronutrients boron, copper and manganese, alone and in
combination, on the yield of carrots at Vivian in 1963.

T^ABLE III TIIE EFFECT OF MICRONTJTRTENTS, APPLIED AI.ONE ATTD

IN COMBINATTON ON T'IIE YTET'Ð OF CARROTS AT VTVIAÀT IN 1963

Treatment
Mean Yield
Tons/acre

B+Cu
Mnç Cu

CU

Cu+ B+I"Ir¡

Check

tr4n+B

B

Mn

23.74

23.50

23 .01

22.6L

18.40

L7 .53

16. 31

L4.37

In this and all ensuing tables where Duncanls Multiple

Range Test was used, there are no significant differences

between yields within groups indicated by vertical lines-

(P = 0.05)
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The treatment means can be divided into three

groups which differ significantly from each other. In
the first group are the four treatments containing copper.

Copper when applíed at the rate of 0.75 pounds per acre

sígnificantly increased the yield of carroËs. In the

second group are the check and Lhe Mn + B treatments. In

the third group, significantly lower than group two, are

the manganese and boron treatments. It would appear that
manganese and boron when applÍed separaËely result,ed in

a detrimental effect and a yield reducËion. This effect t,
did not occur when boron and manganese were applied

together.

The Cu + B + Mn interaction was significant.
Íhis interaction was not investigated. to determine what

caused it. Further work would have to be done to sub-

stantiate this finding.
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EXPERIMENT II (Vivian, 1963)

Íhe data in Table IV shows the effect of copper'

manganese and zinc on yield of onions and onion bulb skin

color. Ttre individual treatment means are shown in table Iv.

TABTE IV EFFECT OF MICRONUTRTENTS, APPT,f,ED AT,ONE AÀÏD IN

CoMBINATTON, ON THE YIELD OF ONIONS AND ONION BULB SKIN

COLOR AT \ruVIA¡T TN 1963

Treatmenf
Mean Yield
Tons/acre

BuIb Skin
Color (a)

Mn+Cu

Cu

Cu+Zn

Cu+Zn+Mn
Zn

Check

Mn

Zn + Mr¡

15.30

L4.47

13 .05

12.15

9.10

9.06

6.L9

5.56

4.t2

4.L2

3 .50

3.62

L.75

1.90

L.75

1.50

(a) onion color was rated from 1 to 5 (5 beíng the best,).
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The treatment means for both yield and skin
color can be divided int,o two distinct groups which differ
significantly from each other. rn the first group are the
four t,reatments which include copper. Copper applied at
o.75 pounds per acre significantry increased ttre yield of
onion burbs. onÍon burb skins hàd a darker brown color
where copper $ras applied and the effect was signifÍcant.
In Ëhe second group, the check and the three t,reatments

not contaíning copper are significantly lower in yÍeld.
rt appears that manganese and IrIn + zn treatments are rower

in yield but they are not sígníficantty 1ower in yield
than the check. This indicates again, âs in E:q>eriment, r,
a detrimental effect from manganese.

Treatments had almost identical effects on yield
and on bulb skin color. lltre correlation coefficients vrere

0.491 for error term and O.g4g for treatment components and

are st,atisticarry significant (Appendix v). Ttre treatments
which gave the highest yíerds produced Ëhe most desirable
skin color. Ttre treatments which gave the lowest yields
produced the least, desirable skin color
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EIPSBIq4FN_T.JII?. (vivían, Le64)

The data in Table V shows the effect of the

micronutrients copper, manganese, boron and zinc alone

and in combination on the yield of carrots.

TABLE V TTIE EFFECT OF TTTE MTCRONUTRTENTS COPPER, MANGAÀÏESE,

BORON AIilD ZINC ALONE AÀTÐ TN COMBTNATION ON 1EIE YIELD OF

CARROTS AT VTVTAN IN 1964

Treafment
Mean Yield
Tonsr/acre

Check

Mn

B

CU

ZA

Mn+B

Mn+Cu

Mn+ Zn

B+Cu
B+ ZN

Cu+ Zn

¡úa+ B +

Mn+B+

Mn +Cu

B+Cu+

Mn+B+

Cu

Zn

tzn
Zn

Cu+Zn

9 .50

7.75

4.27

9.84

10.39

8.62

9.57

8.92

9.22

8.13

8.92

9.28

8.37

4.79

8.84

8.73

N.S.
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The applied mícronutrients did not have a

