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Rates of Transmitting Erwinia stewartii from Seed to Seedlings  
of a Sweet Corn Hybrid Susceptible to Stewart’s Wilt 

P. M. Michener, J. K. Pataky, and D. G. White, Department of Crop Sciences, University of Illinois, Urbana 
61801 

Stewart’s bacterial wilt, caused by Er-
winia stewartii (syn. Pantoea stewartii), 
occurs primarily in the mid-Atlantic states, 
the Ohio River Valley, and the southern 
part of the United States corn belt. The 
corn flea beetle, Chaetocnema pulicaria 
Melsh., is the vector and overwintering 
host of E. stewartii (8,9). Other insects, 
primarily the toothed flea beetle Chae-
tocnema denticulate, were transient vectors 
of E. stewartii in controlled greenhouse 
trials, but none have been documented as 
significant vectors of E. stewartii in field 
situations (9). Winter survival of flea 

beetles is affected by temperature (20). 
Based on daily temperatures in the United 
States corn belt, the winters of 1991–92, 
1997–98, 1998–99, and 1999–2000 were 
among the 10 warmest in the past 100 
years. Consequently, flea beetles survived 
farther north in the United States, and 
Stewart’s wilt occurred in many areas of 
the United States corn belt where seed 
was produced in 1992, 1998, 1999, and 
2000. 

Many countries prohibit or place restric-
tions on importation of maize seed pro-
duced in the United States to prevent the 
introduction of E. stewartii. When maize 
seed is produced in fields from which 
Stewart’s wilt is identified, seed must be 
certified free of E. stewartii based on a 
greenhouse grow-out test or other proce-
dures. An efficient seed health test based 
on an enzyme-linked immunosorbent assay 
(ELISA) can be used to detect seedborne 
E. stewartii (12). Polymerase chain reac-
tions (PCRs) that detect E. stewartii have 
the potential to be adapted for seed health 
tests (1,2,6). 

Block et al. (3) maintained that the risk 
of introducing E. stewartii on good quality 
seed produced on a moderately resistant 
seed parent has been exaggerated greatly. 
Reports of seed transmission of E. stewar-
tii that appeared in the literature from 
about 1900 to 1930 were based on trials in 
which a relatively few seed of highly sus-
ceptible germ plasm were evaluated or 
dissemination of E. stewartii by corn flea 
beetles was overlooked (8,10,16,17,19,21). 
For example, Smith (19) reported 9% 
seedling infection in 1909 and Thomas 
(21) observed transmission of E. stewartii 
to 85% of plants grown in a greenhouse in 
1924. Neither of these reports considered 
flea beetle vectors or fungal pathogens that 
produce wilt symptoms. In 1933, Rand and 
Cash (17) assayed about 2 liters of “the 
worst-looking seed” from a highly 
susceptible cultivar and reported that 2% 
of seedlings grown from this seed in a 
greenhouse had symptoms of Stewart’s 
wilt. Subsequently, a 2% rate of seed trans-
mission for E. stewartii was reported in 
authoritative monographs on Stewart’s wilt 
(7,15,18). In the past decade, research on 
seed transmission of E. stewartii produced 
transmission rates that were considerably 
lower than those reported in previous lit-
erature (3,4,11), which suggests that the 
estimate of 2% seed transmission does not 
accurately reflect the risk of introducing E. 
stewartii in seed. 

Seed transmission of E. stewartii in-
volves two processes, as illustrated by the 
schematic diagram in a recent review of 
the epidemiology of seedborne diseases 
(13). First, kernels are infected on seed-
parent plants in seed production fields (i.e., 
plant-to-seed transmission of E. stewartii). 
When infected seed are planted, plants can 
become infected if E. stewartii is transmit-
ted from infected kernels to seedlings (i.e., 
seed-to-seedling transmission). The risk of 
introducing E. stewartii on seed to areas 
where it does not occur is affected by both 
of these processes and factors that influ-
ence them. 

