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Calcium, fungicide sprays and canopy density influence postharvest
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Abstract. A study was carried out in eight orchards in 1999, 2000 and 2001 to examine the effect of preharvest factors
on postharvest rots of ‘Hass’ avocados in New Zealand. A further 14 orchards were sampled in 1999 and, of these, 13 were
sampled in 2000, depending on fruit availability. Orchards were selected following consultation with industry personnel to
obtain a sample representative of fruit quality in New Zealand. Fruit were harvested in early January at a dry matter content
of ~33%, then stored and ripened at 20°C. Fruit were assessed for stem-end and body rots when ripe, and fungi from rots
were isolated and identified. For the 3 years’ data collected from the same eight orchards, the incidence of stem-end rots was
linearly related to the number of fungicide applications, mainly of copper and a few of benomyl. In 1999 and 2000, an index
describing canopy density and the amount of dead branches in the canopy was significantly related to the incidence of body
rots, but not to the incidence of stem-end rots. In 2000, a significant relationship was found between body rot incidence
and severity and fruit calcium levels. Body rots were found to decrease with increasing temperature and rainfall in 2000
when these data were collected for seven orchards. In contrast, calcium content in fruit was positively related to these
factors. The most common pathogen from isolations was Botryosphaeria parva, followed by Colletotrichum acutatum.
To improve fruit quality of avocados in New Zealand, it is recommended that growers apply fungicides more than eight
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times and calcium to increase the (calcium + magnesium)/potassium ratio above 0.065 in fruit.

Additional keywords: Botryosphaeria dothidea, Colletotrichum gloeosporioides, Phomopsis sp.

Introduction

The New Zealand avocado industry began in the 1980s.
Recently, plantings have been increasing at an exponential
rate (plantings 5 years or older were 946ha in 199697,
2138 ha in 2003-04), but production has been at similar levels
for the last 4 years (0.6 million trays [each of 5.5kg] in
1996-97, 2.3 million trays in 200001, and 1.94 million trays in
2003-04; Anonymous 2004). Currently, over 98% of avocados
grown in New Zealand are Persea americana ‘Hass’, and 64%
of'total production is based in the Bay of Plenty (Katikati and Te
Puke), 23% in the mid-North (Whangarei and Mangawhai), 10%
in the Far North (Kaitaia), and 4% in the rest of New Zealand
(Fig. 1; Anonymous 2004). Avocados in New Zealand
set fruit mainly during October, and most are harvested
11-17 months later from September until March. New Zealand
fruit are sold in the domestic market and exported to Australia,
USA, Japan and other Asian countries. Fruit are cool-stored at
4-7°C for varying times up to ~30 days. Coolstorage can change
fungal populations and affect the amount of rots (Everett 2003).
Ripening temperatures can improve fruit quality by reducing rots
(Hopkirk et al. 1994). Fruit in this study were stored at 20°C,
a temperature that allowed sufficient rots to express in order to
find differences among fruit from different orchards.

The fungi that infect avocados and cause postharvest rots are
primarily water dispersed (Fitzell and Peak 1984; Fitzell 1987;
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Ahimera efal. 2004). Avocado fruit are infected by
Colletotrichum gloeosporioides as latent infections (Binyamini
and Schiffmann-Nadel 1972). The mechanism of infection
by other pathogens has not been reported for avocados, but
in apples, Kim et al. (1999) showed both latent and direct
infection by spores of Botryosphaeria dothidea, a fungus
that also infects avocados. There are two forms of disease:
body rots, infecting fruit through the sides, or stem-end
rots, beginning at the wounded pedicel then growing into
the flesh. In New Zealand, Hartill (1991) reported that
C. acutatum, C. gloeosporioides, B. parva, B. dothidea,
Fusicoccum luteum and Phomopsis spp. cause body rots and
stem-end rots of avocados. Postharvest rots of avocados in
New Zealand are thus best described as a disease complex,
and infections by different pathogens are difficult to distinguish
except by isolations. In all other avocado-growing countries,
body rots are caused most commonly by C. gloeosporioides,
and stem-end rots by Dothiorella spp. (Snowden 1990).
The genera Dothiorella and Fusiccocum are synonomous
with the anamorphs of Botryosphaeria (Pennycook and
Samuels 1985).

