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Metals And Micronutrients

Weighing environmental hazards and economic

benefits

Thisnewdetter focuseson metals
and micronutrientsfrom two points of
view: environmenta hazardsand
agronomic benefits. Thenewdetter
sartswith anintroductory articleto
refresh all of our memorieswiththe
basics. Thenext severd articles
focuson environmenta concerns,
specificdly, heavy metd contamina
tion of fertilizers, soil copper accu-
mulation duetoitsuseinfootbaths
for livestock, and arsenicin ground-
water. After that, we switchfocusto
agronomic utilization of micronutri-
entswith severd articleson zinc that
cover sources, application methods,
andinteractionswith phosphorus.

Thelast threearticlesfocusonironin
corn, boroninafafaand potatoes,
and sulfur inwheat. Numerous

outs de authors contributed to this
issueincluding: Terry Tindall from
Simplot, Alan Blaylock fromAgrium,
Bryan Hopkinsfrom the University of
Idaho, Bart Stevensfromthe Univer-
sty of Wyoming, and Gary Hergert
fromthe University of Nebraska. I'm
grateful toal of the contributing
authorsand hopethisnewdetter is
hel pful inweighing both the hazards
and benefitsof metalsand micronutri-

ents.
Jessica Davis
Soil Specialist
Colorado State University

Colorado State University, U.S. Department of Agriculture, and Colorado counties cooperat-
ing. Cooperative Extension programs are available to all without discriminatin. The informa-
tion given herein is supplied with the understanding that no discrimination is intended and no
endorsement by Colorado State University Cooperative Extension isimplied.
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Micronutrients In Crop Production

An understanding of micronutrient deficiency symptoms, common conditions lead-
ing to deficiencies, and sources of micronutrients is essential to understanding the
role of micronutrients in agronomy.

Questionsare often rai sed about the
relaiveimportance of micronutrients
incrop production. It hasbeenwell
established that optimumyields
generally arenot possiblewithout N,
PandK fertilizers, and the secondary
nutrientsto alesser extent. Most
growersand dealersfollow the
recommended ratesand methods of
applicationto achievetopyields, but
they may not consider that one or
moremicronutrientsal so may be
limitingtheiryieds.

Micronutrientsarethose e ements
which areessential for plant growth,
but arerequired inmuch smaller
amountsthanthoseof N, Pand K.
Themicronutrientsare boron (B),
copper (Cu), iron (Fe), manganese
(Mn), molybdenum (Mo), zinc (Zn),
and chloride(Cl). BecauseCl

deficienciesrarely occur, thisreport
will discusstheother six
micronutrients.

Micronutrient deficiencieshavebeen
verifiedinmany soilsthrough
increased use of soil testing and plant
analyses. Soil testsshould be
includedinal micronutrient
fertilization programs, first to assess
theleve of availablemicronutrients
and | ater to determinepossible
residua effects(buildup). Plant
anaysesgiveanindication of the
micronutrient statusof cropsduring
thegrowing season.

Boron

Boron deficiency symptomsfirst
appear at thegrowing points. This
resultsin astunted appearance
(rosetting), barren earsdueto poor

pollination, hollow stemsand fruit
(hollow heart), brittlediscolored
leaves, and lossof fruitsand nuts.

Borondeficienciesaremainly foundin
acid soils, on sandy soilsinregionsof
highrainfal or under irrigation, and
those soilswith low soil organic
meatter. Borateionsaremobilein soil
and can beleached from theroot
zone. Boron deficienciesaremore
pronounced during drought periods
whenroot activity isrestricted.
Cropsthat are susceptibleto B
deficiency aredfalfa, sugar besets,
clovers, and somevegetable crops.
There have been few reported crop
responsesto applied B in Colorado.

Copper
Deficiency symptomsof Cuare
dieback of ssemsandtwigs, yellowing
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of leaves, stunted
growth, and palegreen
leavesthat wither easily.
Cereal cropsare
especidly susceptibleto
low Culeves, with
curledleavesat tillering,
head and stem bending,
shrivdledgrain, and
delayed maturity.

Copper deficienciesare
mainly reported on
organic soils(peatsand
mucks), and on sandy
soilswhicharelowin
organic matter. Copper
uptake decreaseswith
increasesinsoil pH and
increased Pand Fe
avalability insoils.
Somecropsthat are
sengitiveto Cu
deficiency areafafa, barley, corn,
oats, wheat and somevegetable
crops. Copper deficiencieshave not
been observed in Colorado crops.

[ron

Iron deficiency isexpressed asyellow
leavesduetolow levelsof chlorophyll
(chlorosis), which first appearsonthe
younger upper leavesininterveind
tissues. Severe Fedeficienciesmay
causeleavesto turn completely
yellow or amost white, and then
brown asleavesdie.

Iron deficienciesarefound mainly on
calcareous (highpH) soils. Cool, wet
weather enhances Fedeficiencies,
especidly onsoilswithmargind levels
of availableFe. Poorly aerated or
compacted soilsalso reduce Fe
uptake by plants. Uptakeof Fe
decreaseswith increased soil pH, and
isadversely affected by highlevelsof

avalableP, Mnand Znin soils. Some
cropswhich aresengitiveto Fe
deficiency are corn, sorghum, whesat
and ornamentals. Ironchlorosishas
beenwidely observedingrain
sorghum and on ornamentasin
Colorado.

M anganese

Interveinal chlorosisondry beans,

and whitish-gray spotson|leavesof
cered cropsare Mn-deficiency
symptoms. Brown necrotic spots
appear onleaveswithvery severeMn
deficiencies, resulting in premature
leaf drop.

Deficienciesof Mnmainly occur on
organic soils, and sandy soilslowin
organic matter, and on over-limed
soils. Toxicity of Mncanresultin
someacidic, high-Mn soils. Crops
which are susceptibletoMn
deficiency aredry beansand some
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vegetablecrops. Therehavebeenno
reported Mn deficienciesin Colorado
crops.

Molybdenum

Molybdenum deficiency symptomsin
legumesaremainly exhibited asN-
deficiency symptomsbecause of the
primary roleof MoinN, fixation.
Deficiency symptomsof Moinsome
vegetablecropsareirregular leaf
bladeformation (knownaswhiptail),
interveind mottlingand margind
chlorosisof older leaves.
Molybdenum deficienciesarefound
mainly onacid, sandy soilsinhumid
regions. Plant uptakeof Mo
increaseswith increased soil pH,
whichisoppositethat of the other
micronutrients. Cropswhichare
sendtiveto Mo deficiency aredfalfa,
cloversand somevegetable crops.
There have been no reported Mo
deficienciesin Colorado crops.
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Zinc

Somezinc deficiency symptomsare
short internodes (rosetting), a
decreaseinleaf Size, chlorotic bands
along themidribsof corn, mottled
leavesof dry beans, narrow yellow
leavesinthenew growth of citrus,
and delayed maturity.

Zincdeficienciesaremainly found on
sandy soilslow in organic matter and
onorganic soils. They occur more
often during cold, wet spring weather
and arerelated to reduced root
growth and activity. Uptakeof Zn
decreaseswith increased soil pH, and
isadversely affected by highlevelsof
avallablePand Fein soils. Some
cropswhich aresusceptibleto Zn
deficiency arecorn, dry beans, |ettuce
andonions. Zincapplicationis
recommended for corngrownon
Colorado soilstestinglow (<1.5
ppm) inavailableZn.

