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ABSTRACT

Hill, J. P., Armitage, C. R., Kautzman-Eades, D., and Hanchey, P. 1987. Surface disinfestation of
wheat seed and inoculation of seedling roots with single macroconidia of Fusarium acuminatum.
Plant Disease 71:130-131.

Seed of seven wheat cultivars were surface-disinfested with squential treatments of detergent,
Tween 20, ETOH, NaOC], and mercuric chloride under negative pressure. The surface-disinfested
seed were germinated in petri dishes containing potato-dextrose agar. Five days later,
uncontaminated wheat seedlings were transferred to test tubes containing water agar and the
largest root was inoculated with a small piece of water agar containing a single, germinated
macroconidium of Fusarium acuminatum. After 6 days, inoculated roots were excised, surface-
disinfested for 1 min in a solution of ETOH and NaOC], and placed in petri dishes containing
PDA. Five days later, roots were assayed for the presence of F. acuminatum. The pathogen was
isolated from almost all inoculated roots, and there were no significant differences among
cultivars. Most inoculated roots were symptomless. Staining and microscopic examination
revealed that the fungus grew profusely over the entire root and repeatedly penetrated between
epidermal cells. Hyphae grew intercellularly within the cortex. No evidence of vascular tissue

penetration was found.
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Cereal foot and root rots, commonly
occurring throughout the principal
wheat-growing areas of the world (2), are
major yield constraints in Colorado and
Wyoming (8,9). In some regions,
Cochliobolus sativus is the major
pathogen (7,14,16,17,20-22). In other
regions, foot and root rot may be induced
by certain species of Fusarium (3,4),
either by themselves or in a complex with
C. sativus (2,5,9,13,15,18). Fusarium
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spp. most often associated with common
foot and root rot of wheat are F.
culmorum (Smith) Sacc., F. graminearum
Schwabe, and F. acuminatum Ell. & Ev.
(3,4,23). F. avenaceum (Fr.) Sacc. and F.
poae (Peck) Wollenw. are less virulent
and more localized as root pathogens
(23). General resistance to certain
common foot and root rot pathogens is
reported (10,20), but effects can be subtle
and cultivar differences are not always
expressed clearly in yield responses.

A major restraint in the search for
general resistance and its subsequent
incorporation into agronomically accept-
able cultivars has been the inconsistency
in wheat-plant inoculations and accurate
quantitative disease measurement. The
purpose of this study was to develop a
method to efficiently inoculate wheat
seedlings with defined inoculum and
quantitatively measure disease response
to infection by the root-rot organisms.

MATERIALS AND METHODS
Surface disinfestation of wheat seed
for 1-5 min in 95% ethanol and 5.3%
NaOCI (1:1, v/v) followed by two sterile
distilled water (SDW) rinses did not
adequately free the seed from contami-
nation by species of Fusarium in

sections Discolor, Gibbosum, Roseum,
and Sporotrichiella (12), and resulted in
low seed viability (1). To reduce seed
mortality and natural contamination,
elements of a seed-disinfestation method
developed for cereal tissue culture were
used (11). Seed of wheat cultivars Vic or
Calvin (Triticum turgidum L. var.
durum) or Baca, Duke, Newton, Scout
66 or Vona (T. aestivum L.) were placed
in a 250-ml flask containing 100 ml of
SDW and two drops of commercial dish-
washing detergent, shaken for 3 min,
rinsed with SDW until suds were
removed, and covered with 50 ml of 209%
NaOCl solution and two drops of Tween
20. The flask was evacuated to —7.0 to
—8.4 kg/m’. After 30 min on a stir plate,
the flask was removed, the NaOCl
solution replaced with a solution of 0.1%
HgCl; in SDW, and the negative pressure
resumed. After 3 min, the HgClL solution
was removed and the seed rinsed four to
six times with SDW. Seed were transferred
to petri dishes containing potato-
dextrose agar (PDA; three per dish) and
placed in the dark. After 5 days, only

- germinated seedlings, which appeared

uncontaminated, were aseptically trans-
ferred to water agar test tube slants and
placed under daily regimes of 18 hr of
light followed by 6 hr of darkness. After 5
days on the water agar slants, the roots
were excised and placed on PDA plates
at room temperature. Excised roots were
assessed for contamination after 5 days.

Insubsequent inoculation experiments,
seeds were disinfested, as described, and
placed on petri dishes containing PDA.
After 5 days, each germinated seedling,
which appeared uncontaminated, was
aseptically transferred to a water agar
test tube slant. Inoculum was prepared
by placing macroconidia in petri dishes
containing water agar, and after 12 hr,
germinated spores were collected, along
with a portion of agar, under a dissecting
microscope. Seedlings were inoculated
immediately after transfer by placing a
single, germinated macroconidium of F.
acuminatum on the largest root 10-15
mm below the seed. After 6 days,



inoculated roots were excised, cut into
three or four segments, surface-disinfested
for 1 min in the ETOH/NaOCI solution,
and placed in petri dishes containing
PDA. Five days later, root segments were
assayed for presence of F. acuminatum.
The total number of root segments and
numbers with colonies of F. acuminatum
were recorded. Tests were conducted on
all cultivars. Tests also were conducted
on cultivars Vona and Newton with
macroconidia of F. graminearum or F.
culmorum as inoculum. Observations on
presence of F. acuminatum also were
made when cultivar Vona roots were
excised 3 and S5 days after inoculation.

