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AVAILABILITY OF ORGANIC AND INORGANIC Zn FERTILIZERS

W.J. Gangloff, D.G. Westfall, G.A. Peterson, and J.J. Mortvedt

ABSTRACT

Zinc aulfae (ZnSO;) haes
traditiondly been the "rdigble’ source
of Zn fertilizer but other sources of Zn
ae d avalable Some are derived
from indudrid by-products, varying
from flue dust reacted with sulfuric acid
to organic compounds derived from the
paper industry. The degree of Zn
avalability in Zn sources derived from
these various by-products is related to
the manufacturing process, the source of
complexing or cheating agents (organic
sources), and the origind product used
as the Zn source. Many clams are made
regading the rdaive efficency of
traditional inorganic Zn fetilizers and
complexed Zn sources. The objective of
this greenhouse study was to determine
the avalability coeffidents of severd
commercd Zn  fetilizr  maenids
(organic  and inorganic) which ae
commonly used to correct  Zn
deficiencies in soils.  We evaduated the
dry matter production, tota Zn uptake,
and Zn concentration in corn plants
fatilized with dx diffeent commercid
Zn fetilizas  The sources included
three granular inorganic Zn sources, two
granular  organicdly complexed Zn
sources, and liquid ZnEDTA. The soil
was low in avaladle Zn (AB-DTPA Zn
= 0.48 mg kg'!) and limed to a pH of 7.2.
The Zn fertilizers were added to 5 kg
pots at rates equivaent to 0, 0.5, 1, 2, 4,
and 8 1b Zn A1 (0, 0.21, 0.42, 0.84, 1.68,
and 336 mg zZn kg' of woil). The
ZnLignosulfonate, ZnSO,4, and ZnEDTA
were dways the mogt effective materids
in supplying the plants needs.  The
rlaive avalability coeffidents (RAC)

of these three materids ranged from 70
to 100%, depending on plant parameter
measured. The ZnOxysulfate, with 55%
water solubility, aso peformed wdl
with a RAC from 48 to 69%. The lower
water soluble materids (ZnOxysulfate,
26% water soluble and ZnSucrate, 1%
water soluble) were least effective with
RAC vdues ranging from —12 to 25%.
When compaing al sources, water
Olubility was the primay factor
governing the peformance of Zn
fertilizers High water olubility is
required if a Zn fertilizer is going to be
effective in meding the plants Zn
needs. Zinc ions tha are reacted with an
organic complexing agent does not
guarantee the reaulting fetilizer  will
perform like a true chdae and have a
high plant avaldbility. If the end
product is not highly weater soluble it
will be very inefficdent in supplying Zn
to the plant. These results confirm our
previous research where we concluded
that a Zn fertilizer must be from 40-50%
water soluble to be an effective Zn
source.

INTRODUCTION

Zinc (Zn) is an  esentid
micronutrient for norma crop growth
and Zn deficiencies can severdy impair
crop growth and decrease yidlds. The
potentid for Zn deficiencies is greatest
in soils with low organic matter contents
and pH levels greater than 7.0. In these
gtuations, Zn dedicencies ae easly
corrected by agoplying highly  water-
sluble granular Zn fatilizers (Amrani
et a., 1997 and 1999). Zinc sulfate has



traditiondly been the "rdigble’ source
of Zn fertilizer but other sources of Zn
ae dso avalable Some are derived
from indudrid by-products, varying
from flue dust reacted with sulfuric acid
to organic compounds derived from the
paper industry.  The degree of Zn
avaldaility in Zn sources mede from
these various by-products is related to
the manufacturing process, the source of
complexing or cheating agents (organic
sources), and the origina product used
asthe Zn source.

Many clams are made regarding
the rddive efficency of organic vs
inorganic Zn sources.  Producers of
organic sources generdly cdam a 10:1
advantage of organic  sources Vs
inorganic sources (zinc sulfate) to satisfy
the agronomic demand (i.e. 1 Ib of Zn
per acre from an organic source will give
as much plant response as 10 |b of Zn A
! from zinc sulfae). However, this
cdam is disputed by researchers as well
as other fertilizer producers. Most
ressarch has found that there is
goproximately a 3:1 to 5:1 advantage for
ZNEDTA, a “trug’ organic chdate
(Hergert et da., 1984 and Mortvedt,
1979).

