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Factors Influencing Emergence of Juveniles from Cysts of

Heterodera zeae'

2
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Abstract: Several factors were studied to determine their effects on hatch and emergence of sec-
ond-stage juveniles (J2) from cysts of Heterodera zeae. The optimum temperature for emergence of
J2 from cysts of H. zeae was 30 C. No juveniles emerged from cysts at 10 or 40 C. Immersion of cysts
in 4 mM zinc chloride solution stimulated 10% greater emergence of J2 than occurred in tap water
controls during 28 days. Fresh corn rhizosphere leachates from 25-day and older plants growing in
sand or sandy field soil stimulated 22-24% greater emergence of J2 from cysts than occurred in tap
water after 28 days. Rhizosphere leachates stored for 30 days at 4 C and leachates of sand, sandy field
soil, and silty field soil inhibited emergence of J2 from cysts by 7-12% compared to tap water.
Rhizosphere leachates from corn plants aged 20, 30, 40, 50, or 60 days growing in sandy field soil
stimulated emergence of J2 from cysts. Similar numbers of J2 emerged from cysts regardless of
whether the source of cysts was field microplot cultures, greenhouse cultures, or growth chamber
cultures. Fertilizing growth chamber cultures of H. zeae on corn plants resulted in a doubling of the
numbers of cysts produced in the cultures, and those cysts yielded 2-3 times as many emerged J2 in
hatching tests compared to cysts from similar unfertilized cultures.

Key words: corn, corn cyst nematode, culturing, emergence, Heterodera zeae, soil leachate, soil type,

Zea mays, zinc chloride.

In 1981, the corn cyst nematode Heterod-
era zeae was found in Kent County, Mary-
land, for the first time in the Western
Hemisphere (22). This economically im-
portant nematode is distributed widely in
most corn-growing areas in India (15) and
Egypt (1), and it also occurs in Pakistan (2).
In 1992, H. zeae was reported from a corn
field in Cumberland County, Virginia, and
was associated with severely stunted plants
(10). Suppression of corn growth by a
Maryland population of H. zeae was dem-
onstrated in microplot (17) and growth
chamber (11) tests.

Temperature influences the develop-
ment (12) and reproduction (11) of H. zeqe.
However, there is little information on fac-
tors influencing egg hatch and emergence
of second-stage juveniles (J2) from cysts of
H. zeae. Egg hatch in nematode cysts and
subsequent emergence of juveniles of var-
ious species from the cysts are affected by
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temperature (9). The optimum tempera-
ture for emergence of J2 from cysts of H.
avenae was 15 C, although emergence oc-
curred at constant temperature up to 20 C
(3). Second-stage juveniles emerged from
cysts of H. cajani at temperatures between
15 C and 37 C with an optimum at 29 C
(16); the optimum for an Indian popula-
tion of H. zeae was 30 C (28).

Host root leachates stimulate egg hatch
in many cyst nematodes (19,20). For in-
stance, hatch of eggs inside cysts of H.
schachtiz (31), H. humuli (31), Globodera ros-
tochiensis (31), and H. goettingiana (4) was
stimulated by root leachates from host
plants and certain related non-host plants.
Most studies with H. glycines cysts have
shown that hatching of eggs is enhanced
by soybean root leachates (7,23,26,27), but
not in all studies (24,25). Corn rhizosphere
leachate obtained from an Indian cultivar
of corn susceptible to H. zeae reportedly
did not increase hatch of eggs or emer-
gence of J2 from cysts (28).

Information on environmental and cul-
tural factors influencing the behavior and
survival of H. zeae should prove useful for
the development of methods for managing
this pest. The objective of our study was to
investigate the influence of temperature,
host root leachates, and culturing environ-
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ment of Heterodera zeae on the emergence
of juveniles from cysts.