significant effect on the yield of carrots. Trhe

coefficient of variability for this erçer5:nent was

very high (L9.L6%r. The possible reaso¡l for the high

variability in the er<periment was due to Èhe growing

conditions which were not ídeal. In the spring after

planting there was a prolonged period (28 days) of no

precipitation, resulting in poor germination and an

uneven stand. In addition to cool Èemperatures duríng

the growing season, there were 2 Eo 3 F. degrees of

frost- on Sept,ember 14th there were 12 F. degrees of

frost that killed the carroË crop. P1ants under such

a sÈress grow slowly and thus require less nut,rients

generally, including micronutrients. eossíbly for

these reasons there was no yield response to copper

as in 1963.

The same growing conditions affected the onion

crop. As a result of thís the onions did not, mature and

no marketable yield results could be obtained. However,

the onions lrrere harvested for total bulb yield, but Ëhe

range of variability within treatments for onions (for

example L2.6, 13.0, 9.7 and 5,6) exceeded variability

between treatments (O.7, 3.1, 0.5 and 0.6) and it, may be

assumed thaÈ treatment means are not significant.
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EI(PERIMENT rrrb (Vivian, L9641

The data in Table VI shows the effect, of NaCl and

the mj-cronuËrients copper, manganese, boron and zinc alone

and in combination on the yield and percent sugar of sugar

beets.

TABIJE VI THE EFFECT OF NaCl AATD THE MTCRONUTRIENTS COPPER,

BORON, ZINC AND MANGANESE AIJONE AIìID IN COMBINATION ON TIÍE

YIEI,D OF SUGAR BEET ROOTS AÀTÐ PERCENT SUGAR

Treatment
Plus NaCl

Root Yield Sugar
Tons/acre Percent

Mínus NaCl
Root Yield Sugar
Tons/acre Percent

Check

Mn

B

CU

Zn

Mn+ B

¡vln + Cu

Mn+ Zn

B+ CU

B+ZN

Cu+ Zn

Mn+B+

¡4n+B+

Mn+Cu+

B +Cu+

Mn +B+

CU

Zn

Zn

ZN

Cu+ Zn

4.64

4.O5

3.78

4.90

4.33

4.83

4.55

4.78

4.99

4.34

5.19

5 .08

4.95

4.75

4.47

4 -9s

11_9

11" 1

11.9

11" 2

11.8

11.1

10.8

1r.5

10.8

L2.2

11.4

11.7

10.9

11.4

ro .9

11.1

3.78

3.98

4.OL

3"65

3.72

3.98

4.88

4.L6

4.6L

4.25

4.54

4.55

4.L4

4.38

4.L5

4 _36

LO.4

LO.2

9.9

9.9

IO.5

11. 1

10.3

10.6

LO.4

10.9

r0 .0

11.0

10.6

LO.4

10.3

10.5

N. S. N. S- N. S. N. S.
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The applied micronut,rients did not significantly
affect the yíeld or percent sugar of sugar beets. The

reasons for thís are probably the same as given in
E:çeriment IIIa. Horatever, when the effect of NaCl on sugar

beets was analyzed separately, a significant response in
yield and in percent sugar was obtained. ftle yield of
sugar beet roots was increased O.4L tons per acre where

NaCl was applied. Íhis is a 11.0 percent increase in yield.
Sugar was increased from 10.45 to 11.36 percent. This

t]æe of response is similar to reports from work done in
other areas by other investigators (1, L9, 23,51). The

response in yield and sugar content to the applied NaCI

may be at,tributed to a deficiency of sodium or chloride.
Although sodium has not been proved to be an essential
plant, nut,rient, Ëhere have been reports (23, 30) strongly

indicating Ëhat it could be for sugar beets. Sodium can

partially substitute for potassir¡rn when potassir.rm is
limiting (19, 57, 58) and the response may be due to a

sparing action on potassium requirement if potassium was

deficient in these muck soils. Chloride was proven to
be an essential plant nuËrient in 1954 (5) and Ít is
possible that the observed response is dr¡e to the additional
chloride. Sugar beets have been shown by Johnson et aI (24')

to be very responsive to chloride. Ulrich and Otrki (58)
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reporL that, when plant,s are low in potassium, a chloride

deficiency increases the sucrose concentration of the beet

roots.
i:.