True chelates are compounds
containing ligands that can combine with
a sngle metd ion (eg. Zn') to form a
well defined, rdaivdy dable cydic
dructure cdled a chdation complex
(Mortvedt et d., 1999). These properties
ae paticulaly important and useful in
agriculturd regions with badc (i.e, high
pH) and/lor cacareous soils which
routindy test low in plant-avalable Zn.
In the chdated form, metd ions are less
likdy to reect with and be immohilized
by the soil and are more likdy to be
“delivered” to the plant root.

Some products ae cdled
“organic chdaes’ but ae actudly
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organicdly complexed Zn  sources.
Organic complexes, sometimes cdled
“organic chelates’, ae formed by
reecting metdlic <dts with various
organic, indudrid by-products (e.g by-
products of the wood pulp industry). In
some cases, clams are made that organic
complexes have grester Zn avalability
than inorganic Zn sdts and require lower
goplication rates to saify plant needs.
The dructure of these by-products is not
well defined (hence the term complexes)
and there is no evidence that the
resulting product has true cheae
dructure or propertties. Mortvedt et d.
(1999) reported that these products may
be less ddble in the soil than true
chelates. The agronomic effectiveness
of these complexes varies gredatly
depending on source,  manufacturing
process, etc. The effectiveness of these
complexed Zn sources rdative to
inorganic Zn sources has not been fully
investigated.

Mogt solid Zn fertilizers now are
aoplied to soil in granular form so they
can be blended with other granular
products and agpplied with todays
equipment. Powdered Zn sources are
dusty and will segregate from the other
granular components of blends. Because
granular fertilizer particles have a much
lower gpecific surface than powdered
products, the degree of water-solubility
has a much greater effect on dissolution
and plant avalability of the applied Zn.
Results by Amrani et d. (1997 and
1999) and Mortvedt (1992) showed that
a least 40-50% of the totd Zn in
granular fertilizers should be in water-
soluble form to be effective for the
immediate crop.

Confusion exigs in the
marketplace and unsubgtantiated claims
ae beng made regarding the efficacy of
vaious organic and complexed Zn



fertilizer products. Therefore, it is
important to evauate the effectiveness
of some dases of Zn fetilizars to
correct Zn deficiencies.  The objective of
this greenhouse study was to determine
the rddive avalability coefficients
(RAC) of severd granular, commercid
Zn fetlizr materids (organic  and
inorganic) which are commonly used to
correct Zn deficiencies in soils low in
plant available Zn.

MATERIALSAND METHODS

Soil from the A horizon of a
loamy sand soil classfied as a loamy,
mixed, mesc aenic Udoallic Heplargid
was used in this sudy. Sdlected
chemicd and physcd characterisics of
this soil are presented in Table 1. The
0l was chosen because it was naturaly
low in avalable Zn (AB-DTPA Zn =
048 mg kg'). The ol initidly had a
pH of 5.2 and was limed to a pH of 7.2
by adding 760 mg CaCOs kg soil™. Zinc
fertilizer was added to each pot at rates
equivalent to 0, 0.5, 1, 2, 4, and 8 Ib Zn
Al (0, 0.21, 0.42, 0.84, 1.68, and 3.36
mg Zn kg! of soil) in this greenhouse
experiment. The experiment was
aranged in a randomized block design
with four replications. Each pot was
lined with a cdean plagic bag and
contained 5 kg of soil.

The granular Zn materids were
placed in the center of each pot 2.5 cm
below the seed. We used the fertilizer
sourcesin the physica condition found
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in fetilizw bags s the evdudion
conditions were dmilar to those in
commercid  agriculture, Fertilizer
materids were not ground or dtered
except a the two lowest Zn gpplication
rates in order to accurately weigh the
minute quantities of fetilizer materid.
A liquid ZnEDTA source was included
in this dudy to provide a “trueé’ Zn
chelate fetilizr  comparison  with
organicdly complexed and inorganic Zn
fertilizers

We planted five corn seeds (ea
mays, L.; cv P3752) in each pot, and
after 10 days we thinned the pots to 3
plants  each. Supplementa plant
nutrients were mixed with the soil as
reagent grade materids prior to planting
as follows. 283 mg N pot™ and 625 mg
P pot! (moncammonium phosphate),
625 mg K pot™? (K2S04), and 12 mg Fe
pot! (FEEDDHA). We added three
additional N applications of 130 mg N
pot! each as NH4sNO; as a solution
applied to the soil surface of each pot at
13, 24, and 33 days after planting. Pots
were watered regularly with deionized
water to bring the soil to approximatey
90% of fidd capacity (15% water by
weight).