MATERIALS AND METHODS

Culturing of Heterodera zeae: Heterodera
zeae was cultured in field microplots and in
pots in the greenhouse and growth cham-
ber. All cultures were maintained on Pio-
neer 3184 corn (Zea mays L.). Field cultures
were maintained in methyl bromide-
fumigated loamy sand soil contained in 45-
cm-d X 60-cm-deep microplots con-
structed of fiberglass cylinders. Green-
house cultures were maintained in pots
containing 5,000 cm® autoclaved washed
sand. Pots were situated on plant propaga-
tion mats to maintain a sand temperature
of about 30 C. Pots were irrigated with tap
water, and plants were fertilized once a
week with a complete soluble fertilizer so-
lution. Subcultures were initiated every 3
to 4 months. Growth chamber cultures
were maintained in pots containing 100
cm® autoclaved washed sand at 30 C under
a 12-hour photoperiod with a light inten-
sity of 100 pwatts/m®/sec. Pots were irri-
gated with tap water, and plants were fer-
tilized once a week. Subcultures were ini-
tiated every 2 months.

Nematode inoculum for initiating a cul-
ture was prepared as described by Hashmi
et al. (11). When cultures were used as the
source of nematodes for an experiment,
shoots of 90- to 100-day-old plants from
the greenhouse and 50-day-old plants
from the growth chamber were excised at
the sand surface and the pots were held in
the laboratory at 25 C for 12 to 15 days to
allow females on the roots to mature. Cysts
were extracted by washing and decanting
using a 250-pum-pore sieve. Several thou-
sand cysts were collected and stored in tap
water at 4 C for 4 to 5 days. H. zeae cysts
were hand picked from water suspension,
and only those cysts that appeared full of
eggs were used in the tests.

Effect of temperature and incubation media
on percentage emergence of J2: Corn rhizo-
sphere leachate was obtained from 25-day-
old corn plants (Pioneer 3184). Because

corn leachate loses effectiveness after 15
days (data not shown), additional fresh
leachate was obtained from the same pot
of plants as needed. Ten plants in a single
plastic pot were grown in 1,000 cm® auto-
claved sand at 27 C in a growth chamber
under a 12-hour photoperiod with a light
intensity of 100 pwatts/m®/sec. Plants were
watered but not fertilized. Gorn rhizo-
sphere leachate was obtained by pouring
300 ml of tap water into a pot and collect-
ing the first 100 ml of liquid that drained
from the bottom of the pot (23). Leachates
were passed through No. 5 Whatman filter
paper and used immediately or stored at 4
C. In addition to fresh corn rhizosphere
leachate, leachate also was aged by storing
at 4 C for 30 days. Aqueous 4 mM zinc
chloride solution was prepared fresh. Tap
water controls were included in each
hatching test.

Cysts containing eggs, obtained from 3-
to 4-month-old greenhouse cultures, were
selected individually from a water suspen-
sion of cysts with a Pasteur pipet using a
dissecting microscope and stored in tap
water at 4 C for 4 to 5 days or until used in
hatching tests. Hatching tests were per-
formed on five samples of 25 cysts each for
each treatment. Each sample of 25 cysts
was incubated in a 5-cm-d plastic, grid
petri dish containing 5 ml of test solution
at 10, 15, 24, 27, 30, 33, 36, or 40 C in
controlled temperature incubators in the
dark. Temperatures were assigned ran-
domly to growth chambers for each exper-
iment. Counts on emerged juveniles were
made at 4-day intervals, at which times old
test solutions were removed and fresh test
solutions added. At the end of 28 days and
after the emerged J2 were counted, cysts
were broken open and the numbers of un-
hatched eggs and juveniles were counted.
The experiment was repeated twice and
data were subjected to analysis with
ANOVA as a9 X 4 factorial arranged in a
completely randomized design (18). The
significance (P < 0.05) of main effects and
interactions was determined.