An ELISA-based seed health test devel-
oped in the past decade accurately detects 
seedborne E. stewartii (12). This test can 
be used to estimate relatively low levels of 
E. stewartii-infected kernels (4,12,14). If 
the proportion of infected seed is estimated 
accurately from seed health tests, the risk 
of introducing E. stewartii can be assessed 
if accurate rates of seed-to-seedling trans-
mission are known. Block et al. (3) ob-
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served 28 infected seedlings grown from 
approximately 19,735 infected seed (i.e., 
0.14% seed-to-seedling transmission) when 
seed were produced on seed-parent plants 
that were inoculated with E. stewartii. 
When seed were produced on naturally 
infected seed-parent plants, one seedling 
was infected from approximately 4,563 
infected seed (i.e., 0.022% seed-to-seed-
ling transmission). The objective of this 
study was to generate additional estimates 
of rates of seed-to-seedling transmission of 
E. stewartii in order to more accurately as-
sess the risk of introducing E. stewartii in 
maize seed. 

MATERIALS AND METHODS 
Production of infected seed. A Stew-

art’s wilt-susceptible sweet corn hybrid, 
Jubilee, was selected for these experiments 
because symptoms of Stewart’s wilt are 
distinct and severe on this hybrid, espe-
cially at seedling stages. Also, systemic 
infection of Jubilee occurs rapidly and 
frequently, which increases the probability 
that seed is infected when plants are inocu-
lated with E. stewartii (14). 

Seed infected with E. stewartii was pro-
duced on Jubilee. Pollination was not con-
trolled. Therefore, the F2 seedlings assayed 
in these trials were grown from seed pro-
duced on open-pollinated F1 hybrids. 
About 0.02 ha of Jubilee was planted at the 
University of Illinois South Farms, Urbana 
on 16 May 1998, 17 May 1999, and 19 
May 2000. Standard production practices 
were followed. 

Inocula of E. stewartii were produced 
from a mixture of naturally occurring iso-
lates collected in the spring and from iso-
lates collected the previous fall that were 
maintained as a bulked population on in-
fected plants in a greenhouse. Sympto-
matic leaves were sterilized in 95% ethanol 
for 10 s and rinsed twice in deionized 
water. Approximately 20 1.5-cm2 pieces of 
leaf tissue were cut from symptomatic 
areas and placed in 1.5 liters of nutrient 
broth. Inocula were incubated on benchtop 
shakers at room temperature overnight. 
Nutrient broth cultures were diluted 1:10 
with a 0.1 M NaCl solution prior to inocu-
lating seedlings. Seedlings were inoculated 
11, 16, 23, and 29 June 1998 and 11, 17, 
and 25 June 1999 using the pinprick 
method (5). Seedlings were not inoculated 
in 2000. In all 3 years, 3 ml of undiluted E. 
stewartii inocula were injected into ear 
shanks of the primary ears of each plant 
using a modified hog vaccinator. Ear 
shanks were inoculated four or five times 
at 2- to 3-day intervals beginning 2 weeks 
after pollination. 

Ears were harvested approximately 40 
days after pollination and dried at ambient 
air temperatures to about 15% moisture. 
Seed were shelled from ears and bulked. 
Approximately 25, 30, and 40 kg of seed 
were produced in 1998, 1999, and 2000, 
respectively. 

Seed were assayed for E. stewartii with 
a commercially available ELISA reagent 
set (Agdia, Inc., Elkhart, IN) that is sensi-
tive to about 105 CFU/ml (2). Seed pro-
duced in 1998 was assayed about 3 months 
after harvest. Seed produced in 1999 was 
assayed about 6 weeks before planting in 
2000. For seed produced in 2000, samples 
were assayed about 3 months after harvest 
and about 2 months prior to planting. Sam-
ples of 276, 644, and 736 kernels were 
selected randomly from each seed lot in 
1998, 1999, and 2000, respectively. Each 
kernel was assayed individually. 