Figure I shows the effect of NaCI on reducing

the damage due to frost. Several theories can be postulated

for this beneficial effect of NaCI in increasing frost

hardiness in these sugar beet plants.

(1) The application of 200 pounds per acre of NacI could

have resulted in a higher solute concentratíon in the plant

as compared to Èhose plant,s where no Nacl was applied.

Adams (1) reported Ëhat'increasing the concentration of

sodium in Ëhe soil resulted in a greater sodium concentration

in the plant. The majority of åodium was in the lamina.

Levítt (31) reported there are two types of waËer binding

one by osmotically active the other by colloidal substances.

He also reported that most of the resulÈs showing a

correlatÍon between bound water and hard.iness have been

due Ëo osmotically bound waLer. Ítre correlatíon with frost

hardiness involves both an increase ín solutes during

hardening and a parallelism between the solute concenÈration

and the hardiness of d.ifferent varieties" Tullin (57)

applied various rates of NaCl to sugar beets and he also

measured the concentration of Nacl in the leaves. At the



Figure I - Resj-st,ance to frost dama'ge of sugar beets due t'o
application of 200 lbs. sodium chloride (right sj.de)
rä-no sodium chloride (left side). E>ç. IIIb (Sit'e I,

I

(,
t\)

I

Lg6a,, .
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maximum conceRtration of NaCl in the leaves there could

only be a freezing point depression of 0.860 F. of Lhe

ceIl sap. Thus it is possible that NaCl could increase

hardiness by increasíng osmotically bound wat,er but only

to a limited degree"

(2) Vasilnyev (64, reporËed that, potassium fertilizers,
as a rule, strengthen frost resistance. Arland (64't

believes that, potassium is responsible for the beËter

development of surface tissues and thereby intensifies

hardiness. From the same report, Stoklasa report,ed that

beets taken from soil lacking available potassium had a

low rate of respiration. These plants were less hardy

and more severely injured by all kinds of fungus in-

fections. Sodium too had a beneficial effect on hardiRess.

Sodium has been shown to substitute for pot,assium within

the plant when potassium is limítÍng" Thus it is possible

that, when sodium was added there was more poËassium

available for metabolic roles and the sugar beets vrere

more hardy.

(3) It is possible Ëhat the increased frost resistance

of the sugar beeL plants was due to the addition of chloride.

Johnson et aI (241 have shown that chloride is essential

for sugar beet growth. Although chloride has not been
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shown to be limiting in t'hese soils, it is possible

that this observed effect is due to its application.

ttris could have resulted in a healthier plant. ?u}lin (57)

has shown that there is a competítive effect between

chloride and nitrate ions. Ítrus if the uptake of the

nitrate ions was reduced by the chloride ion in the plant's,

Ëhe plant could have been less succulent.

TLrese actions of NaCI are, however, very

speculat,ive and no definite conclusions can be made

without additional work.
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E> EF,IMENT IV (Vivian, L964,

As shown by the data in Table VII the yield

of carrots was íncreased significantly by the application

of 0.50 pounds per acre of copper. Houtever, increasing

the rate of copper as high as 2.5O pounds per acre did

not resulü in a significant yield increase over the 0.50

pound per acre rate.

TABT,E \':TI THE EFFECT OF SIl( RATES OF COPPER ON IEIE YIEIJD

OF CARROTS AT VTVIAN IN 1964

copper
1bs/acre

Mean Yield
tons/acre

o

o .50

1.00

1.50

2.OO

2.50

e.ls 
I

13 .9I
15 .06

14.50

14.00

15.41
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EXPERIII{E!ilI V ( Stead, L964'l

Potassium applied at, a rate of 50 pounds K2Q/acre

caused a significant reduction in the yield of wheat- ÍL¡e

mean yield of all plot,s which received no potassíum was

18.23 bushels/acre. Íhe mean yield of all plots which

received the application of 50 pounds K2O/acre Ìtas 13.88

bushels/acre. This is a reduction of 4.35 bushels/acre.