Micronutrient sources
Micronutrient sourcesvary
congderably intheir physica state,
chemica reactivity, cost, and
avallability toplants. Themain
classesareinorganic products,
gynthetic chelatesand organic
complexes.

Inorganic sources include oxidesand
carbonatesand metallic saltssuch as
sulfates, chlorides, and nitrates. The
sulfatesare the most common of the
metdlicsdtsandaresoldin
crystalineor granular form. An
ammoniated ZnSO, solutionusualy is
appliedin polyphosphate starter
fertilizers. Oxidesof MnandZnare
also sometimes used asfine powders,
but their immedi ate effectivenessfor
cropsisrather low ingranular form.

Oxysulfatesareoxides, usualy
industria by-products, which have
been partidly acidulated with sulfuric
acid, and generally aresoldin
granular form. The percentage of
water-solubleMnor Znin oxysulfates
isdirectly related to the degree of
acidulation. Researchresultshave
shown that at least 35 to 50% of the
total Zningranular Zn-oxysulfates
should beinwater-solubleformto be
immediately effectivefor crops.
Similar resultswould be expected for
Mn-oxysulfate. Inorganic sources
usualy aretheleast costly sourcesper
unit of micronutrient, but they may not
awaysbethemost effectivefor
crops.

Synthetic chelates areformed by
combiningachdating agentwitha
metal through coordinate bonding.
Stahility of the metal-chelate bond
affectsavailability of themicronutrient
meta sto plants. Aneffectivechelate
isoneinwhichtherateof substitution
of thechelated micronutrient for other
cationsinthesoil isquitelow, thus
mai ntaining theapplied micronutrient
inchelated form.

Relative effectivenessfor crops per
unit of micronutrient as soil-applied
chelatesmay befromtwotofive
timesgreater than that of inorganic
sources, but chelate costs may befive
to 100timeshigher. Several chelates
aresold, sorelativeeffectiveness
values depend on the sources of
chelatesand inorganic products
compared.

Organic complexes aremade by
reacting metallic sdtswith some
organic by-products of thewood pulp
industry or other related industries.
Thetypesof chemica bonding of the

metal sto the organic componentsare
not well understood. Whileorganic
complexesarelesscostly per unit of
micronutrient, they usudly areless
effectivethan synthetic chelates. They
also aremorereadily decomposed by
microorganismsinsoil. These
sourcesaremore suitablefor foliar
spraysand mixing withsomefluid
fertilizers

Summary

Micronutrientsare asimportant asthe
primary and secondary nutrientsin
plant nutrition. However, theamounts
of micronutrientsrequiredfor
optimum crop yieldsaremuch lower.
Soil testsand plant analysesare
excellent diagnostic tool sto monitor
themicronutrient status of soilsand
crops. Visua deficiency symptomsof
thesenutrientsalso arewell
recognized in most economic crops.
Micronutrient recommendationsare
based on soil and plant tissue
analyses, the crop speciesand
expected yield, management leve,
and researchresults.

Becauserecommended ratesusualy
arelow, most micronutrientsare
appliedwith NPK fertilizers, but foliar
spraysaso arefrequently applied.
Choiceof micronutrient source
depends on the method of
application, compatability withthe
NPK fertilizer, convenience of
application, andthereative
agronomic effectivenessand cost per
unit of micronutrient.

John Mortvedt
Faculty Affiliate

Colorado State University
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Heavy Metals In Commercial Fertilizers

Risk assessments of the use of cadmium, lead, and arsenic in fertilizer

focus on public health and safety.

Most commercia phosphate,
potassium, and micronutrient fertilizers
originatefrom natural resources. The
JR. Smplot Company, for example,
hasamodern mining operation onthe
| daho/\MWyoming border fromwhich
weextract phosphorusore. Simplot’'s
minesitsat about 7000 feet in
elevation, but wasat onetimean
inland ocean. Sedimentsassociated
with thisbody of water had ahigh
concentration of phosphorusinthe
formof aminerd called apatite (dso
known asrock phosphate). The
ocean sediments (which arenow

rock) also contained small
concentrationsof other elements.
Some of theseelementsprovide
nutritionfor growing plantsand others
haveno nutritiona value (suchas
cadmium, lead, and arsenic). All of
theelementscontainedinthe
phosphorusfertilizer arealso
naturaly occurringinthesoil to
whichthefertilizersarebeing

applied.

Public concern over heavy
metasincommercid fertilizer
has decreased recently as

came about dueto popular articles
that werewrittento generateinterest
and public discussion. Much public
discussion, thousandsof dollars
spent, many hoursof deliberation and
new lawsinitiated have been thefina
resultsof thisinformation. | guessthe
guestionto ask is; Areweabetter
worldfor thetimeand exposure?
Maybeweare.

Thefertilizer industry ismoreclosely
monitored and thetotal amount of
nutrient (especially P) isrestricted to
agronomic rates (insomeareas).
Proposed lawsin Cdiforniahave
moved closer to accepting Risk-
Based Concentrationsfor theabove
mentioned e ementsthrough the
CaliforniaDept. of Food and
Agriculture(CDFA). TheU.S.EPA
hasalso conducted an extensive

understanding of thesedlements

hasimproved. Concernwith
public health, aswell as
environmental degradation, had
surfaced over the past few
years. Most of the concern

fertilizer risk assessment to provide

directionregarding additiona

regulationsof commercid fertilizers
relaiveto non-nutritiveelements.

They adapted assessmentsfor bio-

solidsused asasoil amendment and

cement kilndust used asan agriculture
limingmaterid. TheEPAwas
interested in NPK fertilizers, all
micronutrient fertilizers, and some soil
amendments. Ninemetalswere
evauated whichincluded arsenic,
cadmium, andlead. Itisinterestingto
notethat the EPA did not evaluate

Risk-Based Concentrations but asked

threeyesor no questions:

1) Arecommercidly available phos-
phate materialssafefor humansand
theenvironment?

2) Aremicronutrientssafe?and

3) AreNPK blendedfertilizerssafe?
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To answer these questions, the EPA
evaluated exposureroutesusingfarm
families(adultsand children) astheir
receptors. Theexposurerouteswere
asfollows:

+ Directingestion of fertilizer prod-
uctsduring gpplication

+ [ncidental consumption of ol

+ [nhalation of particlesor fertilizer
vaporsduring application

+ [ngestion of plant and animal
products produced on fertilized soil

+ Ingestion of fish from streams
adjacenttofertilizedfields

The EPA evauated hundreds of
commercidly available productsand
found only four materia sthat had
devated levelsof metalsabovean
accepted standard of concern. The
materia sof concernincluded one
liming materid, and oneeach of iron,
boron, and zinc micronutrient
fertilizers. Thestandard of concern
wasnot acancer risk, but listed asa
hazardindex. Thehazardindex
separates productsthat are” safe”

fromthosethat need further
evduation.

Two additional risk assessmentshave
a so been conducted eval uating heavy
metalscontainedinfertilizers. One
was conducted for The Fertilizer
Ingtitute and the other by the
CaliforniaDepartment of Food and
Agriculture (CDFA). Both of the
studieshad primary concernfor
public health and safety inassociation
with exposuretofertilizer materials.
The CDFA study not only looked at
exposureto humansfrom handling or
ingesting thefertilizer, but dso
evauated heavy metd uptakein
vegetabl e crops, root cropsand
grains. The CDFA study hasresulted
inanew regulationrestricting levelsof
arsenic, cadmium, andleadin
phosphate and micronutrient
fertilizers. Thenew regulationwill be
implemented in Cdiforniain 2002.