ELISA plates were coated with antibody 
and incubated overnight at 4°C. Kernels 
were crushed and suspended in 2 ml of 
phosphate-buffered saline with Tween-20 
(PBST) for 1 h in a small test tube. Prior to 
loading samples, the coating solution was 
hand washed from the ELISA plates four 
times with PBST. A 100-µl aliquot was 
taken from each sample, pipetted into a 
single ELISA plate well, and incubated in a 
humid box at room temperature for 2 to 2.5 
h. Two positive and two negative controls 
were included with each ELISA plate. 
Positive control samples were either a 25-
kernel sample from seed lots known to be 
E. stewartii infected or plant sap extracted 
from infected leaf tissue. Negative controls 
were PBST. Plates were washed four times 
with PBST. The enzyme conjugate solution 
was added, and plates were incubated for 2 
h in a humid box at room temperature. The 
enzyme conjugate solution was washed 
four times with PBST, and the peroxidase 
substrate solution was added to each well. 
Positive-control sample wells became 
distinctly colored in about 15 to 20 min. 
Absorbance was measured with a 
Dynatech MR4000 plate reader at 490 nm. 
The proportion of kernels infected with E. 
stewartii and a 95% confidence interval 
were calculated from samples of 276, 644, 
and 736 individual kernels in 1998, 1999, 
and 2000, respectively, using the standard 
normal curve to approximate the binomial 
distribution. 

Seedling assay for Stewart’s wilt. In-
fected seed produced the previous year 
were planted 10 May 1999 in DeKalb, IL 
and 20 May 2000 and 18 May 2001 in 
Plover, WI. These locations were chosen in 
an attempt to prevent naturally occurring 
Stewart’s wilt. Corn flea beetles usually 
are unable to survive the winter at these 
northern locations where the average win-
ter temperature is below –2°C. Strips of 
sweet corn hybrids susceptible to Stewart’s 
wilt (Supersweet Jubilee, How Sweet It Is, 
and Royal Sweet in 1999 and Jubilee in 
2000 and 2001) were planted throughout 
the trials to monitor for naturally occurring 
Stewart’s wilt. Seed of the check hybrids 
were produced commercially in Idaho 
where Stewart’s wilt does not occur. In 
DeKalb, check hybrids were interspersed 
throughout the field in 12 four-row plots 
that were approximately 50 m in length. In 

Plover, 1 of every 12 rows (2000) or 1 in 
every 6 rows (2001) in the field was 
planted with the check hybrid, Jubilee. 
Plant stands were estimated by counting 
the number of plants in 35 6.5-m samples 
of rows in 1999 and 100 8-m samples of 
rows in 2000 and 2001. Populations of 
plants grown from E. stewartii-infected 
Jubilee seed and populations of plants 
grown from E. stewartii-free seed of check 
hybrids were estimated from average 
stands. The trial at DeKalb occupied about 
0.7 ha with approximately 71,800 plants. 
The trials at Plover occupied about 3.0 ha 
with approximately 95,600 plants and 
89,400 plants in 2000 and 2001, respec-
tively. 

Seedlings at the two- to three-leaf stage 
were examined for symptoms of Stewart’s 
wilt 6 June 1999, 22 June 2000, and 28 
June 2001. Leaf tissue was sampled from 
any seedling with symptoms that remotely 
resembled Stewart’s wilt. Leaves from 
each sampled seedling were examined 
microscopically for bacterial ooze (bacteria 
streaming from xylem of cut leaves). All 
samples positive for ooze were assayed 
with ELISA to confirm the presence of E. 
stewartii. About 30 samples that did not 
ooze also were assayed with ELISA in 
1999 and in 2000 as checks. 

Rates of transmitting E. stewartii from 
seeds to seedlings were estimated by divid-
ing the number of infected seedlings (i.e., 
samples that oozed and were positive from 
ELISA) grown from E. stewartii-infected 
seed by the total number of seed that were 
infected with E. stewartii as estimated 
from the ELISA tests of seed lots. Inci-
dence of natural Stewart’s wilt was esti-
mated from the commercial check hybrids 
by dividing the number of seedlings posi-
tive for E. stewartii by the total number of 
check seedlings in the trial. 

RESULTS 
Infected seed. Based on ELISA tests, 

there were 15.6 � 4.3, 49.4 � 3.9, and 12.5 
� 2.4% E. stewartii-infected kernels in 
seed produced in 1998, 1999, and 2000, 
respectively (Table 1). For seed produced 
in 1998, 43 of 276 kernels assayed with 
ELISA were positive for E. stewartii. For 
seed produced in 1999, 318 of 644 kernels 
assayed with ELISA were positive for E. 
stewartii. For seed produced in 2000, 92 of 
736 kernels assayed with ELISA were 
positive for E. stewartii. 