PoÈassium applied to organic matËer does not revert to non-

exchangeable formsr clay minerals differ in that potassium

can revert to non-exchangeable forms (I3). Certain elements

such as potassium, calcium and magnesium need to be in a

reasonable balance for proper plant utilization. It is

possible that an overabundance of one of these elements

could result in a deficiency of the others. A marked

deficiency of magnesium has been observed by tucas (33) in

tomatoes grown in the greenhouse because of large potash

application. It is possible that an overabundance of applÍed

potassium result,ed in an imbalance which could result in a

suppression in yieId. A second possible reason why potassium

decreased yields could be due to the salt effect on the

germinating seeds. Ttris was not not,iced however. t''his

would result in a lower germinaËion, which would subsequently

reduce yields.

From the analysis of variance (Appendix IX) Ëhere

is a significant effect on the yield of wheat of Lhe following
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components3 K, Cü, K x Cu, ZTt x Mn, Zn x B and Cu x Ztt x Mn.

Ttre effect of copper, manganese, zin'c and boron on the yield

of wheat,, with and withouË potassium is shown in Table VIII.

TABLE VIII TIIE EFFECT OF COPPER, MANGANESE, ZINC AtiID BORON

oN THE YIELD OF tìtHEAT IN BUSHELS/ACRE, VüITH A\ID WIrÌIOUT

POTASSIUM AT STEAD TN 1964

Micronutrient
Lbs/acre

Rate of K20 Lbs/acre
050

Mn

¡,In

Zn

Zn

CU

CU

B

B

Mean

0

4.O

0

10 .0

0

5.O

o

3.0

L9.94

18.43

L7.78
L9.24

18,10

L8.27

L7.62

18.67

18. 23

L2.50

15.14

13.70
L3.94

14.18

]-3.46

14.18

L3.46

13.88

Copper gave a significant increase in yield but

only when potassium was applied. Tfhen copper rivas applied

with potassium, there was an increase in yield of 2.64

bushels/acre. Vthen copper was applied without potassium,

there was little or no effect on yield.
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The yield data for the two first order inter-

actions , äTt x Mn and Zn x B, are presented in Tables IX

and X.

TABLE IX TTTE EFFECT OF ZINC AT TVüO LE\IETS OF MANGA\IESE AND

MANGA¡¡ESE AT TÞfO LEVEI,S OF ZTNC ON TTIE YIELÐ OF VTTIEAT AT

STEAD IN 1964.

Rate of Manganese
Lbs/acre

Rate of, Z,ínc
tbs/acre

o L.25

o

10"0

l-5.22

L7 "L4

L6.26

15 .38

TABLE X TTTE EFFECT OF

AT T!'fO LEVELS OF ZTNC

ZTNC AT TIüO LEVETS OF

ON THE YIET,D OF T^¡HEAT

BORON AÀTD BORON

AT STEAD TN 1964.

Rate of Boron
tbsfacre

Rate of, %ínc
tbs/acre

0 L.25

0

3.0

L6.74

L5.54

15"06

16. 58
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Although these interacÈions are statist'ically

significant, Iittle relíance can be placed on Èhe results.

on examining the Mn x zn interaction, iË was found that

when either micronutrient, was applied alone yield was

increased, but when they \dere applied together there was

little or no effect on yield. on examining the B x zn

interaction, it, was found that when either micronutrient

was applied alone yield was reduced but when they were

applied together, again there was little or no effect on

yield.

The point is that in one case zLnc alone ín-

creases yiel{ in the other case zínc alone decreases yie}d.

This is because in the Èwo interactions the means of the

zínc treatments are obtained from different t,reatment means.

To prove the validity of these first order ínteractions

and the second order int,eractions Cu x Zn x Wr, furt'her

work would have t,o be done,
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EI(PERTMENT VT

The application of copper sulfat,e at 0.75 pounds

per acre resulted in a significant íncrease in yield of

spinach when applied to the organic soils sampled from

sit,e I, site vII and site VIII (rable I). As indicated

in Tab1e II, these soils have a very low amount of total

copper. lrtris could e>rplain the general response in plant

growth when this element was added. Spinach could not

be established on the organic soils sampled at Site VI

and Site IX.