A moreinteresting study (froman
agronomic viewpoint) iscurrently
being conducted by Washington State
University under thedirection of Drs.

Call

Spring 2002
Colorado
Chemsweep

Colorado
Waste Agricultural Pesticide
Collection Program

Registration due by February 20, 2002.
1-888-242-4362 for more information.

Bob Stevensand Shiou Kuoand
other researchersin Washington.
Their study included the application of
both raw rock phosphate, treble
super phosphate (0-45-0) from two
sources, and azinc micronutrient
fertilizer. Thesefertilizer materids
wereapplied at both agronomic rates
and asmuch aseight timesagronomic
ratestofield plots, whichwere
planted to wheat or potatoes. The
primary goal wasto determinehow
fertilizer-loading rateswoul d impact
cadmiumand lead levelsof thesetwo
crops. At theend of the 2000 growing
season therewereno effectsonyield.

Cadmium and lead concentrations
increased in both the soil and the
potato tuber and wheet grainrelative
toincreased applicationrates.
However, even at thehighrate (8 x
agronomicrate), thetissue
concentration wasfar below any of
the Risk-Based Concentrations
established by EPA or CDFA. The
most interesting resultsfromtheir
work wererelativeto the use of raw
rock phosphate. Thismaterial
surprisingly decressed grainyiddin
thefirst year of thestudy. Unlessraw
rock Pistreated with sulfuric acid and
processed into 0-45-0itisdifficult for
crop P demandsto be met.

Resultsof several risk assessments, as
well asthe abovefied study and

other published research, have shown
that commercid fertilizersaresafe
when used at agronomic rates.

Terry Tindall
Manager of Agronomy
J.R. Smplot Co.



NOVEMBER-DECEMBER 2001 7

Is Copper In Dairy Footbaths A Problem
For Crops And Cows?

Copper sulfate used in dairy footbaths can lead to soil copper buildup.

Most dairiesin Colorado use copper
sulfatein foot bathsto control hoof
infections. After use, thefoot baths
areusualy channdedintothe
wastewater lagoonsaongwiththe
runoff water and flush water fromthe
milking parlors. Then, thelagoon
effluentisusualy appliedtoforage
cropsbeing grown to feed the cows.

Anarticlein Hoard’ sDairyman by
E.D. Thomasin July 2001 brought
thisissueto theforefront with specia
concernfor copper accumulationin
forage crops and subsequent toxicity
todairy cows.

Regulations

Atthistime, thereareno regulations
that pertain to copper applicationsto
cropsintheform of dairy effluent.
However, both the biosolidsand hog
regulationsrequireregular soil
sampling and analysisfor copper. In
addition, The Colorado Department
of Hedthand Environment limitsthe
annua and cumulative application of
metalsin biosolids, including copper.
Theannua limit for copper
applicationinthisformis67 Ibs/acre,
andthecumulativeor lifetimeloading
limitis1340 |bs copper per acre.
Officidly, theselimitationsdo not
apply todairies, unlessthey use
biosolids. However, thewisemilk
producer will pay attention to these
regulations as possible precedentsfor
dairy regulationinthefuture.

Copper quantities

We cdl cul ated typical copper usage
by Colorado dairiesand found a
range from about 1000 |bs Cu/year
up toover 10,000 IbsCu/year. This
ca culationisbased onthefollowing
information: 5-10 |bscopper sulfateis
dissolvedin 25 galonsof water,
copper sulfateis25% copper,
footbathshold 25-75 gallons of water
and are changed about ninetimes per
day and used two to threetimes per
week. S0is1000-10,000 Ibs Cu/yr
aproblem? Obvioudy, theanswer
will depend on how much acreagethe
effluentisspread on. If theeffluentis
all applied through one center pivot
onto 125 acres, thisisequivalent to 9
to 84 1bsCulyr. Thehighend of the
rangeisover thebiosolidsannual

loading limit, sothesevauesarehigh
enough to warrant further
consderation.

Toxicity tobacteriain lagoons
Thefirst potential hazard of the
copper could beto bacteriainthe
wastewater lagoons. Some copper
may re-preci pitate or settleout into
thelagoon dudge, thusreducing the
copper levelsintheeffluent itself.
However, effluent copper levelsmay
still betoxicto bacteria, and thisis
Important because most lagoonsare
sitesfor either aerobic or anaerobic
treatment of waste by bacteria. One
large Colorado dairy recently had
difficulty with low bacterid
populationsand determined that this
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was probably dueto the copper
sulfatefootbaths.

Toxicity tocrops

When copper isapplied to our soils, it
isstrongly bound to clay minerals.
Exchangeabl e copper isheld much
moretightly than other cations, andis
not readily availableto plants.
Organic matter al so binds copper, so
the more organic matter and clay that
asoil has, thegreater the potential for
copper adsorptionwill be. In
addition, increasing soil pH reduces
copper availability to plants, dlowing
greater soil copper accumulation
without subsequent plant toxicity in
our high pH soils. Becauseof its
strong binding, copper leachesvery
little, and accumulatesinthe soil
surface.

Copperisnot readily mobilein plants,
resulting in higher copper levelsin
rootsthaninshoots. Therefore,
copper toxicity oftenresultsin
decreased root growth and damage
toroot cell membranes. Researchers
havefoundthat highlevelsof calcium
can dleviate copper’stoxic effectson
membranes, whichisfortunatefor
Coloradoanswho generdly havehigh
soil calciumlevels. Copper toxicity
may asoinduceiron deficienciesor
generd chlorogisinplants.

Thereistremendousvariability in
plants ability totolerate high copper
levels. Ingenerd, alevel of 20-30
partsper million (ppm) intheleaves
may be consideredtoxic, but thisisa
broad generdity acrossall plant
speciesand should not be applied to
specific cropswithout additional
information. Someresearchershave

meet
Dwayne Westfall

DwayneWestfall isaProfessor
inthe Department of Soil and
Crop Sciences. Hisresearch
aressinclude soil fertility man-
agement, dryland cropping
systems management and preci-
sionagriculture. Heasoteaches
“Soil Fertility Management” and
acoursefor graduate students
“Presentation of Scientific
Information”. Dwaynegrew up
onapotato and small grainfarm
inldaho. Hereceived hisB.S.
degreefromthe University of
|daho and Ph.D. from Washing-
ton State University. Hehasheld

positionsat TexasA&M University,
Great Western Sugar Company and
worked for two yearsin Pakistan
on CSU’sOn-Farm Water Man-
agement Project. Hisfavorite
pastimeisspoiling his 10 grandchil-
dren and then turning them over to
their parents!

noted that legumes, such asafafa,
aremore sengtiveto copper toxicity
than grasses, so care should betaken
when growing dfafaon soilsthat
receive Cu-enriched effluent.

Toxicity to livestock
Themaximumtolerableleve of
copper indietsof |actating dairy cows
1S100 ppm, whiletheminimumis10
ppm. Therefore, when copper sulfate
isbeing used infootbathsand the
wasteischanneled to thelagoon and
appliedtoland, producers should
have copper andyzedintheir forages
beforefeeding them, aspart of their
normal foragetesting program. Be
awarethat other typesof livestock
havedifferent critica levels, for
example, 20 ppm copper can betoxic
to sheep.

Actionsto consider

+ Calculateyour copper useand land
applicationrate.

+ Congder aternativesto copper
sulfate (tetracyclineor more
soluble coppersthat dlow
lower copper userates).

+ Divert thefootbath water, soit does
not enter thelagoons.