Infected seedlings. In 1999, approxi-
mately 61,800 seedlings were grown from 
seed produced in 1998 on E. stewartii-
inoculated plants. Approximately 10,000 
seedlings of check hybrids were grown 
from commercial seed free of E. stewartii. 
Symptoms that resembled Stewart’s wilt 
were observed on 115 of the 61,800 seed-
lings grown from the E. stewartii-infected 
seed lot. Symptomatic leaf tissue was col-
lected from each of these seedlings. Of 
these 115 leaf tissue samples, 41 were 
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positive for E. stewartii based on ooze tests 
followed by a positive ELISA test. Leaf 
tissue also was collected from 40 
symptomatic seedlings grown from check 
hybrids. Of these 40 leaf tissue samples, 6 
were positive for E. stewartii based on 
ooze tests followed by a positive ELISA 
test. Symptomatic leaf tissue that did not 
ooze was negative for E. stewartii when 
tested by ELISA. 

In 2000, approximately 83,400 seedlings 
were grown from seed produced in 1999 
on E. stewartii-inoculated plants and ap-
proximately 12,200 seedlings of the check 
hybrid were grown from commercial seed 
free of E. stewartii. Symptoms that 
resembled Stewart’s wilt were observed on 
165 of the 83,400 seedlings grown from 
the E. stewartii-infected seed. Of the 165 
leaf tissue samples collected from these 
seedlings, 18 were positive for E. stewartii 
based on ooze tests followed by positive 
ELISA tests. Leaf tissue was collected 
from 28 symptomatic seedlings grown 
from the check hybrid. Bacteria did not 
ooze from any of these 28 leaf tissue sam-
ples and none were positive when tested by 
ELISA. Other symptomatic leaf tissue that 
did not ooze also was negative for E. 
stewartii when tested by ELISA. 

In 2001, approximately 60,000 seedlings 
were grown from seed produced in 2000 on 
E. stewartii-inoculated plants and ap-
proximately 29,400 seedlings of the check 
hybrid grown from commercial seed free of 
E. stewartii. Symptoms that resembled 
Stewart’s wilt were observed on 36 of the 
60,000 seedlings grown from the E. 
stewartii-infected seed lot. Symptomatic leaf 
tissue was collected from each of these 
seedlings. None of these 36 samples oozed 
or were positive for E. stewartii when tested 
by ELISA. Leaf tissue samples were not 
collected from the check hybrid because 
Stewart’s wilt symptoms were not observed. 

Rates of seed-to-seedling transmis-
sion. In 1999, about 9,600 � 2,650 of 
61,800 seedlings were grown from E. 
stewartii-infected seed based on an esti-
mate of 15.6 � 4.3% infected kernels. 

Forty-one seedlings were infected with E. 
stewartii based on symptoms of Stewart’s 
wilt and ELISA-positive leaf tissue sam-
ples. This corresponds to a seed-to-seed-
ling transmission rate of 0.43% (41 in-
fected seedlings grown from 9,600 infected 
kernels). Based on the 95% confidence 
interval for the number of infected kernels 
from this seed lot, the rate of seed-to-
seedling transmission was estimated to be 
between 0.33 and 0.59%. However, in 
1999, incidence of naturally-occurring 
Stewart’s wilt in seedlings of commercial 
check hybrids was about 0.06% (6 positive 
samples from 10,000 seedlings). If 0.06% 
of the 61,800 seedlings grown in 1999 
from the E. stewartii-infected seed lot also 
were infected naturally, 37 of the 41 E. 
stewartii-infected seedlings were the result 
of natural infection. In this case, the best 
estimate of the rate of seed-to-seedling 
transmission was 0.042% (four infected 
seedlings grown from 9,600 E. stewartii-
infected seed). Based on the 95% confi-
dence interval for the number of infected 
kernels, the rate of seed-to-seedling trans-
mission was estimated to be between 0.033 
and 0.058%. 

