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Effects of Zinc Fertilization of Corn on Hatching of
Heterodera glycines in Soil’

J. E. Berm,? G. L. Tvika,? T. L. NiBLack,®> W. J. WiEBoLD,? AND P. A. DoNALD®

Abstract: Experiments were conducted to determine the effects of zinc fertilizers on hatching and
soil population densities of Heterodera glycines. In vitro egg hatching in solutions of reagent-grade zinc
sulfate and zinc chloride and fertilizer-grade zinc sulfate was significantly greater than hatching in
deionized water, whereas zinc chelate fertilizer significantly inhibited egg hatching relative to deion-
ized water. In greenhouse experiments, no differences in cumulative percentage egg hatch were
detected in soil naturally infested with H. glycines amended with fertilizer-grade zinc sulfate and zinc
chelate at rates equivalent to 0, 1.12, 11.2, and 112 kg Zn/ha and subsequently planted with corn (Zea
mays L.). In a field experiment, no significant differences in H. glycines egg population densities and
corn yields were detected among plots fertilized with 0, 11.2, and 22.4 kg Zn/ha rates of zinc chelate.
Yields of H. glycines-susceptible soybean planted in plots 1 year after zinc fertilization of corn plots
also were not significantly affected. Zinc compounds significantly affected H. glycines egg hatching in
vitro, but had no effect on hatching in natural soils.
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Soybean cyst nematode, Heterodera gly-
cines Ichinohe, is a major pathogen of soy-
bean, Glycine max (L.) Merrill, and is known
to infest soil in most soybean-production
areas worldwide (9). First discovered in the
United States in North Carolina in 1954
(17), H. glycines has since become the most
damaging soybean pathogen in the United
States (6,12).

Rotation to nonhost crops is one of the
most commonly employed tactics for H.
glycines management in infested fields. As
obligate parasites, hatched second-stage
juveniles (J2) that fail to locate a suscepti-
ble host die without completion of their
life cycle. Corn (Zea mays L.) is the most
commonly grown nonhost crop in the Mid-
west, but 1 year of corn in the corn-
soybean rotation typically used in much of
the Midwest often has been ineffective at
reducing H. glycines soil population densi-
ties substantially (T. Niblack, G. Tylka, un-
pub. data).
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Zinc cations, in solution, can stimulate
the in vitro hatching of several cyst nema-
tode species, including H. glycines (4,13).
However, there are no published reports
of zinc-stimulated hatching under field
conditions. Stimulated hatching of H. gly-
cines by zinc when a nonhost crop is grown
would be advantageous for managing H.
glycines in infested fields by decreasing egg
population densities. Zinc fertilizer also
may increase corn grain yield (2,8,11,16),
which would make this management tactic
economically attractive for growers. The
purpose of our research was to investigate
the effects of zinc fertilization of corn on
soil population densities of H. glycines.

