- Seed Tr nsm smn of Pantoea stewartu in Fteld and Sweet Corn

ABSTRACT

Block; C. C;;Hill; ). H:; and McGee D.C. 1998 Seed transmlsmon of Pantaea stewartu in

field and sweet: corn Plant Dts -82: 775-780

Seed. transmission of Pantoeast wamt was evaluated by assays of:more than. 76,000 plants in -

greenhouse and field -giow: 1,trtals Fourteen P, stewartii-infected seed lots- were obtained
from two.dent .corn.: mbreds nd two sweet corn cultivars that were moculated “with elther ari-
.. fampicin and nalidixic acid-resistant strain (rif-9A) or a wild-type strain (SSIO4) of P, stewartii.
Four additional seed lots were collected from naturally infected inbreds, Percentages of infected

. kernels ranged-from-08 10-72%, as determined by agar plating or'by individual-keinel enzyme-
’ (ELISA) Plaifs grown from ‘this- seed were assayed by a‘stem-
printing technique’ that consisted ‘of cutting and pressing a- cross-section:of each stem-onto agar - .

linked immunosorbent gssay

media; Prints were examined for dévelopment of P, ‘stewartii colonies-after 24-and 48:h. The
transmission rate from:seed produced -on ‘the inoculated “plants: was -0.066%. (28 -of 42,206
plants); based on all seedlings assayed, Transmission.was estimated to-be 0. 14% from infected
kernels; The transmission rate from seed produced.on-naturafly infected plants was 0.0029%.(1
of 34,924: plants); based ‘on 4ll. seedlings; and 0.022% from infected. keérnels. Seed transmission

occurred: slgnxftcantly less-often (P:=0.034) from seed produeed on:naturally:infected plants-

than from seed produced-oninoculated plants, probably due to greater-kernel damage caused by.
- ¢ar shank inoculation; Fhe rarity of seed transmission-of P. stewartii from: heavuy infected seed
lots that would ordinarily be rejected. due to.poor. germmatton suggests that thie: ltkelrhood of

seed transrtussron om'good quality commerclal seed corn is v1rtually nonexnstent

Addmonal keywords Erwzma Stewartii; seed pathology, Stewart ] bacterxal w1lt

Despite the fact that seed transmission
of Pantoea stewartii. (syn Erwinia stewar- -

 tii), the cause of Stewart’s disease of corn,
_has" never definitively- proved to in-
troduce the disease to a new region, more
‘than 100- countries prohlblt the importation
- of corn seed from the United States unless
' the shipment is certified free of P, stewartii.

‘Stewart’s disease was ﬁrst ‘detected on .-

“sweet corn by E. C: Stewart in 1895 (22).
_ Early studies _provided" circumstantial evi-
* dence for seed'transnussion of P. stewartii,
. : e developmg in . plants

' grown in the vﬁel'd or-the greenhouse -from
~:seeds -obftained = ‘from -

(18,19, 122). This work; “however; was.done
in the absence. of knowledge that the corn

. flea beetle, Chaetocrnema pulicaria Melsh.,
and. the toothed ﬂea beetle; Chaetocnema .

denticulata 1L, ‘were effective vectors of
the pathogen (13 14) :
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infected - -plants -

~ous test conditions, - - -
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B yresuits have been reported:

= Stewart (22) suggested that the pathogen ’:
: ‘llkely mvaded the roots ’ dn b

mfected‘ Later, sm-l__and crop resxdue were.
shown not to be

Transmission of the- pathogen from seeds
to infected plants was demonstrated-at

rate of 10.6% in the laboratory on agar
slants (8):and 2.to 13% in the. greenhouse :
- (14 in-the -absence of other:sources . of
. inoculum. The commonly ‘cited  rate for
" _seed -transmission of . P stewartii is’ 2%
A;fmm 1nfected kernels (5,12, 17),- but " this

estimate has not-been. venﬁed under ngor-

In-a“clitnate of ever- 1ncreasmg quaran-
tine regulation of pathogens:in the interna-

tional movement of seeds, it is-necessary to .

ensure that regulations "are justified on
scientific grounds (3). This report exam-
ines the role of seed-borne P, stewartii-in

. the disease cycle of Stewart’s disease of
‘maize and estimates the - rate of seed-to- -
: seedlmg tran mission from infe :

‘inoculum:. sources .
(8,9,14,15), Seed-beme infection by P-
stewartii was established by isolation of .
the bacterium from the endosperm and the -
. chalazal region of infected - kernels by -
Ivanoff (9) and by Rand and Cash (14).