In 2000, about 41,200 � 3,250 of 83,400 
seedlings were grown from E. stewartii-
infected seed based on an estimate of 49.4 
� 3.9% infected kernels. Eighteen seed-
lings were infected with E. stewartii based 
on symptoms of Stewart’s wilt and positive 
leaf tissue samples. This corresponds to a 
seed-to-seedling transmission rate of 
0.044% (18 infected seedlings grown from 
41,200 infected kernels). Based on the 95% 
confidence interval calculated for the 
number of infected kernels in this seed lot, 
the rate of seed-to-seedling transmission 
was estimated to be between 0.041 and 
0.047%. 

In 2001, about 7,500 � 1,320 of 60,000 
seedlings were grown from E. stewartii-
infected kernels based on an estimate of 
12.5 � 2.4% infected kernels. None of the 
seedlings were positive for E. stewartii and 
seed-to-seedling transmission of E. stewar-
tii was not observed. 

When data were combined from all three 
trials of this experiment, about 58,300 � 
7,220 of 205,500 seedlings were grown 
from E. stewartii-infected kernels. Fifty-
nine seedlings were infected with E. 
stewartii based on symptoms of Stewart’s 
wilt and positive leaf tissue samples. Of 
these, 22 probably were due to seed-to-
seedling transmission of E. stewartii and 
37 may have been the result of natural 
infection due to the presence of flea beetles 
in DeKalb, IL in 1999. The 22 infected 
seedlings from 58,300 infected kernels 
corresponds to a seed-to-seedling transmis-
sion rate of 0.038%. Based on the 95% 
confidence interval calculated for the num-
ber of infected kernels, the rate of seed-to-
seedling transmission was estimated to be 
between 0.034 and 0.043%. 

DISCUSSION 
Rates of seed-to-seedling transmission 

of E. stewartii observed in this study are 
substantially lower than seed transmission 
rates reported in the first half of the twenti-
eth century (1,10,16,17,19,21); however, 
they are similar to seed-to-seedling trans-
mission rates reported by Block et al. (3). 
Our estimate of the rate of transmitting E. 
stewartii to seedlings from infected seed 
produced on inoculated seed-parent plants 
was 0.038% (22 of 58,300). Block et al. (3) 
estimated that 0.14% of seedlings (28 of 
19,735) grown from E. stewartii-infected 
seed were infected with Stewart’s wilt 
when seed was produced on seed-parent 
plants that were inoculated with E. 
stewartii. If seed was produced on seed-
parent plants that were infected naturally, 
Block et al. (3) observed a single infected 
seedling from 4,563 infected kernels or a 
seed-to-seedling transmission rate of 
0.022%. Thus, our estimates corroborated 
those of Block et al. based on a sample that 
was about twice as large as those from 
which previous estimates were calculated. 
Since results from these studies concur, the 
best estimate of seed-to-seedling transmis-
sion of E. stewartii can be calculated from 
data from both studies. A total of 51 in-

Table 1. Data from which rates of seed-to-seedling transmission of Erwinia stewartii were estimated, including percentage of E. stewartii-infected kernels, 
total number of seedlings emerged, estimated number of seedlings grown from E. stewartii-infected kernels, number of E. stewartii-infected seedlings, 
mean percentage of seedlings infected from E. stewartii-infected seed, and upper limits for the 95% confidence interval for percentage of seedlings 
infected from E. stewartii-infected seed 

 Year E. stewartii-infected seed planted  

Data collected and calculated 1999 2000 2001 Total 

Infected kernels (%)a 15.6 � 4.3% 49.4 � 3.9% 12.5 � 2.4% … 
Total seedlings emerged 61,800 83,400 60,000 205,200 
Seedlings emerged from infected seed 9,600 � 2,650 41,200 � 3,250 7,500 � 1,320 58,300 � 7,220 
Number of infected seedlings 4 18 0 22 
Infected seedlings from infected seed (%)b     
Mean 0.042% 0.044% 0 0.038% 
Lower limit of 95% confidence interval 0.033% 0.040% 0 0.034% 
Upper limit of 95% confidence interval 0.058% 0.047% 0 0.043% 

a Percentage of E. stewartii-infected kernels based on enzyme-linked immunosorbent assay test of 276, 644, and 736 single kernels in each of the three 
trials, and 95% confidence intervals calculated from normal approximations of binomial distributions. 

