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Abstract.
Bautista-Baños, S., Barrera-Necha, L.L., Long, P.G., Ganesh,
S., and Cheah, L.H. 2001. Inoculum variables affecting
pathogenicity of Botrytis cinerea infection of kiwifruit. Revista
Mexicana de Fitopatología 19:161-167.
In vitro spore germination of Botrytis cinerea isolates from
diseased blueberries, camellia, grapes, kiwifruit and
strawberries grown on malt agar (MA) for 7 or 28 days were
compared. Pathogenicity of grape, kiwifruit and strawberry
isolates was tested on kiwifruit at Massey University and at
the New Zealand Institute for Crop and Food Research
(Levin). Average spore germination was 74.4% when the
suspension concentration was 5.9 x 104, and only 62.8% when
it was 1.5 x 106. The percentage germination on agar did not
indicate relative pathogenicity on kiwifruit, and there was no
significant difference in disease incidence of fruit inoculated
with different isolates after 12 weeks of coolstorage at Levin.
At Massey University, the grape and kiwifruit isolates caused
more disease than the other isolates. Botrytis storage rot was
proportional to inoculum concentration. There was no
significant effect of culture age. At Massey University; the
highest disease incidence was obtained from inoculum
produced on MA, whereas at The Crop and Food Research
Institute it was from inoculum produced on autoclaved
kiwifruit leaves.

Additional keywords. Actinidia deliciosa, in vitro spore
germination, inoculation.

Resumen. Se comparó la germinación in vitro de diferentes
cepas de Botrytis cinerea aisladas de zarzamora, camelia, uva,
kiwi y fresa, las cuales se sembraron en malta agar (MA)
durante 7 ó 28 días. La patogenicidad de los aislamientos de
uva, kiwi y fresa se evaluó en kiwi en la Universidad de Massey
y en el Instituto de Investigación de Cultivos y Alimentos en
Nueva Zelandia (Levin). El promedio de germinación de
esporas fue de 74.4% cuando la concentración de la

suspensión fue de 5.9 x 104, y de solamente 62.8% cuando fue
de 1.5 x 106. El porcentaje de germinación en agar no indicó la
patogenicidad relativa en kiwi y no hubo diferencias
significativas en la incidencia de la enfermedad de los frutos
inoculados con diferentes aislamientos, después de 12
semanas de almacenamiento a baja temperatura en Levin. En
la Universidad de Massey, las cepas obtenidas de uva y kiwi
causaron mayor enfermedad en comparación con los otros
aislamientos. La pudrición  causada por Botrytis durante el
almacenamiento de kiwi fue proporcional a la concentración
de inóculo. No hubo efecto significativo en la edad del cultivo.
En la Universidad Massey, la incidencia más alta de la
enfermedad se obtuvo con inóculo producido en MA,
mientras que en el Instituto de Investigación de Cultivos y
Alimentos fue con inóculo producido sobre hojas de kiwi
esterilizadas.

Palabras clave adicionales: Actinidia deliciosa, germinación
in vitro de esporas, inoculación.

Inducing rot in kiwifruit [Actinidia deliciosa (A Chev). C.F.
Liang et A.R. Ferguson] during storage by artificial inoculation
with spores or mycelium of Botrytis cinerea Pers.: Fr., may
present problems since rot incidence can vary considerably
from one experiment to another, even when the same strain of
B. cinerea is used as inoculum at the same spore
concentration (Beever, 1991). For a phytopathological study,
it is important to identify and quantify the sources of variability
of B. cinerea. Nutrient status, spore age, isolate to isolate
variation and inoculum concentration can all affect infectivity
of B. cinerea (Blakeman 1980). Nutrient availability is known
to affect colony morphology and growth of B. cinerea. For
example, Stewart (1986) grew a range of B. cinerea isolates
on malt agar (MA), and showed that there were significant
differences in sporulation and sclerotia formation according
to the peptone concentration of the medium. Conidia of this
fungus are dependent on exogenous nutrients for in vitro
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sporulation and germination (Leach and Moore, 1966), and
the pathogenicity of conidia is stimulated by high levels of
nutrients (Köhl and Fokkema, 1994). Nutrients required for
infection can be supplied in the form of glucose, fructose,
potato dextrose agar (PDA), MA or extracts of leaves or fruits
(Clark and Lorbeer, 1977). Conidia germination can be
stimulated in aqueous suspensions of pollen grain extracts
of various small fruits, fruit trees and ornamentals (Borecka
and Millikan, 1973), and recent studies on kiwifruit have also
demonstrated a significant increase in disease incidence, when
the spore suspension was amended with a yeast extract (Long
and Wurms, 1993). The effect of spore age and inoculum
level on germination and on infection has been studied by
Last (1960), who compared B. fabae conidia of various ages
for ability to germinate on leaves of a range of varieties of
beans. He found that percentage germination decreased with
spore age and that percentage germination was reduced due
to self-inhibition of germination, when the spore
concentration reached a critical level. This self-inhibition was
not apparent on kiwifruit, where high levels of inoculum were
required to achieve good infectivity by B. cinerea (Long and
Wurms, 1993). Mansfield and Hutson (1980) found that
infection by high inoculum levels of B. fabae and B. tulipae
on broad beans and tulip leaves, increased at a rapid linear
rate compared with the low rate found when plants were
inoculated with a lower spore concentration. B. cinerea
isolates may differ in their pathogenicity according to the
origin of isolates; for example, significant differences were
found in lesion length on red raspberry canes (Rubus idaeus
L.), after inoculation with 31 different B. cinerea strains
(Williamson and Jennings, 1986). However, all 80 B. cinerea
strains from different hosts caused apple fruit rot (Bryk, 1985).
The objective of this work was to investigate the effect of B.
cinerea isolates, culture age, culture media and inoculum level
on pathogenicity and infection of kiwifruit.