,, MATERIAE"S%NbMETHODS‘

Inoculum preparation. Two P. stewar-
tii isolates; the ‘wild-type strain. 8104 and

the: rifampicin-and"nalidixic-acid resistant

strain -rif-9A, - previously -déscribed by

"Lamka et al. (11), were used for inoculum.
.. Stock cultures: were- preserved in - sterile

15%glycerol and stored in t-ml cryovials -
at —75°C. Before-inoculation: of -corn for
seed harvest, bacterial strains were passed
twice - through the . moderately - resistant
sweet corn cultivar -Stowell’s Evergreen.
Inoculum- was. - prepared.- by _growing F.
stewartii strains for'48 h on'nutrient broth-
yeast: extract agar (NBY) and ‘suspending

those -cells in'PBS - (phosphate - buffered

saline; pH 7.0) at‘an absorbance (A59()nm) of

- 0.20 (approximately 2 x 10* CFU/ml). -

Seed “lot- production. -P- stewartii-in-

* fected seed was ob_tmned from' pinprick-
*inoculated or from naturally infected plants

of “highly ‘susceptible dent -corn ‘inbreds

_ (A632Ht, B14A, LH204, and .a Pioneer
inbred) -and-sweet ‘corn cultivars (Hybrid

Pride of Canada : and: Burnell’s- Golden

"-“Bantam). Table.1 llsts the:seed lots used in
“this study. Each: seed lot: was identified

with a three-part code: the first letter repre-

- senting- the-corn :genotype; the ‘second the
" bacterial - strain (rif-9A;  SS104, natural

infection), and the number denoting suc-
cessive seed-lots with-the same genotype-

bacterial strain combination (Table 1).
~ Seed lots* from <the - pinprick-inoculated

plants are referred-to as inoculated seed -

“lots through the rest of this report.

Greenhouse—produced -seed - lots - were

- generated in 1990; 1991, 1992, and 1993
- from comn planted.in January, grown at 24
* “t0.26°C. with a 13-h day, and harvested in
‘April. All leaves on each plant were in-

oculated at anthesis:by. the pifiprick method

*/(23). The leaf blades were inoculated near

‘the axil on one or both s1des of the midrib

- (Table 1). The-¢ar shank was also pinprick-

inoculated in‘the production of several seed

 :Jots (Table: 1) in an:attempt to increase the
‘percentage - of severely-infected ‘kernels.
‘Following: plant_maturity, ears- were har-
-vested ‘and dried with ambient circulating

air (25 to 27°C) to a final seed moisture

~content of 11 to. 12%. Ears were hand-

shelled, -and the seed was stored in glass

_jars -at 5°C. and. 45% relative humidity
" (RH) until used for the seed transmlsswn
‘ grow-out studies.

. Field-produced séed Tots ‘were generated

" in 1992 and 1993. Pinprick inoculations

were done in the same manner as described

- for the greenhouse—produced seed lots. In
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May- 1992, cultrvar A632Ht was planted
near ‘Ames, Towa, in two-blocks -of three
rows, each 90 cm apart and 60 m long. One
block was inoculated ‘at-anthesis with iso-
late rif-9A and the second block with iso-
-late - $S104. At~ harvest, ears from  each

block were sorted into two groups basedon
sayed, respectrvely Kermels w

- a'visual estimate of the degree of ‘ear dam-
age. The slightly damaged: ears were- des-
ignated as seed lots: AR4 or AS2, corre-

_ sponding to the: blocks:inoculated with rif-
9A .or .SS104; respectrvely Srrmlar desig-
nations of AR5 and-AS3 were:given to-the
highly damaged eats from the same blocks.
In 1993, sweet comn cultivar Golden Ban-
tam was planted on 10:June in one block of
six rows 90 cm apart and 8 m long. The
ears from the ﬁeld-produced seed lots were
dried, “shelled;--and- stored n- the ‘manner
described previously. - )

Naturally infected seed lots were har-
vested in 1992. Seed lot AN1 was har-
vested from .a-small:field plot of inbred
A632Ht near Ames from plants showing
symptoms. of systemic infection at-harvest.
Seed lots PN1 and PN2*were: harvested
from a single commercial seéd production

- field. Seed lot PN2 was harvested from
‘plants. that were infected ‘and prematurely

killed by Stewart’ s drsease, and PN1 was

- from plants thatwere -infected: but not
_prematurely -killed: “All-three seed lots
were processed in ‘the ‘manner described
previously. Seed:lot-EN{-originated from

-a commercial “seed: productionfield-of .
inbred -~ LH204: ““This: ‘seed lot ~was"
harvested, condrtroned and baggedby the
seed company.

Warm germination-tests were conducted
on most of the seed lots using the standard
procedures " empl_oyed' at-the -Towa - State

Umversrty Seed Sererrce Center

.. Detection of P. stewartii in kernels and
seedlings. Kernels from seed lots inocu-

lated with the rif-9A isolate were assayed
for P stewartii by a kemel plating method.

Five ‘hundred kernels - were “assayed -per
seed lot ept. for. ‘seed lots. AR1 and

sterilized for 2'min in'0.5% sodium hypo--

chlorite, tinsed three  times™ in - sterile
- deionized water, “and drred on:a laminar
flow ‘bench. Ten kernels were placed in-

each petri dish- with ‘the tips-embedded. in
soft NBY ‘agar (1.2% agar). After a 48-h

enrichment period at 27°C,. ‘éach kernel -
was temoved and the tip was touched onto ~

a plate of NBY-CRN" ‘agar,” NBY- CRN,

which  is highly -selective for the rif- 9A -
isolate, is NBY agar ameénded: with 50 mg

of cyclohexrmrde, 50 rng of rrfamprcm
and"25-mg of nalidixic acid pet 1i

Twenty kemels were sampled per‘NyBY- L

CRN plate; ‘and infected e
identified by the characteristic appearance
of P, stewartii colonies.