+ Analyzethe copper content of
foragegrown onland that
receiveseffluent with copper
init. Monitor forage copper
levelsannually to seeif they
areincreasing.

+ Increasethe acreage of crops
receiving thelagoon effluent,
inorder to dilutethe copper
over morearea.

Jessica Davis and Bill Wailes
Extension Soilsand Dairy Specialists
Colorado State University



Is There Arsenic
In Your Drinking Water?
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Hot spots of arsenic exist in groundwater on the West Slope, San Luis Valley,

and northeastern Colorado.

Shortly after President George W.
Bush took office, he suspended one
of thelast actsof the Clinton
adminigration, atightening of the
federal stlandard for arseniclevelsin
drinking water. President Clinton had
lowered thefederal standard from 50
parts per billion (ppb) downto 10
ppb. InMarch, the EPA asked for a
study whichthe National Academy of
Sciences(NAS) completedin
September. Thisstudy concluded
that an arsenic standard of 10 ppb still
resultsinacancer risk (1in500) that
far exceedswhat EPA usualy
considersacceptable (1in 10,000).
These cancer risksare based on
consuming 2 liters(about eight 8 0z
glasses) of thiscontaminated water
source per day over alifetime.
Arsenicindrinking water isknownto
cause bladder, lung, and skin cancers.
On October 31, theBush
adminigtrationannouncedthat itis
adopting the 10 ppb standard, based
uponthe NASstudy. However,
some peoplearguethat theNAS
study supportsthe need for an even
lower standard of 3 ppbindrinking
water (alin 1,667 cancer risk).

Wheredoesit comefrom?
Arsenicisanaturaly occurring
dementinrocks, soils, andwater in
contact with them. Widespread high

8
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concentrationsof arsenicin
groundwater aregeneraly attributed
tonatural sources, such asdissolution
of rocksand minerals. However,
arsenicisused inmany industria
products. About 90% of industrial
arsenicisused asapesticideinwood
preservation. Arsenicisasousedin
mining, smelting, and someagricultura
uses, specifically, growth promotionin
swineand poultry. Theseusescould
asolead to pollution of groundwater.

Coloradolevels

TheU.S. Geologica Survey has
collected and andlyzed arsenicin
nearly 20,000 wellsacrossthe U.S.
(reported by Sarah J. Ryker inthe
November 2001 issue of Geotimes).
Ingenera, they found that the highest
groundwater arseniclevelsareinthe
western U.S. Specificaly, in
Colorado thereareafew hot spots
ontheWest Slopewherearsenic
levelsin groundwater exceed 50 ppb

(theold standard). Inaddition, there
areafew |ocationsin northeastern
Colorado andthe San LuisValley
wheregroundwater arseniclevels
exceed 10 ppb (the new standard).

In Colorado, only 18% of peoplerely
on groundwater for drinking water.
Most of these people arelocated
largely inthe Eastern plains, but an
increasing number of foothillsand
mountain homesrely on groundwater.
Nineteen of Colorado’s63 counties
rely dmost exclusvely on
groundwater for adrinking water
source.

TheU.S. Geologica Survey

devel oped county mapsthat show
county-by-county arsenic distribution.
Twenty-five percent of well samples
from Logan, Sedgwick, and
Saguache countieshad arsenic
concentrationsof at least 5 ppb.
Phillips, Alamosa, Rio Grande, Rio
Blanca, and Garfield had 25% of
samplesthat exceeded 3 ppb.

Community implications

Water systemsacrossthe country will
haveto bein compliancewiththe 10
ppb standard by 2006. Almost 97%
of the affected water systemsserve
fewer than 10,000 people each.
Therefore, many smal communities
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Arsenic

Continued from page 9

will be affected by the new standard.
Thesecommunitieswill beforced to
either upgradetheir water filtration
systemsor find dternativewater
supplies. Thischangesarelikely to
increasewater costsfor consumers,
whilereducing their cancer risk.

Homeownerswith privatewellsare
not regulated under water quality
standards. However, homeowners
who haveexcessvearseniclevesin
their water and do not filter their
water or find another water source,
will potentialy beputting their health
arisk.

Actionsto consider

If you get water from apublic water
system, ask for theresultsof their
arsenicanayss. If youdrink froma
privatewell, takeawater ssmpleand
haveit analyzed. You canthendecide
whether to purchaseahomefiltration
systemto removearsenic from your
drinking water.

Jessica Davis and Troy Bauder
Extension Soil and Water Quality Specialists
Colorado State University

meet
Kathy Corwin Doesken

Kathy Corwin Doeskenisthe
new research associatefor
JessicaDavis. Kathy started
October 15th, justintimeto
helpwithfal fieldwork. She
isagraduate of Colorado
State University, Department
of Soil and Crop Sciences,
andispleasedtoreturnto
work inthe department,
where somefolksremember
her. Sheisinterested in ol
fertility and nutrient resource
management. Kathy has
experienceteachingandis
looking forwardto bringing
together her interestsin educa
tionand agricultureasDavis
research assstant.

townonanoldfarm. Kathy hasbeen
involvedinsmdl-scaefarming, rasing
horses, and making lots of compost.

Sheismarried to Nolan, whois

asoemployed by CSU inthe Kathy fillsthe position vacated by

Kirk Iversen, wholeft CSU inAugust

Department of Atmospheric , .
Science. Kathy, Nolan, and tp takeaposition at Auburn Univer-
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Zinc Fertilizers, Is There A Difference?

Plant availability of zinc depends on water solubility of fertilizers.

Zinc (Zn) isoneof themicronutrients
required for plant growth and the
most common micronutrient that is
deficientin Colorado soils. Oneof
themain reasonsfor thisisthat our
soilsaregenerdly dkaineinpH and
containfreelime (CaCQ,), whichties
uptheZninunavailableforms. The
Znsendsitivecropsgrownin Colorado
include corn, sorghum, sudan,
sorghum X sudan hybrids, dry beans
and potatoes. These cropsrespond
toZnfertilizationif thesoil Znleves
arelow. Thenextlogicd questionis
“aremy soilslowinavailableZn?’ -
only asoil test cantell youthis. All
s0il testing laboratoriesoperatingin
thisregion can performthistest for
you. So, | get asoil test performed,
and sureenough, the soil testslow in
Zn! What'snext? Well, the
application of aZnfertilizer of course.
Thequestionwewouldliketo
addressis“aredl Znfertilizersequaly
effectiveincorrecting Zn
deficiencies?’. Inthemarket place,
disagreement existsregarding the
effectivenessof themany Znfertilizers
that arebeing sold.

Some peopl e question theimportance
of water solubility of agranular Zn
fertilizer anditsrelationshiptoZn
availability toplants. What iswater
solubility and why should it matter?
Water solubility indicateshow much
of thefertilizer will dissolveinwater.
Why doesit matter? Most nutrients
aretaken up fromthe soil solution by
theplant; therefore, if afertilizer will

not dissolveinthesoil solution, it will
probably not bean effectivefertilizer.

Solubility isrelated to the process
usedinfertilizer manufacturing and the
primary product used asaZn source.
Many Znfertilizersinthemarket
place are manufactured fromindustrial
by-productssuch aszinc oxide
(Zn0O). Unfortunately, ZnOisnot
water soluble and not an effectiveZn
fertilizer onour dkdinesoils. To
preparegranular Znfertilizer from
ZnO, itisreacted withsulfuricacid
(H,SO,) toimprovesolubility and
promotegranulation. Thefinal
product will beamixtureof ZnO, and
zincsulfate(ZnS0,). Zincsulfateis
essentially 100% water solubleand a
good Zn sourcefor plants. Themore
acidthat ZnOisreacted with, the
moreZnSO, that isformed, andthe
higher thewater solubility of thefina
fertilizer materid. Fertilizersthat are
mixturesof ZnOand ZnSO, are
cdled Znoxysulfates.