MATERIALS AND METHODS

In vitro experiments: Solutions of 3.0 mM
Zn were made by dissolving 1.61 g re-
agent-grade zinc sulfate (22.74% zinc),
0.77 g reagent-grade zinc chloride
(47.97% zinc), 2.62 g zinc chelate fertilizer
(Sequestrene, 14.14% zinc, Ciba-Geigy,
Greensboro, NC), or 1.19 g zinc sulfate
fertilizer (31 Plus Zinc Sulfate, 31.00%
zinc, Cozinco Sales, Denver, CO) each in 1
liter of deionized water previously ad-
justed to pH 7 with 1.0 M HCl and 1.0 M
KOH. Also included was a deionized water
control treatment with pH 7. Heterodera
glycines race 3 was cultured on ‘Corsoy 79’
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soybean in greenhouse pots, and eggs were
obtained by dislodging females and cysts
from roots of 28-day-old plants with a
stream of water. Females and cysts were
recovered on a 250-pm-pore sieve nested
below a 830-pm-pore sieve and separated
from root and soil debris by centrifugal
flotation (7). Eggs were released from the
females and cysts by crushing suspensions
of the nematodes in water with a motor-
ized pestle (10) and were collected on a
25-pm-pore sieve nested under a 75-pm-
pore sieve. The eggs were surface disin-
fested in 0.5% chlorhexidine diacetate
(hibitane) solution (1) for 15 minutes.
Microsieves were constructed of 38-pm-
pore Nitex (Tetko, Lancaster, NY) mono-
filament screen suspended between 18-
mm-d and 20-mm-d cylinders made from
polypropylene test tube caps with the ends
removed (15). Approximately 6,500 sur-
face-disinfested eggs were placed into each
microsieve and then placed in a hatching
tray containing 12 ml of a treatment solu-
tion. Hatching trays were arranged in 20-
cm-wide X 27-cm-long X 9.5-cm-deep
polystyrene boxes in a randomized com-
plete block design with five replications.
The boxes were incubated in the dark at
25 C = 2 C. Microsieves were transferred
to new hatching trays with fresh treatment
solutions every 2 days for 30 days.
Hatched ]2 were counted by direct micro-
scopic observation. At the end of the ex-
periment, the eggs and J2 remaining in the
microsieves were counted, and the num-
bers of unhatched eggs were added to the
accumulated totals of hatched J2 to deter-
mine the total numbers of eggs that had
been originally placed in the microsieves.
Total numbers of eggs in the microsieves
were used to convert J2 numbers to cumu-
lative percentage hatch values for all treat-
ments at each sampling date. Percentage
egg hatch data were subjected to analysis
of variance (ANOVA), followed by Fisher’s
least significant difference (LSD) test if sig-
nificant (P < 0.05) treatment effects were
detected (5). The statistical software PC/
SAS (SAS Institute, Cary, NC) was used

for all statistical analyses. This experiment
was conducted twice.

Greenhouse experiments: Thirty-five 25-
cm-d, 23-cm-deep, 11-liter-capacity plastic
pots were filled with soil collected from a
field infested with H. glycines race 1. The
soil was a Webster clay loam (33.8% sand,
32.8% silt, 33.4% clay, 4.3% organic mat-
ter, pH 6.0, 27.6 meq cation exchange ca-
pacity) with 5.4 pg/ml diethylenetriamine-
pentaacetic acid (DTPA)-extractable Zn.
Zinc sulfate or zinc chelate fertilizer was
thoroughly mixed into each pot in
amounts equivalent to rates of 1.12, 11.2,
or 112 kg Zn/ha. The zinc fertilizer treat-
ments and an untreated control (seven
treatments) were assigned to individual
pots in a randomized complete block de-
sign with five replications. Four kernels of
‘LH119xLH51’ corn were planted in each
pot and thinned to one plant per pot 7
days later. Soil samples, consisting of five
2.5-cm-d, 20-cm-deep cores, were col-
lected from each, pot before fertilizer ap-
plication and at 7, 14, 21, 28, and 60 days
after planting. Heterodera glycines cysts and
J2 were separated from 100-cm? aliquants
of soil by elutriation (3) and were recov-
ered on 250-pm-pore and 38-pm-pore
sieves, respectively. The J2 were separated
from sediments by centrifugal flotation (7)
and counted. Eggs were extracted from
cysts with a motorized pestle, recovered on
a 25-pm-pore sieve, and stained with acid
fuchsin (10) to facilitate counting. Egg and
J2 densities were used to calculate cumu-
lative percentage egg hatch for each sam-
pling date and reproductive factors (Rf =
final egg and J2 densities/initial egg and J2
densities) for each pot. Soil samples col-
lected before and 7, 28, and 60 days after
fertilizer application were analyzed for
DTPA-extractable zinc by Belmond Labs,
Belmond, Iowa. Data were subjected to a
two-way ANOVA, followed by single-
degree-of-freedom comparisons where ap-
propriate (5). The experiment was con-
ducted twice.