Influence of soil type on the hatch-stimulating
activity of soil leachates: Corn rhizosphere
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leachate was obtained from 25-day-old
corn plants (Pioneer 3184). As needed, ad-
ditional fresh leachate was obtained from
the same pot of plants. Ten plants in a
single plastic pot were grown at 27 C and
under a 12-hour photoperiod in the fol-
lowing 1,000 cm? of the potting media: 1)
autoclaved sand, 2) methyl bromide-fumi-
gated sandy field soil (Norfolk loamy sand,
fine-loamy, silicaceous, thermic, Typic
Paleudult consisting of 87% sand, 7% silt,
6% clay, 0.5% organic matter), or 3) meth-
yl bromide-fumigated silty field soil (Mata-
peake silt loam, Typic Hapludults, fine-
silty, mixed mesic consisting of 14% sand,
62% silt, 24% clay, 1.8% organic matter).
Pots of the three planting media without
plants were kept in the growth chamber to
serve as controls. All pots were irrigated
with tap water, and leachates were pre-
pared as described in the temperature and
incubation experiment.

Cysts containing eggs were obtained
from 3- to 4-month-old greenhouse cul-
tures. Hatching tests were performed on
five replicates of 25 cysts for each treat-
ment incubated at 30 C. The experiment
was repeated once. Data from two tests
were combined and subjected to analysis
with ANOVA as a 2 X 3 factorial in a com-
pletely randomized design. The signifi-
cance (P < 0.05) of main effects and inter-
actions was determined.

The influence of different culturing environ-
ments and incubation media on percentage
emergence of J2: Corn rhizosphere leachate
was obtained as described for the temper-
ature and incubation experiment, except
that in this experiment the corn plants
were grown in methyl bromide fumigated,
sandy field soil (Norfolk loamy sand). Pots
containing the same sandy field soil, but
without plants, were kept in the same
growth chamber to serve as controls. Cysts
were obtained from 3- to 4-month-old mi-
croplot, greenhouse, and growth chamber
cultures. Hatching tests were performed
on five replicates of 25 cysts each at 30 C.
The experiment was repeated once. Data
from two tests were combined and sub-
jected to analysis with ANOVA asa 3 X 2

factorial arranged in a completely ran-
domized design. The significance (P <
0.05) of main effects and interactions was
determined.

Influence of fertilizer application to corn
plant cultures of H. zeae on plant growth,
nematode reproduction, and percentage emer-
gence of J2: Corn rhizosphere leachate was
obtained as described for the temperature
and incubation experiments using methyl
bromide-fumigated Norfolk loamy sand.
Cultures of H. zeae from plant growth
chambers were used. Nematode inoculum
was prepared as described in the culturing
of H. zeae. Twenty ml of aqueous suspen-
sion containing 5,000 = 250 mixed eggs
and J2 were pipeted onto the surface of
100 cm® of autoclaved sand contained in
each 10-cm-square pot. Four seeds of Pio-
neer 3184 corn were placed onto the sand
in each pot and covered 2 cm deep with
another 100 cm® of sand. All pots were
then placed in plant growth chambers at
30 C under a 12-hour photoperiod. After
the corn seedlings were about 10 cm tall,
pots were divided into four groups. Each
group contained three pots. Pots were fer-
tilized weekly with 100 ml of a solution
containing 0, 5, 10, and 20 ml of 20-20-20
fertilizer per liter of water. The undiluted
fertilizer contained 473 ppm nitrogen.

After 8 weeks, plants were harvested
and data were collected on fresh weight of
roots, total numbers of cysts, and total
numbers of females per pot. Cysts recov-
ered by washing and decanting from three
replicate pots of a treatment were com-
bined and used for hatching tests. Hatch-
ing tests were performed on five replicates
of 25 cysts each for each treatment incu-
bated at 30 C. The final count on emerged
J2 was made after 7 days of incubation.
Experimental units were arranged in a
completely randomized design. The ex-
periment was repeated once. Data from
two tests were combined and subjected to
analysis with ANOVA. Emergence of ]2
was analyzed as a 3 X 4 factorial arranged
in a completely randomized design. Means
on root weights and numbers of cysts plus
females were compared at P < 0.05 using
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the LSD. The significance (P < 0.05) of
main effects and interactions was deter-
mined.