We conducted some studiesto
determineif the percent water
solubility of agranular Znfertilizerisa
measure of itsability to supply Znto
theplant. Cornplantsweregrownin
thegreenhouse onaZn-deficient soil.
Six Znfertilizer materidswere
evaluated ranging from 99.9% to
0.7% water solubility. Thefertilizers
included ZnSO, andfiveZn
oxysulfatefertilizersranginginwater
solubility from 98.3t0 0.7% water
solubility: Zn20(98.3%), Zn27

(66.4%), Zn40 (26.5%), ZnOXS
(11%), and ZnOS (0.7%). Thefirst
number isthetota Zn content of the
fertilizer and thenumber in parenthesis
isthewater solubility. TheZnSO,
contains 36% Zn and isabout 100%
water soluble. We useZnSO, asour
referenceto which we comparedl|
other fertilizers. Fertilizer ratesused
wereequivaent to 0 (contral), 5, 10
and20lb Zn/A. Plantswere
harvested about 6 weeks after
emergence. Previouswork has
shown that thereisno need to grow
corn plantsto maturity to evaluatethe
effectivenessof different fertilizer
sources, asresultswill besmilar to
thoseduring early growth stages.
Plant growth (dry matter production)
and Zn uptake were measured. We
only present the plant growth data
here.

Zinc-deficiency symptomswere
observed on the corn plantsgrown
withthetwo fertilizerswiththelowest
water solubility, ZnOxS (11%) and
ZnOS(0.7%). Thesesymptoms
wereevident asearly as5 daysafter
emergence. Pronounced bands of
chlorosisappeared ontheleaves,
starting near theleaf whorl and
extending uptheleaf. Thesebands
turned whitewith time. Asplant
growth progressed, Zn-deficiency
symptomsalso occurred withthe
Zn40(26.5%). Plantsfertilized with
thesethree materidlswerestunted in
growth. Sight Zndeficiencieswere
also observed with Zn27 (66.4%),
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but thereductionin plant growth
wasvery smal.

Thedry matter production for the
variousZnfertilizersisshownin
Figure 1. Based onthe plant
growth response, three groups of
Znfertilizer materidswere
identified: (i) ZnOS(0.7%)
resulted in no sgnificant growth
increasewith Znapplication (Fig.
1), (i) Zn40 (26.5%) and ZnOxS
(11%) resulted inasmall increase
incorngrowthasZnrate

Dry matter (g/pot)

——27ZnS0O4
—=-27n20
—¥—Zn27
——Zn40
—&ZnOxS
——27n0S

increased and (iii) ZnSO, (99.9%),
Zn20 (98.3%), and Zn27 (66.4%) 0 5 10
al increased growth substantialy.
Thevery low agronomic
effectivenessof ZnOS (0.7%),
ZnOxS (11%), and Zn40 (26.5%)
isrelated to their lower water
solubilitiesand theinability of these
fertilizerstoreleaseZntothe

plant. Theapplicationof high
ratesof Znfromfertilizers
containing low water solubleZn
did not satisfy the plant’sneeds.

application rates and sources.

soluble Zn decreased: ZnSO, (99.9%) >
Zn20 (98.3%) > Zn27 (66.4%) > Zn40
(26.5%) > ZnOxS (11%) >ZnOS
(0.7%). Highcorrelationswerefound
between water solubility of Zninthe
fertilizer material and plant response. We
concludethat granular Znfertilizers
should havewater-solubleZn levelsof at
least 50% to beeffectivein supplying
adequate Zn levelsfor the current crop.
Knowingthetota Zn content of a
fertilizer isnot enoughto determinewhich
fertilizer you should use. Youneedto
know the degree of water solubility of
granular Znfertilizersbeforeyou
purchasethem. Ask your fertilizer dealer
for thisinformationand if thewater
solubility isnot at least 50%, usea
different materia that satisfiesthis
requirement.

A Znapplicationrateof 51b/A
wassufficient to maximizedry
matter productionwhen Znwas
applied asZn20 (98.3%), Zn27
(66.4%), and ZnSO, (99.9%). In
fact, nosgnificant differences
were observed between 5 as
comparedto10and 20 1b Zn/A.
In contrast, Zn40 (26.5%)
required 20 1b/A to obtain
optimum dry matter production
(Fig. 1). Thisclearly showsthat
water solubility of granular Zn

fertilizer wasrdlated to availability.
Do these greenhouseresultsapply to

field conditions?

Many people ask thisquestion. Under
somecircumstancestheanswer isNO.
However, when agreenhousestudy is

Conclusions

Theagronomic effectivenessof the
gx granular Znfertilizersstudied
decreased asthe percent water-

15 20 25
Zn applied (Ib/A)

Figure 1. Corn dry matter production as affected by Zn fertilizer

used to evauatetheavailability of
micronutrientsto plantstheresultsare
directly applicabletofield conditions.
Infact, many researchershave
reported that “if amicronutrient
doesn’t dothejobinthe greenhouse,
itwon’'twork inthefield”. The
reason isthat in agreenhouse study
plant rootsare confined to asmall
volumeascontrastedto avery large
rooting volumethat occursinthefield.
Thisresultsinamuch higher dengity
of rootsinthesoil inthegreenhouse
and agreater chancefor theplant’'s
rootsto comein contact with the
fertilizer granule, or itsdiffusion zone.
Consequently, thisisan advantageto
fertilizersthat havealow water
solubility. SO, if afertilizer doesn’t
work inthe greenhouse, it won't
work under field conditions!

Dwayne Westfall and Bill Gangloff
Professor and Research Associate
Colorado State University



Zinc Application Methods

Band or starter applications of zinc are best.

Theprimary methodsof applying zinc
(Zn) fertilizer to beansare broadcast,
banding, and foliar sprays. Each
method has advantagesand
disadvantages. A Znfertilizer canbe
blendedinto other fertilizersbeing
broadcast. Whilethisisrapid and
convenient, broadcasting zinc hasnot
produced cons stent responses, even
onlow-testing soils. Many Colorado
soilshavehigh Zn-fixing capecity. In
other words, much of thezinc applied
reactswith other soil minerasand
becomesunavailableto plants.
Avallability isreduced further if soil
conditions, such ascompaction,
restrict root growth.

Banding concentratesZnintheroot
zone, improvesthe probability of root
contact, and reducesfixation.

Greater efficiency of band
applicationsmeansthat lower rates
can be used to get the same crop
response. Broadcast applications
usudly call for 5-101bsZn/acrewhile
1-5IbsZn/acreisadequatefor
banded application. Research studies
comparing band and broadcast
applicationsof Zn have demonstrated
more cons stent responsesto banding
than to broadcasting. 1n some cases,
banding has produced crop responses
evenonhigh-Znsoils.

Foliar gpplicationsareusudly usedto
correct an unanticipated deficiency
that occursduring thegrowing
season. A water-solublefertilizer
suchasaZncheateor Znsulfateis
dissolved inwater and applied at
about 0.5t0 1.0lbsZn/acrein
enough water to wet foliage, about
20-30 gal of solution per acre.
Repeated applicationsare often
necessary to maintain healthy plants
whensoilsaredeficientinavailable
Zn.