Kernels from seed. lots 1noeulated wrth, -

strain--8S104  or - from -naturally- infected

seed lots had: no antibiotic selective mark--
 ers; P stewartii was detected in’ these Tots

e-linked" immunosorbent assay

least. 100 kernels ‘were ‘sampled per_seed
lot. Tn seed lots found to contain fewer than

20% infected kernels, 100 addrtronal ker-
. nels-were ‘assayed to’ obtain a mere accu-:
rate ‘estimate of the mc:ldence of 1nfected: 2

kernels. e
-The Ketnels. were crushed na ﬂat-bot-
tomed Plattner mortar-:(Fisher ‘Scientific,

Itasca, IL) and placed in a12.x.75 mm test -
tube containing 2 ml-of PBS.: Samples
rwe'rea‘girtated at 100 rpm for 1'hcA l-pl

aliquot of each sample-was-dispensed into
a single well of a commercial P. stewartii
. ELISA test kit (Agdla Inc., Elkhart, IN),
and - the ‘manufacturer’s: instructions’ were

- followed for all - subsequent -steps. The

absorbance value for each well was meas-

o ured ‘using a- Dynatech: ‘MR300° ELISA
* plate ‘reader.- Samples: from three healthy

kernels ‘were used as-negative controls on
each plate, and the average absorbance of
the negative ‘controls ‘was subtracted from
‘each kernel absorbance. After. correction
for negative -controls, -:absorbance : values
_above 0.17 were defined as positive.

A stem-printing technique was used on
greenhouse grow-outs: and field grow-outs
to-evaluate seed transmission of P. stewar-

-#ii. Bach stem was cut-off 2 to "3 cm above
‘the 'soil line, and the- base of the stem was
" pinched to express” sap‘ The cut cross-sec-
tion of each stem was then gently pressed
onto- agar medra to leave a stem imprint
containing plant sap on the agar All green-
house-grown seedlings. were assayed at the
two or three: fully expanded: leaf stage (V2

~ror.V3). The field-grown plants were as-

“sayed-at a variety of :growth stages ranging
from. V2 t0:“V12.: The :larger. plants had
rigid stems-and were not squeezed before

Oy enzym stem-printing. ‘Plants_grown from rif-9A-
(ELISA) ‘of 1nd1v1dual kemels: (11). At

infected seed lots were printed onto NBY-
* CRN agar, and plants. from SS104-infected
or naturally infected seed lots were printed
onto NBY agar. The plates were incubated

“at 28°C - and’ visually-examined  for P

stewartii-colonies: after-24-and 48 h. All
colonies: with a yellow-color -were :subcul-
tured onto fresh media; and their identity
was confirmed by-ELISA and basal stem
injection of susceptible-A632Ht corn seed-
“lings. Two. plants were injected at the two-
leaf growth stage with :a PBS-suspension

Table 1. Seed lots produced in: the ﬁeld and greenhouse (GH) and perc ntages of Pantoea stewartii-infected kernels as detenmned from: agar plaung or by

single-kernel enzyme—hnked mrmunosorbent assay (ELISA)

: Seed production. - Seed productron C Bacterial % warm Number gf, L _Inl'ected
Seed lot code® -~ " year: location culatic s~ ... strain ~  germination - kernels tested - kernels.(%)"
HR1 - GH One site/leaf ~ ~ Coorif9A T NA¢ 500" 14£25
HR2 .-GH Onessitefleaf: - - . " Af:9A . . NA 1,500 42£20
HR4 GH Two sites/leaf;:shank - =" rif-9A- 86 500 27 +£32
“HS1 GH* Two sites/leaf; shank SS104: 98 100 21.£6.7
AR1 - GH 12~ Two-sites/leaf - «. rif-9A 68 1,000 172223
AR3 GH' Two sites/leaf, shank . o Tf-9A 92" 500 - - . 51%37
AR4 - Feld - One site/leaf; shank CHE9A G 90 500 " 37+36
ARS Field eaf, shank hf-9A" 74 500 67 3.4
AS1 GH o esfleaf. shank SS104+ - NA 100 T 70+75°
AS2 Field One site/leaf; shank” "$S8104 81 100 -~ . 48%82
AS3 Field ‘One site/leaf; shank . “88104 66 100 7075
AN1 Field Natural infection .- Natural 91 200 - 1035
BR1 g R € | Two sites/leaf, shank Lo nif-9A NA 500 26+3.2
GR1 }993 R - GH Two sites/leaf, shank' . fif-9A 87 500~ . 40 +3.6
GR2 1993 Field Two sites/leaf - rif-9A - 96 500 - 0.8x06
LN1 1992 Field Natural infection . " Natural . 98 200 35+21
PN1 1992 Field Nattral infectioni ~Natural = 99. 200 .- 933
PN2 1992 Field “Natural infection Natural - 96 . 100 T 35+7.8
3 Lot codes are arranged as genotype bacterial strain: number used to drstmgursh srrmlar seed lots. Genotypes H = Hybrid Pride of Canada sweet corn, A
mbred B14A,°G = Bumell’s Golden Bantam opén-pollinated sweet corn; L = inbred LH204, P = -inbred ‘donated by Pioneer Hi-