Influence of corn rhizosphere leachates from
plants of different ages on the percentage emer-
gence of J2: Rhizosphere leachates were ob-
tained from different-age corn plants.
Four plants of corn (Pioneer brand 3184)
in each 10-cm-square plastic pot were
grown in methyl bromide-fumigated
sandy field soil at 27 C under a 12-hour
photoperiod. Three pots of corn were
planted at 0, 10, 20, 30, 40, and 50 days. At
the same time, three similar pots contain-
ing the same soil, but without plants, were
placed at each planting date in the same
growth chamber to serve as controls. Soil
in all pots was watered as required for
good plant growth and to keep the soil
moist, and unfertilized. At 60 days, rhizo-
sphere leachates from pots with plants and
leachates from pots of soil without plants
were obtained by pouring 100 ml of tap
water into a pot and collecting 25 ml of
liquid that drained from the bottoms of
the pots. Leachates were passed through
No. 5 Whatman filter paper and used im-
mediately. Then the plants were harvested
and data collected on fresh weights of
roots.

The source of H. zeae cysts for the hatch-
ing test was 3- to 4-month-old greenhouse
cultures. Hatching tests were performed
on three replicates of 25 cysts each for each
treatment incubated at 30 C. The final
count on emerged J2 was made after 7
days of incubation. Experimental units
were arranged in a completely randomized
design. The experiment was repeated
once. Data from two tests were combined
and subjected to analysis with ANOVA,
and means were compared at P < 0.05 us-
ing LSD. Emergence was analyzed as a 2 X
5 factorial in a completely randomized de-
sign. The significance (P < 0.05) of main
effects and interaction was determined.

ResuLTs

Effect of temperature and incubation media
on percentage emergence of J2: Maximum

percentage of J2 emerged from cysts of H.
zeae at 30 C and in the presence of fresh
corn rhizosphere leachate (Fig. 1). No J2
emerged at either 10 or 40 C. Few ]2
emerged from cysts in any of the four in-
cubation media at 15 C, and there were no
differences between liquids in stimulating
emergence at that temperature. Except at
15 C, fresh corn rhizosphere leachate stim-
ulated greater percentage emergence of J2
from cysts than the other three media
within any of the other temperatures at
which hatch occurred. The descending or-
der (P < 0.05) of the four media in their
stimulation of J2 emergence were: fresh
corn rhizosphere leachate > 4.0 mM zinc
chloride > tap water > aged corn rhizo-
sphere leachate. At most temperatures,
fresh corn rhizosphere leachate resulted in
at least twice as many ]2 emerged from
cysts as emerged in tap water, and usually
20-40% more than emerged in zinc chlo-
ride solution. Aged corn rhizosphere
leachate inhibited emergence of J2 from
cysts when compared to tap water. No J2
emerged from cysts in any incubation me-
dium at 10 or 40 C.

Influence of soil type on the hatch-stimulating
activity of soil leachates: Emergence of J2 in
leachates of silty and sandy field soils with
growing corn plants was higher (P < 0.05)
than emergence in similar leachates of
sand (Table 1). Leachates of all three soils
with growing corn plants resulted in more
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Aged CRL
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g 401
&
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201
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Temperature (C)

Fic. 1.- Effect of temperature and incubation me-
dium on emergence of second-stage juveniles (J2)
from cysts of Heterodera zeae. Percentage of cyst con-
tents emerged as J2 from 25 cysts (average 158 eggs
per cyst) after 28 days. Vertical bars 1 SE.
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TasLe 1. Percentage emergence of second-stage
juveniles (J2) from cysts of Heterodera zeae in several
leachates obtained from different soils planted with
corn or fallow.

Cyst contents
emerged as J2 (%)*

Source of leachate +corn —corn
Silty field soil ’ 69 24
Sandy field soil 69 21
Washed builder’s sand 57 26
Mean 65 24

Values are the means of two tests with five replications in
each test.

2 Percentage of cyst contents emerged as J2 from 25 cysts
(average 155 eggs per cyst) after 28 days at 30 C. Data on
percentage hatch were transformed using the arcsin trans-
formation.