MATERIALS AND METHODS
Fruit preparation. Kiwifruit was harvested from two sites 50
km apart, at Massey University Fruit Crops Unit Palmerston
North (MU) and at the New Zealand Institute for Crop and
Food Research, Levin (ICFR). Fruit was snapped from the
pedicel at harvest at MU; at ICFR, pedicels were cut off the
vine, but they were not removed from the fruit until just prior
to inoculation. Temperature and relative humidity at harvest
were 13°C and 80%, respectively, for fruit at MU and 13-15°C
and 65-70% at ICFR. Fruit from MU had a total soluble solids
content (TSS) of 11.6% and a firmness of 76.4 N, while those
from ICFR, had a TSS of 11.0% and a firmness of 83.3 N. The
inoculum used at both sites was prepared at the same time
from the same batch of cultures. Fruit was harvested on the
same day and at a similar maturity as measured by TSS and
firmness. Kiwifruit was inoculated by placing a 17µl droplet
of suspension on the stem scar. The inoculum was allowed to
dry (30-60 min) before fruit was packed in commercial single
layer 36 count trays with polyethylene liners and coolstored

for six and 12 weeks at 0oC (90-98% rh).
Effect of B. cinerea isolates, culture age and inoculum
concentration on conidia germination. Single spore isolates
of B. cinerea were obtained from infected blueberries
(Palmerston North), camellias (Palmerston North), grapes
(Hawkes Bay), strawberries (Palmerston North) and kiwifruit
at MU (kw-Mas DS), ICFR (kw-Lev), Hort Research, Auckland
(kw-Auck) and Hort Research, Lincoln (Kw-Lin). These eight
isolates were grown for 7 or 28 days on MA at Massey
University. Spore suspensions from each isolate x age
combination were adjusted to 5.9 x 104 and 1.5 x 106 spores/ml
(equivalent to the 1000 or 25000 spores/17 µl droplet of
suspension used to inoculate fruit).  Inoculated MA disks
(20 mm diameter) in Petri plates were incubated at 20oC for 12
h and percentage germination recorded.
Pathogenicity of B. cinerea isolates from various sources
on kiwifruit. A laboratory-induced dicarboximide resistant
strain (kw-Mas DR) of the Massey isolate was included in
this test. Blueberry and camellia isolates were omitted. All
isolates (kw-Auck, kw-Lev, kw-Lin, kw-Mas DR, kw-Mas DS,
grape and strawberry) were grown for 10-14 days on MA.
The number of spores was adjusted to: 5.9 x 104, 2.9 x 105, 1.5
x 106 and 7.4 x 106 spores/ml, corresponding to 1000, 5000,
25000 and 125000 spores per 17 µl droplet.
Effect of growth media, culture age and inoculum level on
pathogenicity of B. cinerea to kiwifruit harvested from two
different locations. B. cinerea (K3 Massey isolate) was grown
on PDA, MA and autoclaved kiwifruit leaves (Kwlv) for 7, 18
or 28 days on MA. Spore concentrations from each media x
age combination were adjusted to 5.9 x 104, 2.9 x 105 and 1.5 x
106 spores/ml corresponding to 1000, 5000 or 25000 spores
per 17 µl droplet in water suspension, respectively. An
additional concentration of 125000 per droplet (7.4 x 106 spores/
ml) was also tested at ICFR. Aliquots of each spore
suspension were incubated at 20oC on MA, PDA, Kwlv and
water agar to evaluate in vitro percentage germination. For
experiments two and three, Botrytis stem end rot on fruit was
assessed at six and 12 weeks of coolstorage at both locations.
Inoculum levels. Spore suspensions were prepared by
flooding colonies with 0.02% Tween 20, agitating with a sterile
glass rod and filtering through glass wool. Spore counting
was done using a haemocytometer and adjusted to the
required inoculum level.
Statistical analysis. The first experiment was designed as a 8
x 2 x 2 factorial with three replications. Data were transformed
to square root to satisfy the assumptions for analysis of
variance (ANOVAR). For the second experiment, data from
MU were analyzed as a two factorial experiment with four
replications and data from ICFR as a complete randomized
experiment (since results for each tray within a treatment were
bulked). For this experiment, all data were transformed to
square root before ANOVAR, while for the third experiment
data were analyzed as a 3 x 3 x 3 factorial with three
replications, at MU and as a 4 x 3 x 3 at ICFR. Data from MU
required a log transformation, while those from ICFR required
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It could be that the amount of nutrients that can be carried in
a spore of B. cinerea is small in comparison with the amounts
available from exogenous sources, such as the gerbera pollen
diffusates used by Salinas et al. (1989), or the glucose
solution, standard nutrient solution, onion leaves diffusate
or filtrate of cattail pollen of Clark and Lorbeer (1977), who
found that conidia germination of B. squamosa and B. cinerea
declined with age (21 days), whether in water or nutrient
solution. We also found a tendency in germination decline
with age, but it did not appear to influence infectivity, since
disease incidence was the same when fruit was inoculated
with conidia from 7, 18 or 28 days old cultures (Tables 4 and
5). The higher infection levels recorded in fruit harvested and
inoculated at ICFR than in fruit from MU, may be due to
different harvesting methods described (Tables 4 and 5). The
fresh wound of fruit at ICFR would be more susceptible than
those at MU which were several hours old at inoculation.
This is the probable explanation for the different infection
levels at the two locations. We have found that inoculum
level was the most important factor of those studied for
artificial inoculation of kiwifruit with B. cinerea. Spore levels
can be accurately controlled using spore suspensions as a
source of inoculum, but dry spore inoculation may more