Forty-four days after planting,
we havested the &bove-ground corn
forage. All samples were dried a 60°C
for 4 days After weighing and grinding
samples to pass 05 mm deve we
digested a 1 g portion for Zn andyss by
inductively-coupled plasma (ICP) using
a modified nitric acd digesion by
Ippolito and Barbarick (1999).

Table 1. Selected physical and chemical characteristics of the soil (beforeliming) used in this study.

Paste AB-DTPA
pH EC OM P NO,-N K Zn Fe Mn Cu
mmhoscm® 04— mg kgt
5.2* 0.5 0.8 8.3 84 210 0.48 26 15 1.3

*pH was adjusted to 7.2 before the start of the experiment.



Description of Zinc Fertilizers

ZnNEDTA:
ZnEDTA is a liquid Zn fertilizer
(9% totd Zn) which is often
added to tanks during fluid
fatilizer formulaion.  ZnEDTA
is 100% water-soluble Zn.

ZnSO4:
Zinc sulfale monohydrate is
produced by adding sulfuric acid
to ZnO (Zn oxide) followed by
dehydration to form ZnSO4AH,0.
Our source contained 35% tota
Zn and 98% water-soluble Zn.

ZnOx26 and ZnOXx55:

Zinc oxysulfae is formed by
adding H.SO4 to Zn feedstocks.
These feedstocks are commonly
ZnO indudrid byproducts. The
solubllity of thee fetilizer
materids is vaiable and s
related to the amount of H,SO4
added during the manufacturing
process. Our two sources
contained 38 and 27% totd Zn
and 26 and 55% of the totad Zn as
water-soluble  Zn,  respectively.
The fird zinc oxysulfae will be
cdled ZnOx26 and the second
ZnOx55 throughout this paper.

Zn3uc:
Zinc sucrate is a complexed
organic Zn fertilizer whichis
formed by reacting sucrose-type
materids (e.g. cane sugar
molasses) with ZnO. Our source
was 38% total Zn and <1%
water-soluble Zn.

ZnLigno:
Zinc lignosulfonateisa
complexed organic Zn fertilizer
which isformed by reacting
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ZnS0O, with lignin wastes
produced by the paper industry.
Our source contained 10% total
Zn and 91% of thetota Zn as
water-soluble Zn.

RESULTS
Dry Matter Production

Zinc defidency symptoms and
visud differences in biomass production
were gpparent within 22 days of planting
(Photos 1 and 2). Dry matter production
a harvest as a function of Zn rate and
source, is shown in Figure 1. Yield data
for dl sources and rates are given in
Table 2 and the datigdica andyss is
shown in Table 3. Dry matter
production was dgnificantly different
anong the different fertilizer sources
Except for the ZnSuc source, the 2 Ib Zn
Al rate for dl Zn sources increased dry
matter production 4 to 23% over the
control pots. At the highest Zn rate (8
lb Zn A1) dry matter production was
increased 9 to 21% by dl Zn sources,
with the exception of ZnSuc, when
compared with the control trestment.

Ovedl, ZnSO,4, ZnLigno, and
ZnEDTA produced the largest increases
in dry matter production (15-21%) when
compared to the control. ZnOx26 and
ZnOx55 peformed magindly wel and
increased dry matter production by 9%.
ZnSuc was the poorest performer and
only increased dry matter production by
4% at the 8 Ib Zn A rate, which was not
sgnificantly different than the check.

Linear regresson andyss was
performed on dry matter production as a
function of application rate (Figure 1).
All regresson equations were
datidicaly sgnificant, indicating
sgnificant increasesin dry matter
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ZnS0y ZnLigno Zn3uc ZnOx26 ZnOx55

Photo 1. Twenty-two days after planting all treatmentsthat received 2 |b of Zn/acre, with the
exception of ZnSO, and ZnEDTA(not shown), displayed Zn deficiency symptoms.