Main effect of corn leachate was significant (P < 0.05);
however, the main effect of leachate source was not signifi-
cant, and there was no interaction.

than twice as many J2 emerged from cysts
as emerged in leachates of all three soil
types not planted to corn.

Influence of different culturing environments
and incubation media on percentage emergence
of J2: There were no differences (P < 0.05)

_in percentages of J2 emerging from cysts
collected from greenhouse eultures, field
microplot cultures, or growth chamber
cultures (Table 2); more J2 emerged from
cysts in fresh corn rhizosphere leachate
than in tap water or soil leachate.

Influence of fertilizer application to corn
plant cultures of H. zeae on plant growth,
nematode reproduction, and percentage emer-
gence of J2: Application of fertilizer to cul-
tures of H. zeae on corn plants growing in
pots in growth chambers resulted in large
increases in both plant growth and nema-
tode reproduction (Table 3). Adding fer-
tilizer greatly increased the fresh weight of
corn plant roots; fresh root weight of corn
plants increased incrementally with in-
creased rates of fertilization. The lowest
level of fertilizer application almost dou-
bled number of cyst plus females of H. zeae
compared to no fertilizer, but additional
increases in fertilizer levels did not in-
crease nematode reproduction.

A larger percentage of J2 emerged from
cysts obtained from fertilized cultures than
from cysts obtained from unfertilized cul-

tures (P < 0.05), regardless of the hatching
medium in which the cysts were incubated
(Table 3). However, there was no increase
in the percentage of J2 emerging from
cysts as fertilizer level was increased above
the lowest level. The percentage of ]2
emerged from cysts was highest in fresh
corn rhizosphere leachate, intermediate in
distilled water, and lowest in tap water (P
< 0.05) for each level of fertilizer applied
to cultures.

Influence of corn rhizosphere leachates from
plants of different ages on the percentage emer-
gence of J2: Age or size of corn root systems
had no influence on the percentage emer-
gence of J2 from cysts incubated in rhizo-
sphere plant leachates (Table 4). Only corn
rhizosphere leachate stimulated emer-
gence of greater percentage of J2 from
cysts (P < 0.05) than occurred in tap water.

Discussion

The optimum temperature for emer-
gence of J2 from cysts of H. zeae differs
from the closely related cyst nematode spe-
cies H. glycines and H. schachtii. Slack and
Hamblen (25) showed that maximum
emergence of J2 from cysts of H. glycines
occurred at 24 C, with no emergence of ]2
below 16 C or above 36 C. Maximum
emergence of J2 from cysts of H. schachtii

TaprLe2.  Effect of growth chamber, greenhouse,
and field microplot culturing environments, and
incubation solutions, on the percentage emergence
of second-stage juveniles (J2) from cysts of Hetero-
dera zeae.

Emergence of ]2 (%)?

Tap Corn Soil

Source of cysts water leachate leachate
Growth chamber 42 66 35
Greenhouse 41 66 33
Microplot 42 67 34
Mean 42 66 33

Values are the means of two tests with five replications in
each test.

2 Percentage of cyst contents emerged as J2 from 25 cysts
(average 161 eggs per cyst) after 28 days at 30 C. Data on
percentage hatch were transformed using the arcsin trans-
formation.

Main effect of leachate was significant (P < 0.05); however,
the main effect of cyst source was not significant and there
was no interaction.
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TABLE 3.

Effect of different levels of soluble fertilizer on plant growth and on numbers of cysts plus

females per 300 cm? soil per pot of H. zeae on Pioneer 3184 corn plants after 8 weeks in growth chambers at
30 C and emergence of second-stage juveniles (J2) from Heterodera zeae cysts in three media.