reported a direct correlation between spore load, droplet size
and lesion numbers. There are numerous reports of the effect
of spore nutrition on infectivity of B. cinerea. Exudates from
portions of tomatoes, leaves of different tomato cultivars
(Chou, 1972), grape berries (Kosuge and Hewitt, 1964) and
heads of safflower (Carthamus tinctorius L.) (Barash et al.,
1964) have been shown to enhance B. cinerea germination
and infection. Blakeman (1975) reported similar results, when
addition of exogenous nutrients equivalent to leaf exudates
of beetroot (Beta vulgaris L.) were added to a conidial
suspension of B. cinerea. He also obtained a similar effect by
addition of certain amino acids and/or simple sugars such as
fructose and sucrose to the growth media. Isolates of B.
cinerea evaluated in this study were all pathogenic to kiwifruit
and up to 20% of inoculated fruit became diseased. The
statistical significant difference between isolates after six
weeks incubation were probably not real effects, since the
relative virulence of isolates was not the same at each site,
and the significant differences had disappeared by 12 weeks
of coolstorage at ICFR (Tables 2 and 3). The concept of
inoculum potential as applied to postharvest infection of
kiwifruit by B. cinerea can be divided into two components:
spore numbers and spore energy (nutrition and viability).
The effect of three media on infectivity of B. cinerea spores
was not clear in our experiments (Tables 4 and 5). Compared
with inoculum levels, the effect of growth media was minimal.

Table 4. Summary of the effects of media, culture ages and
inoculum level on incidence of stem end rot caused by Botrytis
cinerea at Massey University Fruit Crops Unit, after storage
at 0oC.
Source Level      Mean Infection (%)x

 6 weeks 12 weeks

xP values after log transformation. NS = not significant.
yMean separation within columns by Duncan’s multiple range test,
P = 0.05. Values in parentheses indicate overall standard error of the
mean.
zIn a droplet of 17µl.

Main effects NS P = 0.01
Media PDA 5.32 (1.9) ay 7.17 (2.3) b

M A 6.35 (2.0) a 11.17 (2.3) a

Kwlv 3.58 (1.1) a 6.95 (1.4) b

NS NS
Culture Age (Ca) 7 4.60 (1.3) a 8.1 (1.5) a
(days) 18 5.95 (2.0) a 9.4 (2.5) a

28 4.71 (1.7) a 7.6 (2.1) a

P = 0.001 P = 0.001
Inoculum level

z
1000 0.10 (0.1) a 2.33 (0.4) a

5000 2.04 (0.9) b 6.95 (1.3) b

Table 5. Summary of the effects of media, culture ages and
inoculum level on incidence of stem end rot caused by Botrytis
cinerea at Crops and Food Research Levin after storage at
0oC.
Source Level       Mean Infection (%)x

 6 weeks 12 weeks
Main effects P = 0.001 P = 0.01
Media PDA 23.31 (6.4) by 31.25 (6.3) b

M A 23.75 (8.5) b 34.28 (7.8) b
Kwlv 42.32 (6.4) a  50.50 (5.7) a

NS NS
Culture Age (Ca) 7 29.04 (4.3) a 37.63 (4.0) a
(days) 18 28.56 (7.7) a 37.64 (7.3) a

28 31.78 (7.0) a 40.76 (6.7) a

P = 0.001 P = 0.001

Inoculum levelz 1000 7.84 (2.8) c 19.44 (3.6) c
5000 18.17 (4.8) b 27.33 (4.4) bc
25000 28.67 (6.9) b 37.66 (6.9) b
125000 64.89 (4.2) a 70.27 (3.7) a

Interactions
Me x Ca NS NS
Me x K NS NS
Ca x K NS NS
xP values after square root transformation. NS = not significant.
yMean separation within columns by Duncan’s multiple range test,
P = 0.05. Values in parentheses indicate overall standard error of the
mean.
zIn a droplet of 17µl.
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