In the field e:çeriment at Stead, there was a

significant increase in the yield of wheat when copper

was added wiËh potassium (Tab1e vIII). In the greentrouse

e>çer5ment using the organic soil (Sit,e II) sampled from

the site at Stead, there was very lit,tle effect when copper

was added. The lack of a significant increase in yield

could be due Ëo the fact that a dÍfferent plant species

was being used as a tesË crop or it could be due to a

deficiency of one of the other micronutrient,s since zínc,

boron and manganese were not applied to the soils in the

greenhouse experiment. This is borne out by the fact that

the spinach showed symptoms of a nutrient deficiency and

by the fact that in the field experiment the z,n + B and

cu + Zn + B interactions were signifícant.



TABI,E XI

VÍEIGHT
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lHE EFFECT OF o.75 POU¡üDS//ACRE OF COppER ON ffiIE DRy

OF SPINACH GRO!{N FOR SIX WEEKS IN TTIE GREENHOUSE ON

ORGANIC SOITS FRO!4 NINE DIFFERENT LOCATIONS

Mean Yield

Site

Copper
o.75

I'ibs/acre Check

I

II
III
IV

V

VI

VII
VIII

IX

4.29r",

4.29

3.62

4.74rt

3.95

o

4.47

4.29x*

o

3.49

4.LL

3.15

4.O2

2.90

o

3.20

3 .09

o

** Significant
Sígnificant

of
af

L%

5%

at

at

the

the

level
leve1

probability.
probability.
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SUMI4ARY

Investigation of the comparative effects of

various micronutrients, EIS measured by yield and quality

response were conducËed on organic soils from nine

different locations. The study consisted of five field

e>çeriments during the growíng seasons of 1963 and L964

and a greenhouse e>çeriment during the wint,er of L964/65.

Results of the field erçeriments at Vivian-

(1) The application of copper resulted in a signifícant

increase in the yield of carrots and onions.

(21 1Ítre application of 0.50 pounds per acre of copper

resulted in yields of carrots as high as those

where higher rates of copper were used.

(3) TLre application of copper to onions resulted in a

significant íncrease in the color of onion bulb skins.

(4) Ttrere \^tere no signifícant increases in yíeld of the

t,est crops where zinc, manganese and boron were

applied.

(5) The application of 200 pounds per acre of sodium

chloride caused a significant increase in the yield

of sugar beet roots and percent sugar. lfkrere was

also an apparent increase in frost hardiness of the

sugar beets where sodium chloride was applied'.
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Results of the field e>çeriment at Stead.

(1) When copper was applied with potassium Lhere was a

significant increase in the yield of wheat,. llfhen

copper r,rtas applied alone this effect was not

observed.

(2') Potassium applied as K,SO4 at lOO pounds per acre

significantly reduced the yield of wheat at Stead.

Results of the greenhouse exPeriment.

(1) lftre application of copper caused a significant
increase in Èhe yield of spinach at three of the

nine sites studied.

(21 Etrese three locations where a response in yield was

observed due to copper are low in total copper.

This would e:rplain the general response in planÈ

growth when this element was added.
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APPET$DIX I

MONTHLY MEAN TEMPERJ\TURES OF AIR AND SOIL DURTNG

THE GRO!{ING SEASONS OF 1963 AND j.964

Temperature
Month Air Soil

May

June

July
August

September

May

June

JuIy

August

September

1963

L964

42.5

61.8

68.5

63.5

57.O

44.5

56.5

66.5

s8.5

s0.o

44

60

66

63

63

37

42

54

53

49

APPETüDIX IT

TTIE SOURCE .A.ND PERCENTAGE OF MTCROMJTRTENTS USED

Micronutrient Source Percentage

Boron

Copper

Zi'nc

Manganese

NarBn0r.10H20

CuS04.5H20

z,nsO4.HZo

MnS04

11.0

25,2

36_ 0

27.3
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APPE¡IDIX III

ANALYSIS OF VARTANCE FOR THE EFFECT OF THE MICRONUTRTENTS

MANGASIESE, BORON AND COPPER ALONE ANÐ IN COMBINATION ON TIIE

YTELD OF CARROTS AT VIVIAN IN 1963. Ð(PERIMENT I.