.‘ rally infected plan
“. b Percent infegted kemels *90% conﬁdence interval.
¢ Not avarlable P
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(approximately 10® CFU/ml) of each yel-
low -isolate. ‘The characteristic: streaking

and wilting symptomis: associated with P -

stewartii infection: typically appeared after
2 days. Symptomless plants were:reexam-
ined after 7 days. Representative-colonies
of every-commonly-‘occurring non-yellow
bacteria were subcultured: from-each- grow-
out test and tested by ELISA or basal stem
injection to “ensure that they were not
strains of -P. stewartii,. - .

Sensitivity -of the stem-prmtmg assay
was compared “on NBY and :‘NBY-CRN
media. Two - hundred. greenhouse-grown
plants of inbred A632Ht were inoculated at
the two-leaf growth stage with strain rif-
9A by basal stem injection. After § days,

" each plant was cut off 2 to'3 em above the
injection point-and stem-printed -onto both
NBY and NBY-CRN agar. Seedlings were
identified by a grid drawn on each plate.
The NBY-CRN plates yielded only pure
cultures of P stewartii; therefore, infected
“seedlings were identified by. the character-
istic appearance of P. stewartii colonies,
The NBY plates were.visually compared to
the- NBY-CRN:- plates for: evidence of P,
stewartii growth -at ‘the-same plate loca-
tions, All suspected: P. -stewartii colonies
were confirmed by ELISA. The test was

v repeated with 200 seedlings from seed lot
PNL

Grow-out tests t‘or seed transmlsslon._

The field grow-out tests for seed transmis-
sion of P. stewartii were planted near
Ames. The number of plants evaluated
varied because of differences in the quan-
tities of seed available and because multi-
ple planting -dates- were “used ‘to provide
different environments (Table:2). The first
experiment, planted- on 2 July 1990, com-
prised a set of 41 rows of corn seed, each
row originating from asingle ear of seed

Table 2. Seed-to-seedling transmission of Pantoea stewartii (PS) from seed from inoculated plants in field grow-out tests

lot HR1. After 30 days, 10 plants were '

assayed per.row.

- In-1991; seed lots- AR1 ‘and HR2 were
planted on 24 May and again on'6 June in
rows 18 m-long and 45 cm. apart. ‘The
plantings were arranged- as split plots with
half of the replications covered with horti-
cultural row-cover netting to- exclude corn
flea beetles:"Wire hoops were placed at
2:5-m.intervals to support. the fabric, and
- thefabric” edges ‘were  covered: with "soil.
Noncovered plots - were - sprayed- weekly
‘with carbaryl insecticide. Plots  were ‘in=

spected-every 2 days for plants showing

wilting, yellowing, graying, or browning of
the leaf tissue. Symptomatic plants: were
dug out and assayed by stem-printing on
NBY-CRN agar:

In"1992, seed lots AR3,"HR4; and ASI
‘were planted on 8 June and again on 18
June using the same plot dimensions as:in
1991. The plots were arranged in a com-
pletely randomized design, and all plots
were covered by netting. Plants were dug

out at the V3 to V4 growth stage, sprayed ..

with water to remove soil, and.assayed for
the presence of P stewartii by-stem-print-
ing. Seed lots AR3 and HR4 were printed
on NBY-CRN agar, and AS1 was printed
onNBY agar. The prints from seed lot AS1
were excessively contaminated by bacteria

and fungi and could not be assessed for P

stewartii. Instead, stem sections from 470

plants ‘were assayed for P.“stewartii byv

ELISA.

In 1993, seed lots AR4 ARS, BRl and
‘GR1 were planted on 11 June and. again
on21 July in-two-row plots 9 m long and -

1 m apart. The plots were arranged in a
completely randomized design, andall
plots- were covered by . netting. Plants
from one row of each plot were assayed
by stem-printing when the majority” of

plants reached the V6~ growth stage; the
second row was tested at the V12 growth

- “stage.

-Seed lots in greenhouse grow-out trials
were planted in flats:containing a pasteur-
ized soil mix. Greenhouse temperature was
maintained-at- 24 ‘to.26°C during the day

- and-21°C at' night.- The-numbers of seeds
- tested and the test'dates ‘varied (Tables 3

and 4). All of the SS104-infected and natu-

_rally infected:seed-lots were grown only in

the greenhouse, except:for-one field test of
seed lot AS1 (Table 1). Field-grown plants
were difficult to clean: sufficiently to pre-
vent bacterial and fungal contamination of
the NBY agar.