Field experiments: In 1992 and 1993, field
plots were established on the Bradford Re-
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search Center near Columbia, Missouri.
Plots were 7.6 m long and four rows wide;
row width was 75 cm. Soil type in both
years was a Mexico silt loam (9% sand,
69.8% silt, 8.6% clay, 2.4% organic matter,
pH 7.0, 21.2 meq cation exchange capac-
ity), and the soil contained a concentration
of 0.3 to 0.4 pg/ml DTPA-extractable Zn.
The experimental design was a random-
ized complete block with five replications
per treatment. Treatments were 0, 11.2,
and 22.4 kg Zn/ha rates of zinc chelate fer-
tilizer. The zinc fertilizer (Claw-El, 9.0%
zinc, Brandt Chemical, Pleasant Plains, IL)
was applied to appropriate plots by inject-
ing solutions of zinc chelate dissolved in 16
liters of tap water into the area where the
previous crop row had been planted; ap-
plicator chisel spacing was 75 cm. In both
years, the previous crop was H. glycines-
susceptible ‘Williams 82’ soybean.

No more than 2 days after application of
zinc, corn (‘Pioneer 3379°) was planted at a
rate of 57,600 kernels/ha without addi-
tional tillage. Planting dates were 1 June
1992 and 25 May 1993. Weed control was
accomplished with a preplant application
of glyphosate (1.8 kg a.i./ha) and a
preemergence application of atrazine
(1.35 kg a.i/ha) and metolachlor (2.24 kg
a.i/ha). Before planting, 224 kg/ha N was
applied as top-dressed ammonium nitrate;
no phosphorus or potassium was applied.

Soil samples, consisting of 10 2.5-cm-d,
20-cm-deep soil cores, were collected from
the center two rows of each plot 7 days
after planting and harvest. Soil cores were
combined and mixed, H. glycines cysts were
extracted from 100-cm® subsamples of
each sample, and eggs were extracted
from cysts and counted as described for
the greenhouse experiments. At maturity,
plots were end-trimmed to 6.1 m and the
middle two rows of each four-row plot
were mechanically harvested. Corn yield
was adjusted to 15% moisture.

To determine whether zinc fertilization
of corn plots infested with H. glycines af-
fected yield of a subsequent soybean crop,
the H. glycines-susceptible soybean cultivar

‘Pioneer 9391’ was planted on 24 May
1993 without tillage into the previous corn
rows within each corn plot used in 1992.
Seeding rate was 360,000 seeds/ha. No ni-
trogen, phosphorus, or potassium fertil-
izer was applied. The plots were end-
trimmed to 6.1 m long, and the middle two
rows of each four-row plot were mechani-
cally harvested at maturity. Soybean yields
were adjusted to 13% moisture.

Data were subjected to ANOVA, and
zinc effects were evaluated with single-
degree-of-freedom contrasts (5). Yield
data were analyzed untransformed, but H.
glycines egg densities were transformed to
log,o (n + 1) before analyses.

REsULTS

Results were similar for both repetitions
of the in vitro and greenhouse hatch ex-
periments. Data from one repetition of
each experiment are presented.

In vitro experiments: Most of the hatching
in the deionized water and zinc chelate
treatments occurred within the first 14
days of the experiment (Fig. 1). Maximum
hatch in deionized water was 26.8%,
whereas maximum hatch in reagent-grade
zinc sulfate and zinc chloride was 64.3 and
46.5%, respectively. Hatching in both re-
agent-grade zinc solutions was higher (P <
0.05) than hatching in deionized water be-
ginning on day 12; however, hatching in
zinc chloride was lower (P < 0.05) than
hatching in zinc sulfate. Egg hatch in the
commercial zinc sulfate fertilizer treat-
ment was 63.5% at the end of the experi-
ment. Maximum egg hatch in zinc chelate
was 17.7%, which was less (P < 0.05) than
hatching in all other treatments including
the deionized water control. In the second
experiment, the zinc chelate treatment
elicited the least amount of hatching, but
was not different from the deionized water
treatment.