Photo 2. Zinc deficiency symptomson corn 22 days after planting.



TECHNICAL BULLETIN (TB) 00-1

Photo 3. ZnEDTA (0.5
Ib of Zn/acre), and Zn
Lignosulfonate (0.5 b
of Zn/acre). Forty-one

days after planting.

ZNEDTA ZnLigno

Photo 4. Zn Sucrate (8
Ib of Zn/acre), and
ZnSO, (4 1b of
Znlacre). Forty-one

days after planting.

ZnSuc ZnS0Oy
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Photo 5. ZnEDTA (0.5
Ib of Zn/acre), and
ZnS0, (4 1b of
Znlacre). Forty-one

days after planting.

ZnEDTA ZnS0y

Photo 6. Zn
Lignosulfonate (0.5 Ib of
Znlacre) and ZnSO, (4 1b
of Zn/acre). Forty-one

days after planting.

ZnLigno ZnS0y
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Table2. Corn dry matter production, Zn concentration, and Zn uptake as influenced by Zn rate and sour ce.

Dry matter production | Zn concentration | Zn uptake
. Zn rate Lb/A
znfetilizer Mo T 1] 2 ] a] 8 Jos] 1] 2] 4] 8 los] 11 21 2 s

gpot™ mg kg™ mg pot ™
ZnEDTA 16.1| 150 | 154 162 | 161 | 10.2 | 139 | 178 | 254 | 37.6 | 0.164 | 0.207 | 0.274 | 0.411 | 0.606
ZnS0O, 144 149 | 148 150 16.7 | 9.1 8.9 99| 11.3( 151 ] 0.132| 0.132 | 0.146 | 0.168 | 0.251
ZnLigno 142 | 148| 17.0| 16,7 159 | 91 | 95 | 101 | 116 | 146 | 0.130 | 0.240 | 0.147 | 0.192 | 0.232
ZnOx26 146 | 143 | 143 148 151 ]| 116 | 95 | 10.0| 95 87 | 0171] 0.135| 0.143 | 0.140| 0.131
ZnOx55 13.0| 13.0| 146 165 151 ]| 105 | 9.7 9.2 | 102 124 ] 0.138 | 0.126 | 0.134 | 0.169 | 0.187
ZnSuc 13.1| 130 | 13.6| 136 144 | 9.7 8.8 8.3 | 106 106 | 0.127 | 0.114 | 0.113 | 0.144 | 0.152

LSDy 1 (within
sources) 2.2 1.2 1.8 1.8 1.71 13 14 0.9 18 25 | 0.035| 0.021 | 0.032 | 0.024 | 0.052
Check (Olbzn/A)| 13.8 9.3 0.129

production as Zn applicetion rate

increased, with the exception of the

ZnSuc  treatments. The regresson
equation for ZnSuc was not ggnificant
indicating this materiad did not increase
dry meatter production a the rates
evauaed as compared to the control
treatment. Overdl, ZnSuc and ZnOx26
showed a poor relationship between Zn
rae and dry matter production. The
remaning Zn maeids  ggnificantly
increased dry matter production relative
to the control trestment.

Homogeneity of regresson
coefficients was andyzed wusng the
technique described by Gomez and
Gomez (1984) and results are presented
in Table 4. This shows how the sources
performed relative to each other for dry
matter production. The ZnLigno,

ZnEDTA, ZnS0O4, and ZnOx55
performed equdly well. The ZnLigno
performed better than ZnOx26.
However, the ZnOx26 materia
performed as wdll astheremaning Zn
sources. ZnSuc was outperformed by
ZnLigno, ZnS0,, and ZNEDTA, but did
not differ from ZnOx26 and ZnOX55.

Zinc Concentration

Zinc concentrationsin the corn
tissue a harvest were Sgnificantly
affected by Zn source and rate (Figure 2;
Tables2 and 3). At the Zn application
rate of 21b Zn A%, plant concentrations
of Zn ranged from 8-18 ppm with ZnSuc
and ZnEDTA, respectively. TheZn
concentration for the 8 1b Zn A
application rate ranged from 9 to 38 ppm

Table 3. Analysis of variance evaluating the interactions of

Zn sources and rates.