Estimation of seed transnnssmn rates.
The seed transmission rates were adjusted
to reflect the proportion of plants estimated
to have actually emerged from- infected .
kemels, = allowing - “better - comparisons
across seed lots. These values, designated

‘as the number of potential PS-positive
-plants, were obtained by multiplying the

total number of plants tested from a seed
lot by the average percentage of infected
kemnels in the :seed lot.. The : positive  in-
stances of seed transmission were called
the number of actual PS-positive plants.
Seed transmission rates were calculated by
dividing the number of actual PS-positive

“plants by the number of potential PS-posi-

tive plants. To obtain a measure of confi-

“dence in the overall seed transmission es-

timates, low and highseed transmission
rates ‘were calculated for the: inoculated
seed lots (all- field and greenhouse data
combined) and for the-naturally ‘infected
seed lots (all greenhouse data combined).
Low -and high rates -were: calculated by
using ‘the lower and upper-confidence lim-

‘its for the percentage of infected kernels in

each seed lot (Table 1)-and adjusting the

. Seed -Maximum

B Growth No. of plants evaluated
Seed lot Date No.of Seeds/ stage at Percent Potential Actual  transmission - estimated rate
code ‘planted plots plot testing?- emergence  Total . - PS-positive®  PS-positive  rate for PS¢ 95% CL)S -
HR1 71290 -- 41 20-40 V4-V5 e 410 57 0 0.00000 0.05263
HR2 5/24/91 - 8 200 V2-V3 88.7 1,419 596 2 0.00173 0.00545
6/6/91 8 200 V2-V3: 832 1,332 559 0 - )
HR4 6/8192 8 200 V3-v4 803 - 860 232 0 ~0.00000 0.00804
6/18/92 - 200 “V3-V4-. 83.3 523 141 0 i : o
AR1 5/24/91 8 . 200 V2-V3 479 S767 552 3 0.00744 . 0.01397
- 6/6/91 - 672000 V2-V3 450 540 - 389 4 :
AS1 6/8/92 5 200 - V3-v4 69.0 470 329 0 0.00000 0.00912
AR3- 6/8/92 9 200 V3-v4 732 . 940 479 -0 0.00000 0.00401
6/18/92 -9 200 V3-v4 757 527 269
AR4 6/11/93 12 400 V6,V12 62.2 2,984 1,104 0 0.00127 0.00328
7121193 10 400 V6,V12 84.8 3,394 1,256 3 3 ’
ARS 6/11/93 10 400 V6,V12 321 1,284 860 2 70.00122 0.00279
7121/93 15 400 V6,V12 60.2 3,615 2,422 2
BR1 6/11/93 5 400 V6,V12 433 866 225 0 0.00000 - . 0.01333
GR1 6/11/93 -9 400 V6,Vi2 61.6 2,219 888 0 0.00000----:  0.00165
7l21[93 700400 V6,V12 828 2,317 927 0 ENEC
Overall - 24,467 11,285 16 - 0.00142 - -

0.00215

4 Growth stage detemuned by ,number of visible leaf collars V6 Vl2were two-row:plots with each row tested at a different stage
wltiplied by the'percentage of infected kernels (from Table 1).- ‘ :
itive plants/total number of potentlal PS-posmve plants for the seed lot.

v Total number of plants ev:
¢ Total number of ac
4 Upper one-sidedcon
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numbers -of potential: posmve plants for

éach seed lot acccu:

sion were: detected,

RESULTS

Sensitivity of stem-prmtmg assay. Re-,

covery of isolate Tif-9A from inoculated

plants was 98.5% -efficient (394 -of 400

plants) on NBY-CRN agar, compared with
52% recovery:(208 of 400 plants) from the

same plants v_vhenpnnted_ ] NBY agar. On"

. ketnels.

of P stewartii. On NBY P.

- pure. cultu

- stewartii was. frequently found in mixed- -
cultures: with other bacteria:- P stewartii: -~
- was sometimes :-obscired by ‘the: fast- -
growing Pantoea agglo erans; as 4t was

- not visible on NBY agar hen present at -
-the -same- plate : locaucn Jon. NBY CRN

agar : T
’Ik‘ansmlsswn ot'

-1990 t0:1993:(Table2).and from:4 of 10

inoculated ‘seed lots tested in- greenhouse. -
grow-out trials. from 1990 to 1994 (Table -

~-3).-All of the seed lots with positive in-
“-stances  of seed transmission (HR2; AS2;
AS3, AR1, AR4, and -ARS5)  contained:
more -than” 35%
Seed - transmission: - was - not

- ", demanstraed: from three seed lots _(_GRI;, ’

the field; of:whic
“to be potentlal PS-posx ve plants (Table 2)
“based on the percentage of infected seed
“7(Table 1)::Sixteen instances-of seed: trans-

lstewartu from seed E
of inoculated plants.. Seedtransmission -

- was detected from 4 of 10 inoculated seed -

“.lots. tested: in. field -grow-out trials ‘from.

-P: . stewartii~infected -

AR3, and AST) that also-contained more
than 35% P: stewartu—mfected kernels.