b Percentage of infected seedlings grown from infected seed (i.e., rate of seed-to-seedling transmission of E. stewartii). Upper and lower 95% confidence 
intervals based on confidence intervals for estimates of percentage infected seed.  
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fected seedlings were observed from an 
estimated 82,595 infected seed, which 
corresponds to 0.062% seed-to-seedling 
transmission of E. stewartii. 

Our estimated rate of seed-to-seedling 
transmission of E. stewartii may be higher 
than rates that occur naturally because E. 
stewartii-infected seed used were produced 
by inoculating seed-parent plants. Also, the 
hybrid grown in our study was highly sus-
ceptible to Stewart’s wilt. Block et al. (3) 
observed different transmission rates from 
infected kernels produced on inoculated 
plants and naturally infected plants, possi-
bly due to an increased number of bacteria 
in each kernel when seed-parent plants 
were inoculated (3). Similarly, infected 
kernels in our study probably harbored a 
higher number of bacteria than most natu-
rally infected seed as a result of our 
method of inoculating ear shanks. In recent 
research, absorbance values from ELISA 
tests were slightly higher for E. stewartii-
infected seed produced by ear shank inocu-
lation than for seed infected naturally (C. 
C. Block, J. K. Pataky, and P. M. Mich-
ener, unpublished). The effect of the size of 
E. stewartii populations in infected kernels 
on seed transmission should be examined 
more critically; however, it is unlikely that 
seed infected naturally would harbor larger 
populations than those used in this study. 

Seed-to-seedling transmission rates esti-
mated from this study also may be higher 
than normal because Jubilee is extremely 
susceptible to Stewart’s wilt. Host resis-
tance may affect rates of seed-to-seedling 
transmission of E. stewartii in a manner 
similar to its effect on rates of plant-to-
seed transmission. Rates of plant-to-seed 
transmission (i.e., kernel infection) were 
affected greatly by the Stewart’s wilt reac-
tion of seed-parent plants (4,11,14). Kernel 
infection ranged from about 2 to 70% for 
seed produced on highly susceptible plants 
that were inoculated and from about 0.8 to 
35% for seed produced on highly suscepti-
ble plants that were infected naturally 
(4,11,14). Khan et al. (11) did not detect E. 
stewartii from seed of hybrids or inbreds 
that were infected nonsystemically. Block 
et al (4) detected E. stewartii-infected seed 
only from plants with greater than 25% 
disease severity (i.e., mild systemic infec-
tion). Seed lots with greater than 5% kernel 
infection came from plants with greater 
than 50% disease severity (i.e., severe 
systemic infection; 4). Michener et al. (14) 
detected about 0.1% kernel infection from 
inoculated plants with moderate reactions 
to Stewart’s wilt and about 0.01% kernel 
infection from inoculated plants with resis-
tant reactions. If rates of seed-to-seedling 
transmission are affected by host resistance 
in a manner similar to rates of plant-to-
seed transmission, our estimates and those 
of Block et al. (3) are among the highest 
that are likely to occur because of the 
extreme susceptibility of the plants used in 
these studies. 

Failure to observe infected seedlings in 
the grow-out trial in Plover, WI in 2001 
did not substantially alter our conclusions. 
If rates of seed-to-seedling transmission 
were near 0.04% and 7,500 of the 60,000 
seedlings that emerged in this trial were 
grown from infected seed, we would have 
expected to find on average only 3 infected 
seedlings in the trial. Possibly, an infected 
seedling or two may have been missed 
during the 3 days that two people scouted 
this 3-ha field. Alternatively, it is possible 
that none of the seedlings were infected. 
Based on the binomial distribution for p = 
0.00038, q = 0.99962, and n = 7500, there 
is about a 6% chance (i.e., qn = 
0.999627,500) that none of the seedlings 
were infected if our assumptions about 
kernel infection and seed-to-seedling trans-
mission were correct. 