Emergence of J2 (%)¢

Root

Fertilizer levels fresh Cysts + Tap Distilled Corn
(mVliter water)? wt (g)b females® water water leachate

0 3.0 7,680 15 23 39

5 10.4 13,400 42 39 77
10 16.9 14,420 42 58 76
20 22.1 14,315 45 58 78
Mean 36 50 68

Values are the means of two tests with three replications in each test.
2 A 20-20-20 fertilizer at the original concentration of 473 ppm of nitrogen.

> LSD 0.05 = 2.7 for root fresh weight.
¢ LSD 0.05 = 1,850 for cysts plus females.

Main effects of fertilizer levels and hatching media, and the fertilizer levels X hatching media interaction were significant

(P < 0.05).

< Influence of fertilizer application to corn plant cultures on percentage emergence of cyst contents emerged as ]2 from 25
cysts (average 150 eggs per cyst) after 7 days at 30 C. Data on percentage hatch were transformed using the arcsin transfor-

mation.

occurred at 25 C; however, juveniles failed
to emerge at or below 10 C or at 35 C
(29,30). Although juveniles emerged from
cysts of H. zeae at constant temperatures
between 20 C and 36 C, the greatest emer-
gence was at 30 C. Similarly, 30 C was the
most favorable temperature for emer-
gence of juveniles from cysts of an Indian
population of H. zeae (28). The optimum
temperature for hatch of eggs and emer-
gence of juveniles from cysts of many spe-
cies of Heterodera is between 15 C and 29 C
(6,30). Juveniles failed to emerge from
cysts of H. zeae at or below 10 C, or at or
above 40 C in this study.

Zinc chloride at 4 mM was used in our
hatching tests with H. zeae because this
concentration was reported to be the best
for stimulating hatch of eggs of other cyst
nematodes, including H. carotae, H. cru-
ciferae, H. glycines, H. goettingiana, H.
schachtii, G. rostochiensis, and G. tabacum (8,
13,26). At 30 C, 4 mM zinc chloride stim-
ulated 47% emergence of ]2 from cysts of
H. zeae as compared to 37% emergence in
tap water over 4 weeks. Although 4 mM
zinc chloride was reported as the optimum
for stimulating emergence of ]2 from cysts
of several other nematodes, it was only
weakly stimulatory for hatch of H. zeae
eggs. Further study using lower and
higher concentrations of zinc chloride is
needed with H. zeae.

In H. zeae cysts, fresh corn rhizosphere
leachate in the various experiments en-
hanced emergence of J2 by an average of
66% compared to tap water at 7 days. On
the other hand, 47% inhibition of emer-
gence of J2 from cysts occurred in corn
rhizosphere leachate stored for 30 days at
4 C compared to tap water. Verma and
Yadav (28) reported that corn rhizosphere
leachate obtained from an Indian cultivar

Tasre 4. Fresh weights of shoots and roots of
Pioneer 3184 corn and plants used as the sources of
rhizosphere leachates at 20, 30, 40, 50, and 60 days of
age, and emergence of second-stage juveniles (J2)
from Heterodera zeae cysts,

Cyst contents

Root emerged as J2 (%)?
Plant fresh®

age weight Corn Soil
(days) (g) leachate leachate
20 6.8 23 10
30 6.9 23 9
40 8.5 23 10
50 7.7 24 10
60 7.7 24 9
Mean 23 10

Values are the means of two tests with three replications in
each test.

Percentage emergence of cyst contents from 25 cysts (av-
erage 162 eggs per cyst) after 7 days at 30 C in corn rhizo-
sphere leachate from plants of different ages. Percentage
data on juvenile emergence were transformed using the arc-
sin transformation.

2 Main effect of leachate was significant at P < 0.05; how-
ever, there was no effect on plant age, and there was no
interaction.

P LSD 0.05 = 1.2 for root fresh weight.
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of corn (hybrid not known) susceptible to
H. zeae did not increase hatch of eggs or
emergence of J2 from cysts.