_A total of 24,467 plants were tested in
285 were estimated

mission. were-detected, resulting in .an-ad-
justed seed: transmission-rate-of.-0.00142 -

€16 of 11,285), The-95% upper confidence -

limit was 0.00215 (0:22%), indicating that
the. maximum ‘transmission rate would
probably be-about” two instances of seed
transmission from 1,000 infected kernels,

= A total of 17,838 plants were:tested in
the. greenhouse, of which 8,450 were esti-

‘mated-to be potential -PS-positive plants
. (Table 3) based on: the percentage of -in-

fected seed (Table 1). Twelve instances of
seed transmission were ‘detected, Tesulting
in’«»an adjusted -seed ‘transmission rate of

} Nu ‘ ﬁplanﬁs evaluated

2 . Gl‘OWth : Seed. Maxlmum
Seed lot Date ' f Seeds/ stage atv “Actual trans:_'m estlmated rate -
_~code - planted - - flat PS-posmve (95% CL)*
HR1 47190 8 - 60 szfv3 0 ~0.06977
HS1 6192 -2 125 V2-v3 0 005769
AST- 692 A 125 V2-v3 ~ 0 - 0.01095
AS2 CIHRM92 200 128 V2-V3 0 0.00207
o S P393 8 250 V2-V3 1
1020093~ 4~ 250 V2-V3 0 B
T AS3 S92 755020 125- ‘V2-V3 1 0.00069 0.00217
S 314093 .8 250 V2-V3 0 :
3122093 6. 250 V2-V3 0
: T 1020093 6 250 V2-V3 | ) N
AR4 - T 1202192 8 00250 V2-V3 3 - 0:00375
: 102003 4 215 V2-V3 1
ARS TU2RN9Z T TR 250 V2-V3 0 - 0.00352
, - 1020093 - 4215 V2-V3 O R S
BRI 5124093 2 250 V2-V3 .0 - :;000000 N
GR1 56193 . 35 . 250 V2-V3 0 0.00000
GR2 218194 8. 250 V2-V3 o 0 -9.00000
- -Qverall . & o A7, 838 Lo 8,450 2. . .0.00142

B

o2 Total number ef plants evaluated multlphed by.the percentage of mfected kernels (from Table 1):

b Total number of actual PS-positive plantsltotal number of potennal PS- posmve pJants for the seed lot.

¢ Upper one-sxded cemﬁdence limit.

'Table 4 Seed ;o-seeél
house grow-out St

siission of Pantoea stewartii.(PS) from seed hawbstéd"frbrn~nafurail, r’nfected ﬁeld-gruuln plants usf.,(‘iétennined in green-

Seed

. - Growth ; No. ofplants aluated - -Maximum
Seed lot Date : No. of Seeds/ ~ stageat Percent Potential - Attnal - transmission  estimated rate
code planted flats flat testing. . - .emergence _ Total PS-posxtlve‘ PS-posuive rate forPS* (95% CL)®
AN1 11/23/92 10 " 250 V2:V3 -954 2,386 239 0 . oo 0.00159
8 275 V2-V3 NAY 772000 - 200 0. Sl )
64 250 V2-V3 904 14,473 1,447 0 E

PN1 -8 250 V2:V3 93:0 ~+.1,860 167 1 0.00137 0.00648:

9/19/93 5 250 V2-V3. ‘NA 1,000 .- 90 0 L

11'10[94 R 2 275 V2-v3 NA 2,000 ‘180 0

12/28/95° .. 14 250 V2-V3 933 3,267 294 - 0 ) .
PN2 oo 2/16/93:0 71010 250 V2-V3 91.8 -~ 2,296 804 0 - 0:00000 0.00162

2.9/19/93 5. 1250 V2-V3 NA 1,000 - - 350 - 0 i
: L H10/94 < 9 275 V2-V3 NA 2,000 700 ) : ,
LN1-. “ 10126192 4 250 V2:v3.: 78.1-. 781 27 0 0.00000 0.03261
28194 - 8" 275 V2:v3 845 1,861 65 . .0 SRR R

Overall .. BRI Ly 34924 - 4,563 1 0.00022 0.00104
2 Total rrumberof pi ultlphed by the pe:eentage of infected kernels (from Table 1). '
b Total number of: ve: plants/total number of otenual PS—pesmve plants for the seed lot.
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- 0.00142 (12 of 8,450), which was identical

to the field rate of 0.00142. The 95% upper-

confidence limit was 0.00230 (0.23%). The
adjusted seed transmission rate from all of
the inoculated seed lots (combined . field
and greenhouse data) ‘was 0.00142, with
low-and high rate esﬁmates of 0. 00130 and
0.00156, respectively..

Six of the 10 seed lots in-.either: trial 7

(field or greenhouse) were tested in both
locations durmg ‘the: same season—HRI,

AS1, AR4, AR5, BR1; and ‘GR1—with the -

same results. That is, seed -transmission
was detected from: AR4-and AR5 (37% and
-67% infected ‘seed), but not from HR1,
AS1, BR1, and GRI. The average seed
transmission: rate for: 'seed lots 'AR4 and
‘AR5 under field conditions- was 0.00124
(combined -data),- compared  with 0.00362
in-the greenhouse. To  test whether: the
greenhouse -was ‘more- favorable to seed
transmission .than the field, the two- bino-

mial ‘proportions, namely 7 of 5,642 po- .~

tential positive plants:in. the field and 9 of
2,486 potential - positive plants in - the
greenhouse, were compared - by ‘a chi-
square test of independence for a 2 x 2
contingency table with one degree of free-

dom (20). The chi-square value of. 497
corresponded to.a P value of 0.026 and :

provided strong evidence that the two pro-
portions“were truly-different. The green-

house environment was probably. more

_ conducive to seed transmission because of
higher percentage germination of - poor
vigor seeds (Tables 2 and 3).