A discussion of Zn gpplication ondry
beans should includethe use of starter
fertilizers. Starter fertilizershavebeen
showntoimproveearly growth and
development of many crops. In
Colorado, dry beansare often
plantedinto cold, high-pH, low
organic matter soils. Compactionis
often present. Under these
conditions, early plant growthand
devel opment are dow and many
nutrients, especialy Zn, areless
avaladle.

Yield potential of beansisestablished
during early vegetativegrowth.
Flower cellsarebeing formed at this
time. Stressduring thisformative
period reducesthe number of flower
cellsthat areformed and thereby
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reducesyield potential. By applying
Zninadarter fertilizer, early
vegetativegrowth isincreased, the
photosynthetic factory isgreater, and
yield potentia increases.

Whilegtartersare not commonly used
on beans, Wyoming research has
demongtrated significant profit
opportunitieswith theuse of starters.
Aslittleas11bZn/acreinastarter
containing N and Pwaseffectivein
producing an additional 130 1bsbean
yied/acre, hastening maturity by two
days, and increasing profit by more
than $20/acre over astarter
containingonly NandP. This
responsewas observed on soilswith
very high soil Zn. Beawarethat
starters should not be placed in direct
contact with bean seed. Beansare
very sengtiveto salts, and stand loss
will result from seed-placed fertilizer.

Band or starter application of Znon
beansin Coloradoishighly
recommended if soil pH ishigh, N
and/or Psupply ishigh, soil
compactionispresent, or yield
potential ishigh. Theadvantages
outweightheinconvenience.

Alan Blaylock
Senior Agronomist
AgriumU.S. Inc.
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Dry Bean Response To Zinc

Foliar application on irrigated dry beans in southwestern Colorado increased

yield in one out of two years.

Dry beanisanimportant cropin
Colorado. Itranksfifthinacreage
andtotal valuein Colorado and fourth
intheU.S. inproduction. In
southwestern Colorado, dry beanis
produced mostly under dryland
conditionsbut much higher yieldscan
be achieved with supplemental
irrigation. Mot agricultura soilsin
southwestern Colorado have
relatively high pH (7.0t08.0) and are
low in organic matter and available P
High pH and low organic matter are
among thefactorsthat favor the
development of Zndeficiency. Zinc
deficiency causeschlorosisinbean
plantsand can delay maturity and
reduce seedyield.

Khan and Soltanpour (Khan, A., and
P.N. Soltanpour. 1978. Factors
associated with Zn chlorosisin
dryland beans. Agron. J. 70: 1022-
1026) attributed chlorosisindryland
dry bean in southwestern Colorado to
highsoil P/Znratioand ahigh
incidenceof root rot disease. The
chlorotic bean plantswere Situated
lower onthed opethan thegreen
plants, which led theauthorsto
speculate that the higher il
moisturein lower areas
may haveincreased P

1% Zn solution removed chlorosis
andincreased beanyield by 18to
92%, but not up totheyield leve of
thehedthy plants. Thedifferencein
yield between the green plantsand
those sprayed with Zn wasattributed
tothehigher incidenceof root rotin
thechlorotic plants. Root rot resistant
pinto bean varietieshave been
released since 1981 and are now
widely growninsouthwestern
Colorado.

A field experiment wasinitiated in
1999 to determinetheeffect of Zn
application rate and method on
irrigated pintobeanyieldin
southwestern Colorado. ‘Bill Z’
pinto bean wasplantedin early June
at approximately 22 seedsm?in
1999 and 2000 at the Southwestern
Colorado Research Center at Yellow
Jacket, CO. A second variety,
‘Poncho’ wasincluded inthe 2000
experiment. Thesoil typewas
Wetherill sty clay loam. Zincsulfate
was broadcast shortly beforeplanting
beansin bothyearsat 5and 10 1bs
Zn/acreand incorporated into the soil
withafield cultivator. Foliar spray of

Table 1. Soil testresults

a 7% zinc sulfate solution was made
at the samerateswith a3-mboom
sprayer four tofiveweeks after

planting.

Bean seed yieldwasmuch higherin
2000 (2936 Ibsg/acre) thanin 1999
(2120 1bg/acre), probably dueto
better irrigation water managementin
2000. No symptomsof zinc
deficiency werevisiblebeforeor after
thefoliar spray inany of the
treatmentsin 1999 or 2000.
However, afoliar application of 51bs
Zn/acreresultedinsgnificantly higher
Bill Z seedyieldin 1999 compared to
the control (over 500 |bs/acre more).
The broadcast treatmentshad no
yiddeffectin 1999. Zinc application
rate or method did not affect Bill Z or
Poncho seed yieldin 2000. Future
sudieswill includeshdlower soil
sampling and acloselook at soil
spatial variability sncechlorossoften
occursin patchesinbeanfieldsin

southwestern Colorado.
Abdel Berrada
Research Scientist
Southwestern Col orado Research Center
Jessica Davis
Extension Soil Specialist
Colorado State University

availability. Soil Znlevel

Soil Zn (ppm)
was about the same, 0.5 pH oM AB-DTPA Mehiich-3
ppmintheareaswith 1999 7.2 1.0 % 0.3 31
greenor chlorotic bean 2000 7.5 1.1% 0.6 20

plants. Sprayingthe
chlorotic plantswitha



NOVEMBER-DECEMBER 2001 15

Phosphorus And Zinc Interaction

Banding high rates of P can induce Zn deficiency in high pH soil.

Phosphorusand zinc areessential
nutrientsfor plant growth. Unfortu-
nately, these nutrients can act an-
tagonigticaly with oneancther in
certain circumstances. Thisantago-
nistic reactionisknow to causeyield
reductionsin many crops.

Yield reductionsdueto thisinteraction
are caused by either phosphorusor
zincdeficiencies. Deficienciestypi-
cally occur when anutrient ispresent
inshort supply. Inthiscase, the
nutrientispresentinmargind to
normd levels, but theantagonizing
nutrientispresentinsuchalarge
quantity that it forcesadeficiency of
theother. 1n other words, excessive
phosphorus can cause zinc to become
deficientinplant tissue. Similarly,
excessivezinc can cause phosphorus
deficiency, however, thisphenomenon
isvery rare.

The mechanism of this phosphorus-
zincinteraction occursprimarily inthe
plant root, rather thaninthesoil, as
many people suppose. Excessive
concentrationsof phosphorusinthe
plant root tesultinthe binding of zinc
withinroot cells. Thezinc becomes
part of the“fabric” of theroot and,
therefore, becomesunavailablefor
transport to leafves, whereitis
needed for norma plant growth.

Phosphorus-induced zinc deficiencies
aremore common than zin-induced
phosphorusdeficiencies. Thisis
becauseit ismuch more commonfor
growersto apply substantial amounts

Location Soil Boron Soil Organic Matter Soil Texture
(ppm) (%)
Yellow Jacket 0.4 1.1 silty clay loam
Holyoke 0.2 1.2 sandy loam
Center 0.1 1.0 gravelly sandy loam

of phosphorusfertilizer ascompared
tozincfertilizer.

Zinc deficiency caused by excessive

phosphorus can occur if:

+ Zinc concentrationsinthe soil are
low, especiadly inhigh pH
and/or calcareous (excess
lime) soil, and

+ Highratesof phosphorusfertilizer
areapplied.

A phosphorus-induced zinc deficiency
isuncommoninsoilsthat smply have
ahigh soil-test phosphoruslevel. In
fact, these deficienciesoccur just as
readily in soilswithlow soil-test
phosphoruslevels. Inother words,
thisphenomenonismorerelated to
theamount of fertilizer applied for the
current season rather thanthelevel
dready presentinthesoil.