Age of the host plant at the time rhizo-
sphere leachate is collected can affect its
potency as a hatching agent toward eggs in
cysts of some species of Heterodera. For ex-
ample, emergence of more than 40% was
obtained with cysts of H. goettingiana im-
mersed in leachate from 4- and 6-week-old
pea plants compared to less than 10%
emergence of J2 from cysts placed in
leachate from 2- or 10-week-old pea plants
at 15 C over 5 weeks (21). In these exper-
iments, rhizosphere leachate was obtained
from various aged plants and used as a
stock solution for hatching tests. Although
there is no report of loss of hatching activ-
ity for either potato or pea rhizosphere
leachates even after several months of stor-
age, we have found that refrigerated corn
rhizosphere leachate began to lose its
hatching activity after 15 days of storage
(data not shown). Age of corn plants from
20 to 60 days when used as the source of
rhizosphere leachate had no effect on
emergence of J2 from cysts of H. zeae.

Soil leachates from pots of fallow,
washed sand, sandy field soil, and silty
field soil suppressed emergence of J2 from
cysts of H. zeae. However, we do not know
what agent(s) in the soil leachates was re-
sponsible for the reduced emergence of
J2. In contrast, Verma and Yadav (28) re-
ported that leachates from fallow sandy
field soil increased emergence of J2 from
cysts of an Indian population of H. zeae.
There was an average 69% emergence of
J2 trom cysts of a Maryland population in
rhizosphere leachate obtained from corn
plants grown in pots of sandy field soil or
silty field soil compared to 57% in leachate
from corn plants grown in washed build-
er’s sand. This difference may have re-
sulted from the effect of fertilizer on the
size of the root systems of the corn plants.
Even without adding fertilizer during corn
plant growth, sandy field soil contained al-
most 4-fold greater fertilizer levels than
did washed sand (data not included).

Similar numbers of J2 emerged from

cysts of H. zeae regardless of whether the
cysts were from field microplot cultures,
greenhouse cultures using large pots, or
growth chamber cultures using small pots.
Obviously, H. zeae can adapt to a range of
environmental conditions. The source of
cysts has been reported to influence hatch
of eggs and the numbers of J2 emerging
from cysts in other species of cyst nema-
todes. Berney and Bird (5) reported that
hatch of eggs of H. carotae was greater in
cysts obtained from field plots than in cysts
obtained from greenhouse cultures. Our
results with H. zeae indicated that labora-
tory-propagated nematodes were not
greatly different from nematodes living
under field conditions. For experimental
purposes, this is important because we can
propagate millions of uniform H. zeae in a
small growth chamber. We obtain an aver-
age of about 14,000 cysts (data not shown)
from each 7.5-cm-square area of growth
chamber space every 8 weeks.

Supplying fertilizer to corn plant cul-
tures of H. zeae resulted in a doubling of
the numbers of cysts plus females pro-
duced, and when used in hatching tests
2-3 times as many J2 emerged from cysts
propagated on fertilized as compared to
unfertilized plants. As the rate of fertilizer
application increased, corn plant fresh
root and shoot weights increased incre-
mentally. However, compared to the un-
fertilized corn plants, nematode reproduc-
tion doubled with the lowest rate of fertil-
izer application and remained at that level
at the higher fertilization rates. We suggest
that even the lowest rate of fertilizer appli-
cation resulted in production of more corn
roots, and therefore more nematode infec-
tion sites, than required by the amount of
H. zege inoculum applied. Withholding
fertilizer was also reported to suppress the
numbers of eggs produced on susceptible
soybean plants by H. glycines and to pro-
mote early nematode maturation (14). Our
findings thus far suggest that additional
research on the influence of soil fertility on
the reproduction of H. zeae may lead to
even more efficient methods for produc-
ing large quantities of this nematode.
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The specific hatching mechanisms are a
major adaptation to parasitism in cyst
nematodes. Eggs in diapause are capable
of surviving for prolonged periods under
conditions that would be unfavorable to
hatched juveniles. Although similarities
exist between H. zeae and other Heterodera
species, there also are differences in the
influence of environmental factors on the
emergence of juveniles from cysts. There-
fore, the general behavior patterns of one
cyst nematode species do not necessarily
relate to other species.
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