Source d.f. S.S. M.S. F

Reps. 3 3 2. 1500 IO .7 L67

Treat" 7 1646.6450 235.2350

¡{n 1 24.L5L2 24.L5Lz

B I L.44sO L.4450

Cu I L476 "96l-2 1476.96L2 A2.66't't

Mn + B I 27.7513 27.75L3

Mn + Cu 1 10.5801 10.5801

B + Cu I 3.5113 3.5113

Mn+B+Cu I LO2.2449 LO2"2449 5.72*

Error 2L 375.2050 17.8669

Total 31 2O54.O0OO

** SignificanË at P = 0.01
* Significant at P = 0.05
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APPET{DIX IV

AN ANALYSIS OF VARTANCE FOR THE EFFECT OF TTIE }4ICRONUTRTENTS

MANGAÀTESE, COPPER AÀIÐ ZINC ALONE AIilD IN COMBINATION ON THE

YIEI,D OF ONIONS AT VTVIAÀT TN 1963. E](PERIMENT II.

Source of
Variance d. f. S- S. M. S. F

RePs.

Treat.

Mn

Cu

7"n

Mn+Cu

Mn+Zn

Cu+ Zn

I',In+Cu+Zn

Error

Total

190. 2L53

L575.0088

98.0000

1308.1613

50 " 5013

78.L250

9.6800

29.26L2

1. 2800

745.7947

25LL.0188

63.4051

225.OOLz

98.0000

1308.1613

50.5013

78.L250

9 .6800

29.2612

1. 2800

35.5140

36.84**

3

7

1

I
I
I

I

I
1

2L

31

** Significant aË p = 0.01
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APPE¡IDIX V

ANAT,YSIS OF VARIANCE FOR TIIE CORRELATION BETWEEN OTVTON

YIELD (x) AND ONION BUI,B SKIN COLOR (v) DUE TO THE EFFECT

oF TIIE MICRONUTRIENTS MANGAITESE. COPPER ASTD ZINC ALONE

AND IN CO¡4BINATÏON.

Source d.f. d- f-

RePs.

Treatment

Error

Variance +

Total

3

7

2L

Error 28

31

2 " 0560

4.6805

3.3360

5 "7476

6.10s1

0.3013

7.7243

r,2399

a "9642
9.2655

0.1609

L.7ALO

o -7570

1.8985

1.9053

2 + 0"911

6 + 0.948**

20 + 0.491*

27 + O.822

30 + O.796
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APPETIDIX VI

ANALYSIS OF VARIA¡TCE FOR THE EFFECT OF MTE MICRONUTRTENTS

BORON, COPPER, ZINC ANÐ MANGANESE AT,ONE AND IN COMBINAÎION

ON gTTE YTELD OF CARROTS AT VTVTAN TN 1964. EXPERTMENT TTIA.

Source d. f. S. S. M. S.

Reps.

Treatment,

CU

Zn

Mn

B

Cu+ Zn

Cu+Mn
Cu+ B

Za + ¡{n

Zn+ B

Mn+ B

Cu + Zn+
Cu+ Zn+
Cu +Mn+

Zn+Mn+
Cu + Zn+

Error
TotaI

97.2s37
116. 6275

rL.2225
0.9506

10 .0806

t9.t406
19.5806

4.9506

4.7306

o.4225
3 . O62s

18.4901

o. 0401

LL.2226

L2.6025

o.5256

0 .0055

4L4.3963
628.2775

32.4L79
7.775L

Lt.2225
0 .9506

10 .0806

L9.L406

19.5806

4.95A6

4.7306

o.0225
3.0625

18.4901

o.0401

tL.2226
L2.6025

0.5256

0.00s5

12.5574

2.8449

0.8936

t.5242
L.6592

Mn

B

B

B

Mn+ B

3

I5

I
I
1

t
1

I
1

I
T

I
I
1

1

1

1

33

63

C.V. = 19 .L6%
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APPENDIX \ruI

A}TATYSTS OF VARIA}TCE FOR TITE EFFECT OF

NãC1 ON SUGAR BEET YIELD AT VIVIADT ÏN

L964. EXPERI¡,IENT TIIb.