Variable Dry matter | Zn concentration|  Zn uptake
--------------- Probability -
Zn sources <0.000 <0.000 <0.000
Rate <0.000 <0.000 <0.000
Zn source x rate 0.499 <0.000 <0.000
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Figure 1. Regression of corn dry matter production, as affected by Zn
source and rate.
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Figure2. Regression of Zn concentration (mg/kg) in corn dry matter, as
affected by Zn source and rate.
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Figure 3. Regression of Zn uptake (mg/pot) by corn dry matter,
as affected by Zn sourceand rate.




depending on Zn source. Overdl,
ZnEDTA was the mogt effective source

of Zn when Zn concentration in plant
tissueis used asthe criteria. Thisis
expected Snce ZNnEDTA isa“true’

metal chelate that is 100% water-soluble
and whose behavior in the ol
environment has been described and
shown to be very effective & ddivering
Zn to the plant root.

Linear regresson andyds on Zn
concentration reveded that dl equations
were ddidicdly sgnificant, with  the
exception of the ZnOx26 source (Figure
2). Based on the analyss of the
homogeneity of the regresson
coefficients we can place the fertilizer
materids into 3 categories (i) ZnEDTA

goplication  resulted in the largest
concentrations of Zn in the plant
materid; (i) 2ZnSO, and  Znligno

goplications resulted in Imilar increases
in plant Zn concentrations athough both
were lower than ZnEDTA; and (iii) the
remaning maerids which resulted in
moderate to low incresses in plant Zn
concentration and the increases were
dgnificatly lower than those in
categoriesi, and ii (Table 4).

Zinc Uptake

Zinc upteke results were very
gmilar to those for Zn concentration
(Figure 3; Table 3). ZNEDTA
goplication resulted in the highet Zn
uptake rates. The ZnSO, and ZnLigno
peformed gmilaly, but had uptake
vaues lower than ZnEDTA. The
remaning sources had Zn uptake vaues
thaa were dgnificatly lower than
ZnEDTA, ZnSO,, and ZnLigno. Smilar
conclusons were reported by Amrani et
a. (1997 and 1999) and Mortvedt
(1992). They concluded that Zn
avalability is dependent on water-

10
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Olubility levds of Zn in  granda
fetilizr materias. Granular  sources
with low water-solubility do not supply
enough Zn to the soil solution to meet
the plant needs. The totd Zn content of
a granular Zn materid is not an adequate
edimate of its performance.

Relative Availability Coefficients
(RAC)

The principles to determine the
effective quantity or avalability of a
nutrient in a fetilizer source were
established by Black and Scott (1956).
Smply described, avaldility a, is a
function of the quantity of the nutrient Xx,
and the availability coefficient 8. This is
represented as the equation:

Equation 1. a=8(X)

The numericd vdue of the availability
coefficient cannot be determined, but the
raios among the rdaive avalability
coefficients of nutrient sources under

gmilar conditions can be compared (i.e.
the dopes of the regresson lines can be
compared). A dgmilar technique was
used by Boawn (1973) to compare zinc
aulfate and zinc EDTA fertilizers.

Table 5 summarizes the reldive
avalability coefficients (RAC) for each
Zn source for dry matter production, Zn
concentration, and Zn uptake. The RAC

is calculated by equation 2:
Slope of
Equation2. RAC% = materia in question
Reference slope

x 100
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Table 4. Analysis of homogeneity of regression coefficients (alpha=0.1). An equal sign (=) indicates there was

no significant difference between the two regression coefficients. An x indicatesthe coefficientswere
significantly different.

