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Abstract The patterns of fungal infection and
mycotoxin contamination in leaf and ear sections of
plants of two maize (Zea mays L.) hybrids, one re-
sistant to mycotoxin accumulation under New Zea-
land conditions (Pioneer 3902 (P3902)) and one less
so (Pioneer 3751 (P3751)), have been measured.
Sampling commenced early in the season, well be-
fore ear and tassel formation, and continued until
harvest. A number of fungi were isolated, the most
common overall being Fusarium. Most common in
leaf fractions were Epicoccum, Fusarium, and Alter-
naria, whereas in ear fractions the most common
were Fusarium, Penicillium, Cladosporium, and
Mucor. The most common fusaria isolated from leaf
fractions were the toxigenic species F. crookwellense
and F. graminearum. These species were evident
from late February although other, non-toxigenic,
species were present in leaf axils from early Janu-
ary. For ear fractions the most common species were
F. graminearum, F. crookwellense, and F.
subglutinans. Fusarium infection was evident in ears
of P3902 from March to April, although heavy in-
fection by the toxigenic species tended to occur later
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towards May-June, especially for the basal ear frac-
tions. For P3751 ear infection commenced in May,
and then was predominantly by toxigenic species.
Mycotoxins were found in most plant fractions
measured, especially as the plants aged. The toxins
found reflected the particular toxigenic Fusarium
species present in the fraction. The highest myco-
toxin concentration in a leaf fraction was 16.6 mg/
kg of zearalenone (ZEN) in an upper leaf axil sam-
ple. Nivalenol (NIV) was also found at up to 7.4 mg/
kg in leaf axils. The most contaminated ear fraction
was the rachis, with over 40-95 mg/kg of ZEN, NIV,
or deoxynivalenol (DON) at various times. The high-
est concentration found in kernels was 3.8 mg/kg of
DON found in apical kernels of P3751 two weeks
before harvest. The results suggest that the mecha-
nisms of maize infection by Fusarium in New Zea-
land may not be controlled by factors at silk
emergence but rather by later season events such as
high rainfall and warmer temperatures.
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INTRODUCTION

In 1995 and 1996, time-course studies were made
of natural infection by fusaria and the resulting con-
tamination by Fusarium mycotoxins, nivalenol
(NIV), deoxynivalenol (DON), and zearalenone
(ZEN), in various fractions of whole maize (Zea
mays L.) plants growing in New Zealand (di Menna
et al. 1997). The 1995 study covered the period
April-June, and examined three hybrids grown in the
Manawatu region, the most southern and coolest
maize-growing area of the country. The eight frac-
tions examined were kernels and rachis from the
apices and bases of ears, peduncles, leaf axils, and
upper and lower parts of stalks. The 1996 study
covered the period January-May, and examined two
commercial hybrids grown near Hamilton airport in
the Waikato region, a warmer region and the major
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maize-growing region of New Zealand. The 11 frac-
tions examined were tassels, husks, kernels, and
rachis from the ears, peduncles, lower and upper leaf
axils, lower and upper leaf blades, and lower and
upper stalks. Findings from the two studies were
similar for equivalent sampling times and plant frac-
tions, and were also consistent with earlier work on
Fusarium infection of Waikato maize by Sayer
(1991). It was found that Fusarium infection oc-
curred in leaf axil fractions by early January, was
detectable in leaf blades and stalks by late January,
in rachis and peduncle during February, and in ker-
nels by early April. Fusarium spp. isolated from
apical kernels and rachis sometimes differed from
those isolated from basal kernels, rachis and pedun-
cle from the same ears, suggesting that infection
could occur both at the exposed apices and system-
atically from the infected stem. There was no evi-
dence to support the theory that infection by the silk
channel was the primary source of infection (e.g.,
Reid & Sinha 1998 and references therein). It was
also observed that the Fusarium mycotoxins NIV,
DON, and ZEN were detectable in the various frac-
tions only some time after infection by fusaria was
demonstrable. At the Manawatu site, where F.
crookwellense and F. culmorum were the predomi-
nant toxigenic species isolated, NIV was found in
high concentrations relative to DON, and was the
most frequent contaminant in the kernels. At the
Waikato site where F. graminearum and F. subglu-
tinans predominated, NIV and DON occurred at
similar levels. The relative incidence of these
trichothecenes is consistent with the known toxi-
genic potential of New Zealand isolates of the domi-
nant species recovered (Lauren et al. 1991). In both
trials, the highest levels of NIV and DON were in
rachis and peduncle, which had up to 100 times more
than in most other fractions. ZEN was found most
consistently in leaf axils and blades at both sites, and
highest levels occurred in rachis followed by lower
leaf axils and blades.

The results of these earlier studies by di Menna
et al. (1997) showed a similar trend to the observa-
tions of Chulze et al. (1996) with Fusarium and
fumonisins in naturally-contaminated Argentinian
corn. They found that fumonisin contamination in
kernels at times throughout the season reflected the
relative infection by fumonisin-producing species,
F. moniliforme and F. proliferatum, compared with
the non-producing F. subglutinans. Most other stud-
ies of maize infection mechanisms have used artifi-
cial inoculation as a primary means of infection. One
such recent intensive investigation by Munkvold et

al. (1997) with F. moniliforme concluded that ker-
nel infection could occur via systemic development
from the stalk but that silk infection was more im-
portant. However, inoculation studies may not truely
reflect natural events. Indeed, maize hybrid suscep-
tibilities to natural infection by F. graminearum are
reported to be poorly matched by ratings from in-
oculation trials (Miller 1994). Also, hybrid P3902
which is described as "susceptible" (to Gibberella ear
rot) based on inoculation tests (Reid et al. 1996; Reid
& Sinha 1998) has been found in New Zealand tri-
als to be among the least susceptible to Fusarium
mycotoxin accumulation from natural infection (Ge-
netic Technologies Ltd 1997).

The current trial was set up to obtain a third sea-
son's data and further insights on the development
of natural infection of maize plants by Fusarium and
contamination by Fusarium mycotoxins through the
growing season. Apical and basal kernels and rachis
were examined separately to gain further informa-
tion on the mechanisms of kernel infection, and of
the timing of invasion by different Fusarium species,
whether toxigenic or non-toxigenic. Two hybrids
were examined, one considered resistant, and one
less resistant, to natural accumulation of Fusarium
mycotoxins under New Zealand conditions. These
two hybrids were chosen with the aim of highlight-
ing differences in infection patterns that might re-
sult in subsequent differences in mycotoxin
concentrations.

MATERIALS AND METHODS

The hybrids for the trial were Pioneer 3902 (P3902),
a short season hybrid rated resistant to mycotoxin
accumulation under New Zealand conditions, and
Pioneer 3751 (P3751), a mid season hybrid rated less
resistant (Genetic Technologies Ltd 1997). These
were planted on 4 November 1996 in blocks of six
rows by 100 m long at a site 1 km from that used for
the 1996 study. Maize had been grown on the site
in the previous four seasons. Samples were collected
from the centre four rows, by randomly selecting
plants at least 5 m apart.

Samples for whole plant study
Collection commenced on 9 January 1997 when the
plants were typically 1.2 m (P3902) to 1.5 m (P3751)
high and continued each 2 weeks until 3 July, ex-
cept for a 3-week gap from 15 May to 5 June. On
each collection day, three randomly selected plants
of each hybrid were cut at ground level and