The absence of infected seedlings in the 
trial in 2001 also may have been due to 
lower rates of seed-to-seedling transmis-
sion when incidence of infected kernels is 
low. Block et al. (3) observed only a single 
instance of seed-to-seedling transmission 
of E. stewartii from seed lots with less than 
35% infected kernels. In our study, seed-to-
seedling transmission was not observed in 
2001 when incidence of infected seed was 
12.5%. In 2000, when 45% of the seed 
were infected, the rate of seed to seedling 
transmission was 0.044%. In 1999, results 
were confounded by natural infection. We 
assumed that 0.06% of the seedlings (37 of 
61,800 plants) grown in 1999 from the E. 
stewartii-infected seed lot were infected by 
flea beetles which was the same rate of 
natural infection we observed in check 
plants grown from commercial seed free of 
E. stewartii. If 0.066% of the plants in this 
field were naturally infected rather than 
0.06%, none of the Stewart’s wilt-infected 
plants were the result of seed transmission. 
The 95% confidence interval for our 0.06% 
estimate of naturally infected plants was 
�0.048%. Therefore, it would not be 
improbable to conclude that we did not 
observe seed-to-seedling transmission in 
1999 or 2001 when incidence of kernel 
infection was 15 and 12.5%, respectively. 
Additional research on the association 
between levels of kernel infection and rates 
of seed-to-seedling transmission may be 
useful in defining thresholds of kernel 
infection for quarantine purposes. 

In our trials, many seedlings with symp-
toms that remotely resembled Stewart’s 
wilt were not infected by E. stewartii. Of 
356 symptomatic leaf samples collected, 
bacterial ooze was observed microscopi-
cally from 65 samples. Observations of 
ooze were correlated perfectly with posi-
tive tests for E. stewartii using a commer-
cial ELISA kit. All 65 samples that oozed 
had positive ELISA tests. The ELISA test 
was negative for 124 samples that did not 
ooze. Block et al. (3) also observed wilted 
seedlings from which E. stewartii could 
not be detected. They suggested that seed-

ling wilt symptoms caused by ear rot fungi 
such as Diplodia zeae, Penicillium oxali-
cum, Fusarium moniliforme, and Gibber-
ella zeae may have contributed to the un-
usually high estimates of E. stewartii-seed 
transmission in the first half of the twenti-
eth century. Our observations support this 
hypothesis. 

Rates of plant-to-seed transmission and 
rates of seed-to-seedling transmission (13) 
affect seed transmission (13). Different 
rates of seed transmission of E. stewartii 
would be expected for seed produced on 
resistant, moderate, and susceptible seed-
parent plants based on our estimates of 
variable rates of plant-to-seed transmission 
(14) and estimates of seed-to-seedling 
transmission of about 0.06% based on the 
combined data of this study and those of 
Block et al. (3). If seed infection is 10% 
when seed is produced on susceptible seed-
parent plants for which incidence of 
Stewart’s wilt infection is 100%, we would 
expect to observe 1 infected seedling in 
about 16,700 based on 0.06% seed-to-
seedling transmission. If seed infection is 
0.1% when seed is produced on seed-par-
ent plants with moderate reactions to Stew-
art’s wilt and incidence of Stewart’s wilt is 
100%, 1 of about 1,666,700 seedlings may 
be infected. For resistant hybrids, one 
seedling may be infected in about 
16,666,700 if 0.01% of seed are infected 
when seed is produced in fields in which 
100% of the seed-parent plants are infected 
with E. stewartii. 

Considering the levels of Stewart’s wilt 
resistance in most corn hybrids and inbreds 
grown presently in the United States, the 
risk of introducing E. stewartii to areas 
where it is not endemic through seed or 
grain is exceedingly low. Phytosanitary 
regulations that restrict the movement of 
maize seed and grain should consider the 
results of recent studies on rates of seed 
transmission of E. stewartii rather than 
relying on the 2% seed transmission rate 
that has been repeated in the literature but 
appears to be inaccurate for seed and grain 
of modern corn hybrids. 
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