Themethod of phosphorusfertilizer
application asoimpactsthelikelihood
of inducing azinc deficiency. Con-
centrated bands of phosphorus
fertilizer tendtoinducezinc deficien-
ciesmore commonly than broadcast
applications. Theprobability of
creating azinc deficiency increasesas
therate of phosphorusinthe band
increases.

Producersapplying substantial

amountsof manureoften ask if the
very highlevelsof phosphorusinthe
manure could induceas znc defi-
ciency. Althoughitistruethat manure
containsalargeamount of phospho-
rus, it also containsorganically-
complexed zinc, which hel psto
prevent the deficienciesfrom occur-

ring.

Themanureeffect and research on
thisinteraction demonstrate how to
prevent phosphorusinduced zinc
deficiencies:

+ Base phosphorusfertilizer rateson
prudent soil-test
recommendations.

+ Apply amoderate amount of zincif
choosing to apply excessive
ratesphosphorusfertilizer,
especially when band applied.

+ Includeasmall amount of zinc
(<1.51b/acre) in phosphorus-
based starter mixes,
especidly if thezinc
concentrationislow or
marginal based on soil-test
data.

+ Donot apply zincfertilzier if soil-
testzinclevel isabove
margind levelsand dll
phosphorusisbeing applied
viabroadcast methods.

Bryan Hopkins

Potato Cropping Systems Scientist
University of Idaho
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Managing Iron Chlorosis In Corn

Ferrous sulfate in the seedrow increased yield of susceptible and tolerant

hybrids.

Some soilsof thewestern plainsand
inter-mountain west have chemical
and physical characteristicsthat cause
irondeficiency incorn. Affected corn
plantstypically arestunted and have
yelow (chlorotic) leaveswithveins
that remain somewhat green, resulting
inastriped appearance. The severity
of thesymptomsvariesfromyear to
year depending onthewesther;
symptomsusually areworsein cool
andwet conditions. Mildyellowing
may disappear when theweather
turnswarmer and drier, but moderate
to severeyiddreductionsareusualy
theresult when chlorosispersistsfor
theentiregrowing season.

Wedon't know exactly why certain
soilscauseiron chlorosisto develop,
whileother soilswithsmilar
characteristicsproduce healthy corn.
Soil testsfor iron (DTPA or AB-
DTPA) do not always show low Fe
levels, which complicatesprediction
of the problem. Affected soilsdo
typicaly havehighpH (7.8 or higher)
and containfreelime(calcium
carbonate). High sodium, poor
drainage, low organic matter and high
phosphorus have a so been
implicated. Insome casesthe
problemliesinthe subsoil (16-24
inches deep) rather thaninthe plow
layer. Whatever thecause, iron

avallability (not necessarily ironlevels
per se) inthesesoilsisvery low. Asa
result, itisusudly ineffectivetotry to
correct the problem by broadcasting
ironfertilizers. Applying soil
amendmentsto modify soil pHis
usually not an economical option,
ether.

Themost commonly recommended
approachistheuseof chlorosis-
tolerant corn hybrids. Genetic
tolerancelevelsvary greatly from
hybrid to hybrid, and most seed
companiescan provideinformationon
each hybrid'slevel of resstance. In
many cases, use of tolerant hybrids

Table 2. Results from Nebraska small plot study showing effects of
seed-row applied iron fertilizer on corn yield (average of 3 years).

Fertilizer Source Application Rate . Hybrid
Susceptible Tolerant
(Ibs FeSO47H20 per acre) —— grain yield, bushels per acre

Check 24C 122 B
liquid 50-75 117 B 156 A
dry FeSO4e7H20 50 133 AB 157 A
dry FeSO4e7H20 100 146 A 169 A
dry FeSO4e7H20 150 143 A 157 A

A, B, C Treatments with acommon letter are not significantly different

within hybrid type (p<0.05).



will providean acceptableleve of
correction, but yield-limiting chloross
will still developinthemost severe
soils. Inthesecases, either foliar or
seed-row applicationsof iron may be
beneficid.

A commonly recommended approach
for foliar applicationisto apply a1%
solution of ferroussulfate
heptahydrate (FeSO,+7H,0O) every 7
to 10 daysbeginningwhen chlorosis
first becomesevident and ending
when emerging leavesarenolonger
chlorotic. Ironchelatesareaso
water solubleand produce similar
resultsto theferrous sulfatewithout
therisk of burning theleaves, but
chelatesare consderably more
expensvethanferroussulfate. When
theseguidelinesarefollowed, foliar
gpplicationsareusudly effective, but
economical yieldincreasesmay not
occur if applicationsaremadetoo late
or if they arenot repeated at the
recommendedintervals.

Recent research at the University of
NebraskaWest Central Research and
Extension Center was conducted to
evaluate asecond option for applying
iron. Inthisstudy, ironfertilizer
placed inthe seed row consistently
increased cornyield comparedto an
untreated check. Banding the
fertilizer protectsit from beingtied up
by the soil, and the seed-row
placement enablesthe small roots of
the corn seedling to accesstheiron
early inthegrowing season. Dry

ferroussulfate applied at arate of 50
to 100 pounds per acre (at a cost of
$8.50 to $17.00 per acre) wasthe
most effectivetreatment evaluated,
but chelated iron (FEEDDHA at 2.5
to 4 pounds per acre) and alower
solubility iron sesquioxide (from
AgriumU.S. Inc. applied at arate of
200 pounds per acre) a so produced
smdler, but sgnificant yieldincreases.
Seed-row appliedironfertilizer
produced substantia yield increases
with both chlorosis-susceptibleand
chlorosis-tolerant corn hybrids (Table
1). Theyield benefit varied from year
to year astheweather influenced
chlorosisseverity, but apostive
responsewas observedin every year.

Some producersand agronomists
may behesitant to placefertilizer
materidsindirect contact withthe
seed at theserdatively high
application ratesbecause of therisk
of salt damageto emerging seedlings.
Thisconcern appearsto be
unwarranted asthe Nebraskaresults
showed no evidence of stand
reduction, except in 2 of 5years
whenferroussulfatewasapplied at a
rate of 150 pounds per acre. No
stand reduction was observed at
application ratesof 100 pounds per
acreor less.

Whilethedry iron materialsarevery
effective, many producersfed they
arelessconvenient thanliquids.
Chelatediron canbedissolvedin
water and applied asaliquid, but this
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isprobably not economical duetothe
high cost of chelates. A liquid
formulation of ferroussulfateisnot
currently availablecommercidly, and
becausethe solubility of ferroussulfate
limitsthe concentration of aliquid
formulationto 5% iron, asuitable
commercia product may not be
forthcoming. A5%ironsolution,
madeby dissolving ferroussulfatein
water, waseva uated in the Nebraska
research. Whileit waseffectivein
both small andlargeplot trids, its
performancedid not equal that of the
dry ferrous sulfate, probably because
thelow solubility limited thetotal
amount of ironthat could be applied
per acre.

Chlorossdevelopmentisusudly
spotty and, whilethe severity of
chlorosisvariesfromyear toyear, the
location of theseareaswithinafield
usudly remainsconsistent. Thus, the
most economical approachto
managingirondeficiency chlorossin
thesefieldsmay beto apply fertilizer
materialsonly tothoseareasinthe
fieddwherechlorossisacons stent
problem. Researchisnow being
conducted to evaluatethissite-specific
approach onaproduction scale.