The rate of ;seed transmission from the
rif-9A seed lots tested in the greenhouse (9
of 2,936 plants) was 51gmﬁcantly higher (P
= 0.0034); as. determined by-a. chi-square
test, than. that from: the SS104-infected
seed lots (3 of 5,514 plants) Doubling the
number “of positive “instances -of ‘seed
transmission in the SS104 seed lots, to
adjust for the lower stem-prmtmg detection
sensitivity on NBY resulted inaP ~value of
0.040. - =

'h-ansmrsswn of “P.. stewartii from
naturally infected seed. Only one instance
of seed-to-seedling transmission was found
among the 34,924 plants assayed from the
naturally ‘infected seed lots. The adjusted
seed transmission rate was 0.00022 (1 of
4,563 potential PS-positive plants), with a
95% upper confidence limit- of 0.00104
(Table 4). The low and high rate estimates
were 0.00017 and 0.00032; respectively.”

The single PS-positive plant came from
the first 2,000 plants tested of seed lot PN1
(9% ‘infected kernels).  Assays of" approxi-
mately 6,000 additional plants from the
same seed lot were negative. Seed lot PN2

was the samie genotype, containing a much

higher percentage -of —infected kernels
(35%) and more v131b1y damaged kernels,
but no seed transmlssmn was detected

were dent -
about 10% ‘infected:

that - contained
ernels, -but no -seed

,.in that both .

transmission -was detected from almost
19,000 plants tested.

Comparison --of seed transmlssmn
from inoculated and naturally infected
seed lots. The average seed: transmission

“rate - from - the:: inoculated - seed lots
(combined field and greenhouse data) was

0.00142 (28 ‘of 19,735 potential PS-posi-
tive’ plants), which was: 6.5 times  higher

‘than the average rate of 0:00022 from the

naturally " infected seed lots (1" of 4,563

potential PS-positive plants). The twopro-"
- portions, namely 1/4,563 and 28/19,735,

were compared by a chi-square test (20) to

determine if they were significantly differ-

ent. The chi-square statistic of 4.47 corre-
sponded to a P value of 0.034 and provided
strong  evidence “that seed transmission
occurred at a significantly lower frequency
from the naturally infected seed-lots. Be-
cause stem-printing onto NBY- agar was
about 50% less sensitive than printing on
NBY-CRN agar, the transmission rate for

the naturally infected seed was multiplied
" by.two and reanalyzed by a.chi=square test.

The resultmg chi-square statistic ‘of  2.90

.-corresponded to :a P value of 0.088, still
‘reasonably ‘good evidence that there was a
real ‘difference between the two rates. If
“seed transmission from the naturally in-

* fected: seed lots had occurred at a rate of
:0.14%, -about six to seven cases ‘of ‘seed
-transnﬁssion would have been expected.

DISCUSSION . \
.This study produced seed transtmsswn
rates that were considerably lower than the
2% figure prevalent in- ‘the  literature
5,12, ,17); Many of the early seed-transmis-

sion studies were field grow-out  tests

whose results were confounded by disease
introduced by the corn flea beetle, and seed
transmission could not be - confirmed.

Therefore, the 2% figure seems to be based.

on. results of small greenhouse “tests by

- Rand and Cash (13, 14), who:reported one

wilted plant from-54 seed (2%) in one test
and 3 wilted plants from 23 seed (13%) in
a second test. Rand and Cash (14) also
reported about 2% wilted plants from a
third greenhouse planting of 2 quarts of

badly diseased seed, but no cases of wilt

among - hundreds. of plants grown ' from
open-market seed in the same greenhouse.

It is not clear if P. stewartii was confirmed
by isolation -as the  actual cause .of ‘the

wilted seedlings in these studies (13,14).
As Khan et al. (10) suggested, differ-
ences in the seed “transmission rates re-
ported in - the “early” literature and ‘those
found in recent observations-may be due,
in_ part, to improved levels of Stewart’s

disease resistance in modern cultivars. The "

genotypes used in the study were all highly

susceptible, however,- and -sevetal of the

seed lots should have resembled the poor
quality seed samples described in the eatly
literature -(8,9,14,19). 'I’herefore, alterna-
tive conclusions should be considered as to
why the transmrgsmn rateés were so much

lower.. Eat' rotting fungi ‘are- a potential
cause of seedling wilts that may have been
overlooked in the early 1900s. Fungi such
as Diplodia zeae; Fusarium moniliforme,
Penicillium oxalicum, and Gibberella zeae
were reported-as-causing significant ear rot

- ‘and ‘seedling wilt problems in the 1920s-

and-1930s (16,21,24), and they were, in all
likelihood; “present in ‘the -early :1900s as

‘well. We regularly found wilting seedlings,

from which P. stewartii-could not be de-
tected by plating or ELISA, but which
were-infected by P. oxalicum or F. monili-
Jorme.