Greenhouse experiments: Cumulative per-
centage egg hatch increased steadily for all
treatments for 28 days (Fig. 2); little addi-
tional hatch was detected at day 60 (data
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Fic. 1. Effects of 3 mM zinc solutions of reagent-grade zinc sulfate (ZnSO,), zinc chloride (ZnCl,), com-
mercial-grade zinc sulfate (31 Plus Zinc Sulfate), zinc chelate (Sequestrene) fertilizer, and a deionized water
(dH,0) control on Heterodera glycines egg hatch for 30 days, in vitro. Error bars represent standard errors of
the mean.
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Fic. 2. Effects of three rates of soil-applied commercial zinc sulfate (ZnSO,) and zinc chelate (Zn chelate)
fertilizer on cumulative percentage hatch of Heterodera glycines eggs in a greenhouse experiment. Error bars
represent standard errors of the mean.
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not shown). Final cumulative percentage
egg hatch ranged from 15.7% for the 1.12
kg Zn/ha zinc sulfate treatment to 27.2%
for the 11.2 kg Zn/ha zinc chelate treat-
ment. No differences (P > 0.05) in cumu-
lative percentage egg hatch were detected
at any individual sampling date. Average
reproductive factors (Rf) ranged from
0.86 for the 1.12 kg Zn/ha zinc sulfate
treatment to 0.55 for the 11.2 kg Zn/ha
zinc chelate treatment (Fig. 3); however,
there were no differences (P > 0.05) de-
tected in Rf among any treatment combi-
nations.

Overall average shoot dry weight for all
treatments was 26.6 g. Average shoot dry
weights for individual treatments ranged
from 22.8 g for zinc chelate at 112 kg Zn/
ha to 28.6 g for zinc sulfate at 1.12 kg Zn/
ha (Fig. 4). There were no differences (P >
0.05) in shoot dry weight among treat-
ments.

Initial DTPA-extractable zinc concentra-

tions in soil averaged 12.1 kg Zn/ha (Table
1), with no differences (P > 0.05) among
treatments. Beginning on day 7 and per-
sisting throughout the experiment, con-
centrations of DTPA-extractable zinc were
greater (P < 0.0001) in all zinc-fertilized
treatments than in the unfertilized control
treatment, and concentrations of extract-
able zinc were greater (P < 0.0001) in
treatments fertilized with zinc sulfate than
zinc chelate. Zinc concentrations remained
relatively constant throughout the experi-
ment.

Field experiments: Egg densities decreased
during the growing season in all plots
planted with corn in 1992 and increased in
1993 (Table 2). There were no consistent
differences in H. glycines egg densities at
planting and harvest detected among the
treatments. The only difference in egg
densities detected at any sampling date in
both years was among mean egg densities
at harvest in corn plots in 1993; egg den-
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Fic. 3. Effects of three rates of soil-applied commercial zinc sulfate (ZnSO,) and zinc chelate (Zn chelate)
fertilizers on reproductive factors (final egg and J2 densities/initial egg and J2 densities) of Heterodera glycines
after 60 days in the greenhouse. Error bars represent standard error of the mean.
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Fic. 4. Effects of three rates of soil-applied commercial zinc sulfate (ZnSO,) and zinc chelate (Zn chelate)
fertilizer on corn shoot dry weight at 60 days in the greenhouse. Error bars represent standard error of the

mean.

sities in plots fertilized with zinc were
greater (P = 0.05) than egg densities in

unfertilized control plots (Table 2).

Corn and soybean yields were not af-
fected by zinc fertilization. Corn yields

TaBLE 1.

before and after application of zinc fertilizers.

ranged from 10,696 to 10,794 kg/ha in
1992 and from 7,474 to 8,085 kg/ha in
1993 (Table 3), but no differences (P >
0.05) among treatments were detected in
either year. Likewise, mean soybean yields

Diethylenetriaminepentaacetic acid (DTPA)-extractable zinc content of soil in greenhouse pots

Kg extractable Zn/ha

Rate
Zinc source (Kg Zn/ha) Day 0t Day 7 Day 28 Day 60
Control 0.00 15.0 15.7 18.1 11.6
Chelate 1.12 10.8 14.7 16.1 14.8
11.20 13.2 20.1 23.2 17.3
112.00 10.2 64.1 64.1 73.6
Mean 114 33.0 34.5 35.2
Sulfate 1.12 14.3 17.0 14.7 13.2
11.20 10.3 22.5 22.8 19.5
112.00 11.0 69.8 68.1 74.3
Mean 11.9 36.4 35.2 35.7
Contrasts (P > F):
Control vs. others 0.38 0.0001 0.0001 0.0001
Sulfate vs. chelate 0.19 0.0001 0.0001 0.0001
Linear rate effect 0.88 0.0001 0.0001 0.0001

Data presented are means of five replications per treatment.