Bart Stevens

Extension Soils Specialist

University of Wyoming, Powell Research and
Extension Center

Powell, WY

Gary Hergert

Director

West Central Research and Extension Center
University of Nebraska

North Platte, NE
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Boron Fertilization Of Potatoes And Alfalfa

Even on sandy soils with low B levels, no yield or quality responses

were found.

Boronisan essential plant nutrient for
all crops. It playsimportant rolesin
cdl wall synthesis, sugar transport,
and seed production. Alfdfais
considered to beacropwithahigh B
requirement, while potatoesrequire
lower B levels.

Boron deficienciesarefound most
ofteninsandy soils, withlow organic
matter contents, and high soil pH
levels. Deficiency symptomsindfafa
aredescribed as“yellow-top.” The
younger leavesturnyellow or red
between theveins, rosetting devel ops
dueto shortened stems, and, ulti-
mately, thetermina buddies. In
potatoes, symptomsincludediscol-
oration and death of thetermind
buds, stubby roots, short internodes,
and bud and flower drop.

Weinitiated severd studiesfrom
1997-1999 to evaluate the impact of
B applicationonirrigated dfdfayield
and onyield and quality of two potato
cultivars. We sought out soilswith
low B levels, low organic matter
levels, and coarsetexturesand settled
onthreelocations. onein southwest-
ern Colorado near Yellow Jacket
(dfdfa), onein northeastern Colorado
inthesandhillsnear Holyoke (alfalfa),
andonegravelly soil intheSanLuis
Valley near Center (potatoes). Each
study sitewaseva uated for two
years. Soil propertiesaregiven
below.

Thedfafavarietieswere Pioneer
5454 at Holyoke and Archer at
Yellow Jacket. Two potato cultivars
were evaluated: Russet Norkotah and
Russet Nugget. Solubor™ was
applied pre-plant to potatoesat 0, 1,
and 2 IbsB/acre. Foliar application
of Solubor™ wasmadeto dfafain
April atratesof 0,0.5, 1, 2, and 4 |bs
Blacre.

Therewasno significantimpact of B
fertilizer gpplicationondfafayiedfor
any of thecuttingsin any of thefour
site-years. Therewasalsono
significantimpact on potatoyield
(total or components), specific
gravity, agronomic characteristics,
qudity traits, or diseaseratingsin
either of thetwo Site-years.

Why werethere no yield responsesto
B fertilizationonlow B soilsinthis
study? Arethereother B sourcesto
consider? Let'stakealook at the
potential for irrigationwater and
subsoil to supply B to crops.

Perhapstheirrigation water is
supplying the necessary B to crops.
A survey of 92 wellsin northeastern
Colorado revealed an average of
0.52 ppm B intheirrigation water,
with arangefrom 0.03t0 2.30 ppm
B. Based on 30inches (2.5 ft) of
consumptivewater useby alfalfa, 0.3
ppm B inirrigation water would
provideafafa srequired 21bsB/A

(2.5acre-feet of water x 2.7 million
Ibswater/acre-foot x 0.3 ppm B =
2.0lbsB/acre). Therefore, irrigation
water may be providing the necessary
B, thus preventing aresponseto B
fertilizer, evenonsoilstestinglowin
avallableB.

However, theB level intheirrigation
water at both Yellow Jacket and
Center wasonly 0.02 ppm
(equivaent to 0.1 Ibs B/acre-foot of
water), alevel low enough to suspect
that aB fertilizer responsecould
occur. Could subsoil B besupplying
the B need for thecropsgrownin
theselocations? Thisisapossbility in
thesoil a Yellow Jacket; however, the
shdlow gravelly soilsof theSan Luis
Valley or the deep sands of
northeastern Colorado don’'t have
much potentid for subsoil storage of
B.

Atthispoint, no confirmed B
deficiencieshaveever been
documentedin Colorado. Therefore,
CSU doesnot recommend B
fertilization evenonsoilstestinglow in
avalableB.

Jessica Davis, Susie Thompson, Abdel
Berrada, Ron Meyer, and John Mortvedt
Extension Soil Specialist, Research Scientist,
Extension Agronomist, and Faculty Affiliate
Colorado Sate University, San Luis Valley
Research Center, Golden Plains Area,
Colorado State University
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Sulfur Fertilization Of Dryland Winter Wheat

Sulfur increased yield when soil pH was high and OM was low.

Inthe 1980’s, CSU researchers
Hunter Follett and Dwayne Westfall
studied sulfur fertilization of winter
whest at 15 | ocationsthroughout
eastern Colorado. Fertilizer treat-
mentswereinjected about four inches
deep at 12-inch spacingsasliquid
ammonium thiosulfate about two
weekshbeforeplanting. Thenitrogen
and phosphorus applicationswere
uniformacrosstheplots. Threeof the
fifteenlocationshad significantyield
responses. However, the average soil
sulfatelevelsintheresponsivesites
washigher thantheaveragelevel in
thenon-responsivesites.

Many wheat farmersapply sulfur with
their pre-plant nitrogen and phospho-

rusapplications. Oftenthe stated
purpose of the SistoreducepH in
thefertilizer band (thusincreasingthe
availability of B, Zn, and Fe), not
necessarily to supply Sasanutrient.
A closer look at the Follett and
Westfall dataset revealsthat theyield
responseisrelated to the soil pH at
the 15 study sites. Oneof there-
sponsivesiteshad alow pH (6.6), but
sulfur decreasedyidld significantly at
thissite. Theother two responsive
steshadyiedincreasesdueto S
fertilization, and both had soil pH
levelsof 7.5 or greater.

However, thereweretwo other sites
with pH of 7.5 or greater which did
not respond to Sfertilization. Other

Table 3. Wheat yield response to sulfur fertilization.

research hasshown that Sfertilizer
responsesare morelikely tooccur in
soilswith low organic matter contents.
Thisprincipleholdstrueinthiscaseas
well. Thetwo siteswithpositiveyield
response of 3-4 bu/acre both had sail
pH levels> 7.5 and soil organic
matter levels< 1.5%. Therefore, S
fertilization hasthe best chance of
increasing yield when soil pH > 7.5
and soil OM < 1.5%. Besureto
consider the cost of theadditional
fertilizer when making your Sfertiliza-
tiondecisons.

Jessica Davis
Extension Soil Scientist
Colorado State University

Soil pH Yield Response Details

<7.0 1/5 responsive sites Theresponsive site had a
negative yield response.

7.0-7.4 0/6 responsive sites --

> 7.5 2/4 responsive sites Theresponsive sites had

soilOM < 1.5 %, and the
non-responsive sites had
soilOM = 2.0 %.
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web pages

http://www.epa.gov/epaoswer/hazwaste/recycle/fertiliz/risk/
EPA report on heavy metasinfertilizers.

http://animalscience-extension.tamu.edu/publications/13281133-ashoof.htm
Information onfoot disordersindairy cattle (TexasA&M University).

http://co.water.usgs.gov/trace/arsenic/
USGSreport and maps on arsenicin groundwater.

http://www.nrdc.org/water/drinking/qarsenic.asp
Frequently asked questions (and answers) on arsenicindrinking water (Natural Resources Defense Council).

http://www.back-to-basics.net/
Current soil fertility information from | M C and the Potash and Phosphate | nstitute.

http://Awww.ext.colostate.edu/pubs/crops/pubcrop.html
Colorado State University soil and fertilizer factsheet no. 0.545 Zinc and iron deficiencies.
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