Source of
Variance d.f. S.S, M.S. F

Treat. I 248.227 248-227 16.978**

Reps, 3 121.360 40.45

Error L23 L798.268 14.62

Total r.27 2L67 -855

** Significant at P = 0.O1
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APPENDTX VIIT

AÀÏ ANALYSTS OF VARTA}TCE OF gTIE EFFECT OF VARTOUS RÀTES

OF COPPER ON TETE YIELD OF CARROTS AT VIVIAN IN }964.

Ð(PERIMENT TV

--
Source of
Variance d.f" S.S. M.S. F

Treat.

Reps.

Error

ToËal

5

3

15

23

524.7 104 .9 3 .73x

8.22 2.74

42L.33 28.08

954.L5

* Significant, at P = O.Os



-57
APPE¡IDIX TX

AÀTALYSTS OF VARTAI{CE FOR THE EFFECT OF MICRONUTRTETiTTS AND

POTASSIUM ON TTIE YTELD OF ?IIHEAT AT STEAD IN 1964

E](PERIMENT V
æ
Source of
Variance s. s. d. f. M.S. F

Reps.
K
Error
Total (a)

Error
Tota1 (b)

45,774.3984
94 , Ots.3 2O0
L4,329 .773A

154,119 .4922

12, r87.5080
508.0050

I,206.6300
118.2000
354 -4020
973.5090
7L7.2s20

9, 85 2.5750
8,894.4450

679.8800
7 ,275 "2360
3 ,773.6810

202.5110
1, 006.8800

70.4590
6 ,370.3840

995.6900
381. 5620

3, 559.5650
8.5580

468.9510
82.7630

707.7420
3,601.9920

207.5820
L22.0130
969.6130

4, OB5 .0630
3,27O.4500

143, 560.0615
370, 33 2.5547

15, 258 .L32A
94, 015 .3 200
4,7'76.5913

12, L87. 5OB0
508.0050

L,206.6300
r18. 2000
3s4.4020
973.5090
7L7.2520

I ,852.5750
8,894.4450

679.8800
7 ,275.236Q
3 ,773.6810

202.5110
1, 006.8800

70.4590
6,37O.3840

995.6900
381.5620

3, 559.5650
8. s580

468.9510
42.7630

707.7420
3 , 60r.8920

207.5820
L22.0130
969.6130

4,085.0630
3 ,27O.4500

L ,577 . 583 I

19.68*

7.12*r€

6.24r,
5.63*

4.6L*

4.OAtÊ

3
1
3
7

:i
I
z

'!

I
s,
I
t
v

Cu
Zn
Mn
B
Cu+Zn
Cu + ivln
cu+B
Zn+Mn
Zn+B
trår+B
Cu+Zn
Cu+Zn
Cu + ¡{n
Zn+Mn
Cu+Zn
K+Cu
K+ZN
K+MN
K+B
K+Cu+
K+Cu+
K+Cu+
K+Zn+
K+Zn+
K+Mn+
K+Cu+
K+Cu+
K+Cu+
K+Zn+

I
1
I
1
I
I
1
1
I
1
I
I
1
1
1
1
I
1
I
I
I
I
1
1
I
I
I
1
I

91
L27

+ ¡4rx

+B
+B
+B
+MN+B

Zn
Mn
B
¡{n
B
B
Zn+Mn
Zn+3
Mn+B
¡{n+B

c.v. ( a)
c.v. (b)

33%
L9.4%

**
?t

Significant,
Significant

atP=
atP=

o.01
0.0s
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APPENDTX X

ANALYSIS OF VARTAT{ICE FOR TTTE COMBINÐ EFFECT OF

MICRONUTRTENTS AND POTASSIUM ON WHEAT PROTEIN AT

STEAD IN 1964. HKPERTMENT V

Source of
Variance d. f. s.s. M.s. F

Treat.

Reps.

Error

TotaI

15

3

45

63

L2.3602 .a240 1.583

2.4A9 .6829

23.4208 .5204

38. 2700

APPENDIX ]CT

ANALYSTS OF VARIAI{CE FOR THE EFFECT OF MICRONUTRTENTS

ON WHEAT PROTEIN AT STEAD TN 1964.

EXPERTMENT V

Source of
Variance d. f. S.S. M. S. F

Treat.

Reps.

Error

Total

15

3

46

63

5. r55 .343 .79

2.23s .745

19.613 .43

27.OO2