T Soil samples at Day 0 were collected before application of zinc fertilizers.
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TABLE 2.
with three levels of zinc chelate in 1992 and 1993.

Heterodera glycines egg population densities in plots planted with corn and soybean and fertilized

1992 1993
Corn Soybean Corn
Rate
(Kg Zn/ha) Pif Pft Pi Pf Pi Pf
0.0 30,128 24,394 3,674 10,454 3,638 3,727
11.2 17,819 11,211 5,843 5,955 4,878 7,946
22.4 13,003 9,400 4,490 7,013 4,536 5,750
P>F? 0.07 0.26 0.85 0.14 0.61 0.05

Data presented are means of five replications per treatment. Linear contrast computed over zinc application rate was not

significant for any Pf.
TPi=

§ Comparison of zinc-treated vs. untreated plots.

among treatments were not different and
ranged from 3,440 to 3,569 kg/ha in 1993
(Table 3).

DiscussioN

Commercial zinc sulfate fertilizer was as
effective as reagent-grade zinc sulfate in
stimulating H. glycines egg hatch in vitro.
In our experiments, commercial zinc che-
late fertilizer inhibited hatching. It is likely
that the hatch inhibition was caused by the
chelating agent, although our investiga-
tions did not examine the effects of the
chelating agent alone. Tefft and Bone (13)
also reported reduced H. glycines egg hatch
in solutions containing zinc chloride plus
various chelators relative to a water control
treatment.

Stimulation of H. glycines hatching in soil
in response to application of zinc fertilizers
was not observed in our greenhouse and
field experiments. No differences in H.
glycines soil egg hatch or egg population

TapLE 3. Corn and soybean grain yield (kg/ha)
from plots receiving three levels of fertilization with
zinc chelate in 1992 and 1993.

1992 1993
Rate
(Kg Zn/ha) Corn Soybean Corn
0.0 10,720 3,548 8,085
11.2 10,794 3,569 7474
22.4 10,696 3,440 7,608

Data presented are means of five replications per treat-
ment. Means are not different (P > 0.05) according to single-
degree-of-freedom comparisons.

initial population (eggs per 100 cm? soil) at planting.
£ Pf = final population (eggs per 100 cm® soil) at harvest.

densities were detected among treatments.
Recommended rates of zinc applied as fer-
tilizer to corn range from 1.12 to 22.4 kg
Zn/ha (8,11); however, corn growth and
yield were not stimulated in our green-
house and field experiments.

Clarke and Shepherd (4) hypothesized
that soil applications of zinc would not be
practical for management of cyst nema-
todes because zinc cations are readily ad-
sorbed to clay particles in the soil, and free
zinc cations are necessary for stimulation
of egg hatch. The extractable zinc content
of the soil in our greenhouse experiments
was increased significantly by direct appli-
cation of zinc fertilizers, and repeated sam-
pling and analysis of the soil for extract-
able zinc throughout the experiment indi-
cated that no detectable zinc was lost from
the pots. Although we were unable to de-
termine the concentration of zinc cations
in the solil, it is likely that the lack of hatch
stimulation in these experiments was due
to the unavailability of free zinc cations, as
predicted by Clarke and Shepherd (4). We
obtained similar results from greenhouse
experiments conducted in a silty clay loam
soil with a pH of 6.0 and from experiments
in a field of Mexico silt loam with a pH of
7.0 in Missouri. It is possible that stimula-
tion of H. glycines egg hatch in response to
application of zinc fertilizers may occur in
more acidic or coarse-textured soils, which
typically have less cation exchange capac-
ity, resulting in more free cations in the soil
solution (14).
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In summary, stimulation of H. glycines
hatching in solutions containing zinc ions
is useful as a positive control treatment for
laboratory hatch experiments. However,
our experiments indicate that this phe-
nomenon is not likely to be exploited for
managing H. glycines in infested fields. Ap-
plications of zinc chelate and sulfate fertil-
izers to soil are ineffective at stimulating
hatching of H. glycines.
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