The seed lots used in thls study -gener-
ally contained very high percentages -of
infected kernels. The advantage in using
such seed lots was-to: greatly -increase the
number of infected -kernels: planted - and
therefore - increase’ the ‘probability of de-
tecting seed transmission. The main disad-
vantages are-that these seed lots-were not
representative. of the seed quality found in

- commercial seed production and that inter-

nationally “accepted quality standards for

. germination alone would likely eliminate

them as sources for seed corn. Our experi-

"ence in testing naturally infected seed lots

has been that seed lots containing ‘more

“than 5% P. stewartii~infected kemels (e.g.,

AN1, PN1, and PN2) are:seldom found,

 and then only from systemically infected
-plants: If the seed lots with 35% or higher

incidence of infected :kernels ‘were elimi-
nated from this study, 28 positive plants
would have. been. eliminated, ‘leaving the
single. instance of seed transmission from
seed lot PNI1.:-We -conducted: the field
grow-out trials -under-a  variety .of condi-
tions (e.g., soil temperature, - moisture,
planting time; years) to expose the infected
seeds to several different environments.
There is reassurance in noting that, despite

. our efforts' to- favor- the - pathogen, seed

transmission of P. stewartii was quite rare
overall and did not occur from 11 of 18
‘seed lots.

We expected- the sweet..corn cultivars,
Hybrid Pride of Canada-and Golden Ban-

'tam, to display higher rates of seed trans-

mission than the dent corn cultivars be-
cause of the large conformational changes
that the sweet corn kernels undergo during
imbibition: and germination. Cracks in the
germinating seeds. plus sugary exudates
could favor bacterial entry and growth.
Only two instances of .seed transmission
were detected “from™ 3,779 potential PS-
positive sweet corn-plants tested (0.053%).
Thus, sweet corn-did not seem to be more
prone to seed transmission than dent corn.
Using a corn genotype with the shrunken
‘kernel gene (sh2) might have been more

_conducive to demonst’rating seed transmis-

sion in sweet comn.

The data in this study can be used to es-
timate the risk of seed transmission from a
given seed lot if the percentage of infected
kernels is known. If a seed lot contained
1% infected kernels and one assumed a
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seed ‘transmission rate of 0.14%, as ob-
served from the: inoculated seed lots, the
expected percentage: of P. stewartii-in-
fected seedlings would be 0.0014%, or 14
per-1,000,000 plants. At:62;500 plants per
hectare (25,000/acre), there: would be an

~average -of slightly less than one case:of

seed transmission per hectare. If-the seed
transmission rate was0.022%, as observed

from the naturally infected seed lots, the -

expected ‘percentage of P. ‘stewartii-in-
fected seedlings' would -be 0.00022%, . or
about two cases per. 1,000,000 plants. At

62,500 plants. per hectare, there would be. .

an ‘average of one case of seed transmis-
sion per-8 hectares (20 acres).

An additional factor that reduces the risk
of spreading Stewart’s - disease through
seed is the dependence of the pathogen on
an insect vector. The pathogen has not been
shown to spread effectively from plant to
plant, except by flea beetle vectors (12). In
the absence.of an insect capable of acquir-
ing and- transmitting - the - pathogen, the
bacterium would be-more or less restricted
to the original plant: Plant-to-plant spread
was not " specifically addressed in - this
study, but no spread was observed: from

" inoculated ‘rows ‘into adjacent ' noninocu-

lated rows in the absence of flea beetles, in
either 1990 or 1991. Elliot" and Poos (7)
collected and cultured bacteria from:28,769
insects representing 94 species and con-
cluded that, although several insect species

‘could pick up-and carry the bacterium in a
" transient manner: when confined to infected

corn, only C.-pulicaria and C: denticulata
were important’ vectors-under natural field
conditions. Elliott and Poos (6,7) also con-
cluded that C. pulicaria was the only spe-
cies of importance for long-term survival
of the bacterium over the winter.

From a practical standpoint, the. re-
maining challenge is.to:assess what risk, if
any, is posed by good quality seed with a
low: incidence “of “infected kemnels. Our
results are consistent with those of-Khan et

al. (10), who. found no seed ‘transmission
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among 75,000. seedlings grown from seed
that had relatively low levels of P. stewar-
tii-infected -kernels.  Further:  grow-out
studies in other locations or in countries
affected -by. the regulations may be war-
ranted to: see-if transmission rates remain
consistent: with those in outtrials, but it
seems clear that the ‘threat of seed trans-
mission -of -P.- stewartii has been exagger-

ated and that the risk of seed transmission

from good quality seed is virtually nonex-
istent. “The present zero-tolerance . phyto-
sanitary regulations: are based on limited
and seemingly inadequate scientific infor-
mation. - Modifying the field inspection
aspect of the present quarantine system to
account - for systemic -and ‘ nonsystemic
plant infection should be considered with
the overall .objective of ensuring that phy-
tosanitary - regulations -are sc1ent1ﬁcally
justified.
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