Dry matter production |
% % S. % % S
O T N )
ZnLigno | = = = X X
ZnEDTA = = = X
ZnS0, = = X
ZnOx55 = =
ZnOx26 =
ZnSuc
Zn concentration |
< v < <
B % % % % Y
ZnLigno X = X X X
ZnEDTA X X X X
ZnsO, X X X
ZnOx55 X =
ZnOx26 X
ZnSuc
Zn uptake |
E T - N
% 9 B B B Y
ZnLigno X = X X X
ZnEDTA X X X X
ZnSO, X X X
ZnOx55 X X
ZnOx26 =
ZnSuc

11



The following example will demondrate
how the Zn RAC vdues were
determined for dry matter production:

1. When determining the RAC
vaues, the materid with the
greatest dope will dways
have aRAC vaue of 100%.

2. ldentify the reference dope.
Inthis case, ZnLigno had a
dope of 0.438.

3. Choose the Zn materid in
question and then insert the
two dopesinto Equation 2.
For example, ZnSO,4 had a
dope of 0.338. Therefore,
the RAC of ZnSO, was
(0.338, 0.438) x 100 = 77%.

Although the coefficients
displayed in Table 5 ae rdaive as
determined in this experiment, the RAC
cdculaion is a vduadle tool to
normalize the data and dlow us to make
meaningful comparisons among  sources
over the entire gpplication range. The
RAC vdues for ZnLigno, ZnSOy4, and
ZnEDTA were 100, 77, and 70% for dry
metter  production (Table 5), and
ZnOx55 had a RAC of 60%. This
means that the ZnSO, and ZNEDTA
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were 77% and 70%, respectively, as
effective as ZnLigno in producing dry
metter. However, to determine if these
vdues ae dgnificatly different, you
must refer to Table 4. The homogeneity
of regresson anayss (Table 4) showed
that ZnOx55 performed as wel as the
other three Zn sources cited above.

These four sources dl have water-
solubilities >50% of the totd Zn. The
ZnOx26 and ZnSuc had RAC vaues of
37 and 14%, respectively, and did not
perform as well as the other sources with
respect to dry matter production. This is
not surprisng sSnce both of these
materids have low water-solubilities of
Zn.

The RAC for ZnEDTA was
much higher than the other Zn sources
for concentration and upteke. Overdl,
the ZnEDTA treatments had Zn
concentration or Zn upteke vaues
goproximady 5 times higher than the
other trestments. Boawn (1973) found
Zn upteke and concentration values 2 to
25 times higher in ZnEDTA treatments
compared to ZnSO,. Schulte and Wash
(1982) found ZnNEDTA to be
goproximately five times more effective
than ZnSO, in supplying Zn to the plant.
Therefore, dthough the Zn
concentrationsin the plant materid
appear to be high, the literature isin

Table5. Relative availability coefficients (RAC), as determined by the slope of the
regression equation for dry matter production, Zn concentration, and uptake.

Dry matter Zn concentration Zn uptake
Zn Fertilizer
dope | RAC% | dope | RAC% | RAC%* | dope | RAC% | RAC%*

ZnEDTA 0.306 70 3.640 100 - 0.0615 100 -
ZnSO, 0.338 77 0.687 19 100 0.0143 23 100
ZnLigno 0.438 100 0.646 18 94 0.0134 22 A
ZnOx26 0.160 37 -0.085 2 -12 0.0002 0.5 1
ZnOx55 0.263 60 0.343 9 50 0.0077 12 48
ZnSuc 0.062 14 0.173 5 25 0.0030 5 21

* RAC valuesin this column are based on ZnSO, as the reference slope.

12



agreement with our observations. A
possble explanation for the high Zn
concentrations from the ZNEDTA source
may be luxury consumption (i.e the
plant absorbs more Zn than is necessary
a the current growth stage). Since
ZnEDTA outperformed al other sources

0 grealy for Zn concentration and
uptake, the next most effective materid
(ZnSO,) was used as the “reference
source’ to cadculate RAC vaues for
concentration and uptake.

The RAC vaues for ZnSO4 and
ZnLigno were 100 and 94%
respectively.  Both sources were very
effective in supplying Zn to the plant
and supporting plant growth (Table 5).
The ZnOx55 had a RAC of 48% and was
ggnificantly lower thean 2ZnSO, and
ZnLigno. The ZnOx26 and ZnSuc were
not effective in supplying Zn to the plant
and had RAC vadues of 1 and 21%
respectively. These maerids have low
Zn water-olubility.