Microscopic observations were made
onseedling roots 5 days after inoculation
with a single, germinated macroconidium
of F. acuminatum. Inoculated roots,
many showing no symptoms, were
excised and stained by a modification of
the procedure of Schans etal (19). Fresh,
unfixed root segments 2 cm long were
stained for 2 min in 0.5% aqueous
malachite green to suppress host tissue
autofluorescence and counterstained 20
min with 0.001% acridine orange in a
boric acid-borate buffer, pH 8.6.
Segments were mounted on glass slides
and examined with a Leitz Dialux 20 EB
microscope equipped with a Pleomopak
vertical illuminator and a 50W, ultra-
high-pressure mercury lamp at wave-
lengths of 390-490 um (Leitz narrow-
band filter H2).

RESULTS AND DISCUSSION

The seed surface-disinfestation
procedure resulted from a compromise
between effectiveness and retention of
seed viability. The germination of seed on
PDA in petri dishes permitted detection
and elimination of the remaining infested
seed. Few seedlings were found to be
contaminated after 5 days of growth on
water agar in test tube slants. Between 50
and 75% of the disinfested seed germinated
and produced uncontaminated seedlings.

Root inoculation of uncontaminated
seedlings with a single, nongerminated
macroconidium resulted in high infection
(or colonization) efficiency, but variation
among tests of the same cultivar per-
sisted. This variation was thought to be
due, in part, to variation in the viability
of macroconidia. When only germinated
macroconidia were used as inoculum,
most of this variation was eliminated and
F. acuminatum was recovered from
almost all inoculated roots.

When inoculated Vona roots were
excised 3 days after inoculation, few
(10-15%) root segments contained F.
acuminatum. As time between inoculation
and excision increased, the number of
root segments containing F. acuminatum
increased. Excision 6 days after inocu-
lation resulted in recovery of the
pathogen from more than 50% of the
segments, and at least one segment of

each inoculated root contained F.
acuminatum in almost all tests. This may
indicate that under these experimental
conditions, it takes at least 5-6 days for
the fungus to penetrate and ramify
through the root or that the younger,
smaller roots permitted the surface
disinfestant to penetrate and kill the
fungus within the tissue. No observable
differences in F. acuminatum recovery
were recorded among cultivars.

When germinated macroconidia of F.
graminearum or F. culmorum were used
asinoculum, the pathogen was recovered
from almost all root segments. This is
consistent with observations that these
two Fusarium spp. are more virulent
than F. acuminatum. More roots showed
visual symptoms (hyphal growth on root
or seed and a slight darkening of roots)
when inoculated with F. graminearum or
F. culmorum than those inoculated with
F. acuminatum. However, most of the
inoculated roots showed no symptoms
after inoculation with any of the
Fusarium spp. No pathogen recovery
differences were observed among cultivars.

Microscopic examinations of Vona
and Newton roots 5 days after inoculation
revealed orange-fluorescing hyphae
growing over the entire root surface. By
focusing down toward the cortex
through epidermal cells, hyphae were
observed growing intercellularly along
the direction of the root axis between
epidermal and cortex cells and, in a few
cases, between the first and second
cortical layer of cells. Hyphae were
observed most readily at cut surfaces,
presumably because acridine orange
penetration was facilitated at those sites.
Examination of squash-mount prepa-
rations failed to reveal hyphal penetration
into the vascular system. It seems that
certain Fusarium spp. can invade wheat
seedling roots and remain viable but do
not produce visible symptoms. Disease
symptoms may appear only after infected
plants are stressed by drought, cold, or
other factors (3,4,6).

Although the seed surface-disinfestation
procedure and seedling root inoculations
with a single, germinated macroconidium
did not reveal cultivar differences in
resistance to infection or colonization by
each of the three Fusarium spp., the
procedure may be useful in subsequent
studies. Interaction studies are in
progress to determine the effect of
exposure to “saprophytic” fungi or weak
pathogens before challenging with F.
acuminatum. These procedures also may
be valuable in efficacy studies with
fungicides and in delineating biological
control mechanisms of root pathogens.
Uncontaminated seedling roots of wheat
seem to be universally susceptible to
infection by a single macroconidium of
F. acuminatum, F. graminearum, or F.
culmorum, and no significant cultivar
differences seem to exist. There may be

some microbial interaction that influences
infection, which can be explored with this
technique. Also, root-inoculated seedlings
could be transplanted to sterilized soil
and grown under various stress conditions
to investigate the effect of infection from
defined inoculum.
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