The RAC vdues for Zn uptake
were dmilar to Zn concentration vaues.
ZnSO, and ZnLigno had RAC vaues of
94 and 100%. The ZnOx55 was
moderatdly effective a ddivering Zn to
the plant and had a RAC of 48% when
compared to ZnSO, (Tables 4 and 5).
Agan, the low water-soluble materids,
ZnOx26 and ZnSuc, were both
ineffective.

13
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CONCLUSIONS
Water-solubility is the primary
factor that  affects Zn  uptake

andavallability, not totd Zn content or
organic complexation in granular  Zn
fertilizes.  Amrani @ d. (1997 and
1999) concluded that a 50% water-
soluble Zn source was required to be
effective, and Mortvedt (1992)

concluded that 40% is required. Plants
fatilized with low water-soluble Zn
sources (i.e. ZnSuc [<1% water-solubleg],
and ZnOx26 [26% water-soluble]) hed
reduced dry matter production, Zn
concentration, and Zn uptake vaues, as
compared with the higher water-soluble
Zn sources (ZNEDTA, ZnSO4, Znligno,
and ZnOx55). The highly water-soluble
Zn sources dso had higher RAC vdues
when compared to the low water-
olubility materids (.e. ZnOx26 and
ZnSuc). The Zn uptake and
concentretion  results  followed smilar
trends except the plants were able to
utilize sbdantidly more  Zn  from
ZnEDTA, rdative to the other granular
Zn sources, which was probably due to
[uxury consumption.

When consdering dl parameters
measured and the visud symptoms
observed, the Zn sources evauated can
be separated into three groups. The
ZnEDTA, ZnLigno, and ZnSO, were
dways vey effident in supplying Zn to
the plants. ~ The ZnOx55 was less
effective, but seemed to supply enough
Zn to meet the crops needs, but Zn
deficiency symptoms were vishle at 22
days after planting (Photos 1 and 2).
The ZnOx26 and ZnSuc were rdatively
ineffective in supplying Zn to the plant.
These results confirm the need for high
Zn water-solubility (>40-50%) of the Zn



source to be an effective Zn fertilizer on
dkdine soils.

Complexed Zn sources did not
perform as well as a true Zn chdate (i.e.
ZnEDTA) with  respect to Zn
concentration and uptake; athough the
highly water-soluble ZnLigno, ZnSO,,
and ZnEDTA wee efective in
producing dry matter (Photos 3 and 4,
Table 4). Zinc upteke was greater for
ZNEDTA compared to the complexed Zn
sources (i.e. ZnSuc and ZnLigno; Table
4).  Micronutrients can be complexed
with other “complexing agents’ than
those described in this paper. However,
regardless of the “complexing agent” the
most important factor to consder is the
resulting water-solubility of the
micronutrient product.  The results of
this study have shown that just because a
micronutrient is reacted with an organic
complexing agent, it does not bestow
chelate characterisics on the resulting
product.

True chelates are typicdly more
effective a ddivering micronutrients to

the plant root.  The result of this
increased  effectiveness  is  reduced
goplication rate requirements.  Results

from previous work, as well as those of
the current study, suggest thet ZNnEDTA
can be 2 to 5 times more effective a
deivering Zn to the plant compared to
the other water-soluble sources we
dudied. The organic complexes used in
this experiment were not more effective
than inorganic ZnSO;.  When RAC
vdues of ZnSO, and ZnLigno ae
compared there is little evidence to
suggest that any more than a 1.1
effectiveness ratio exists between these
two sources (Tables 4 and 5). The other
organic complex, ZnSuc, performed
poorly compared to all other Zn sources.
The ZnSuc source has a low Zn water-
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solubility (<0.5%) and its effectiveness
wasminimdl.

Photo 5 is a visud comparison of
ZnEDTA 05 Ib A' and ZnSO;, 4 1b A?
(i.e. 1:8 Zn ratio). Based on this photo
and the results presented in this sudy it
is clear tha ZnEDTA, a true metd
cheate, is more effective a ddivering
Zn to the plant. Photo 6 compares
ZnLigno with ZnSO, a a 1.8 rdio.
Visud observetion, daidicd andyss,
and RAC edimation confirm that the
complexed Zn sources do not perform
gmilaly to chdaes and ZnLigno is
equally as effective as ZnSO,.
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