Infections by C. gloeosporioides that lead to postharvest
rot infections in avocados are latent (symptomless) while fruit
are still attached to the tree and express only as fruit ripen
(Prusky et al. 1991a, 1991b; Coates et al. 1993a). Infection
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Fig. 1. Geographic location and latitude of the regions studied.

takes place in the field during the season (Binyamini and
Schiffmann-Nadel 1972; Peterson 1978; Coates et al. 1993b)
and there is very little evidence for postharvest infection.
Usually the postharvest rot complex is controlled in the field
by application of copper fungicides to reduce inoculum levels
(Peterson and Inch 1980; Darvas et al. 1987; Hartill 1992).
In New Zealand, only benomyl and copper were registered for
use in avocado orchards even though recently, benomyl has
been removed from sale. Benomyl was applied infrequently,
not more than three applications per season, and copper can
be applied up to 18 times in a season. All growers that spray
apply copper but only a few apply benomyl as well. Efficacy
trials in orchards have shown that both fungicides are equally
effective (Hartill 1992). Additional control is achieved by
applying postharvest fungicide applications of prochloraz, and
by storing, transporting and selling fruit at optimal temperatures
(Hartill 1992; Hopkirk et al. 1994; Everett and Korsten 1998).
Despite this knowledge, postharvest rots of avocados can
still cause economically significant losses in the marketplace
(Olphert 2000).

Preharvest factors other than inoculum levels are known
to be important in the susceptibility of fruit to fungal
pathogens. For instance, rot diseases in fruits other than
avocados have been reduced by preharvest application of
calcium (Ca) (Vang-Petersen 1980; Smith and Gupton 1993)

Table 1.
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and nitrogen fertilisation (Davenport and Provost 1994), and
Botrytis spp. in grapes can be managed by reducing canopy
density (Gubler ef al. 1987).

Calcium is frequently described as a ratio with
magnesium (Mg) and potassium (K) because these other
minerals interact with and affect Ca uptake (Martin-Prevel
et al. 1987). In avocados, mineral nutrition, particularly fruit
Ca status, has previously been implicated in a variety of storage
problems including chilling injury, poor shelf-life and vascular
browning (Tingwa and Young 1974; Chaplin and Scott 1980;
Eaks 1985; Thorp et al. 1997). A significant inverse relationship
between the incidence of body rots and fruit Ca and Mg status
and the (Ca+ Mg)/K ratio in ‘Hass’ avocados has been found
by other workers (Hofman et al. 2002). Relationships have also
been found between fruit storage disorders and the (Ca + Mg)/K
ratio in the soil and leaves of ‘Fuerte’ avocados (Koen ef al.
1990). Willingham et al. (2004) hypothesised that improved
quality of ‘Hass’ avocado fruit from non-vigorous trees was a
result of a higher concentration of Ca compared with levels in
fruit from vigorous trees. The following study was instigated
to investigate the effect of selected preharvest factors on
postharvest rots of avocados.

Materials and methods
Fruit harvesting, maturity and nutrition

Fruit were sampled from eight avocado orchards in early
January 1999, 2000 and 2001, when fruit dry matter averaged
33.9, 33 and 33.6%, respectively. January is late-season for
New Zealand avocados, a time when rots are known to be
prevalent. Orchards were selected on the basis of advice from
industry personnel to include both good and bad orchards from
each of the main avocado growing regions of New Zealand.
Selected grower practices and environmental parameters were
recorded and analysed to determine their influence on the
incidence and severity of postharvest rots.

The orchard locations ranged from Kaitaia in Northland to
Te Puke in the Bay of Plenty (Fig. 1). The same eight orchards
were sampled each year, but in 1999 and 2000, fruit were
sampled from additional orchards, a total of 22 and 21 orchards,
respectively (Table 1). Fruit were harvested (11 fruit from each
of 10 trees per orchard selected randomly), and immediately
packed into avocado boxes containing fibreboard trays (Plix),
with 11 fruit per box. Fruit were transported to a 20°C controlled
temperature room at Mount Albert Research Centre (MARC)

Number of orchards sampled in each region and rainfall and temperature data

Rainfall and temperature data are from long-term weather stations (New Zealand Meteorological Service 1980). Mangawhai and
Katikati data are from weather stations about 30 km distant (Leigh and Tauranga). The eight orchards selected in 2001 were the
four orchards with the fewest rots and the four orchards with the most rots in 2000

Region No. of orchards sampled Annual Average daily temperature (°C) No. of years
1999 2000 2001 rainfall (mm) Maximum Minimum data recorded
Kaitaia 4 4 0 2234 19.5 11.7 32
Whangarei 6 6 2 2018 19.9 10.9 31
Mangawhai 2 2 2 1574 18.7 12.7 24
Katikati 6 5 1 1759 18.7 11.3 10
Te Puke 4 4 3 2608 18.8 9.3 7
Total 22 21 8
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Auckland, New Zealand, within 58 h of harvest. Each year,
5-10 fruit per orchard, selected randomly, were tested for
maturity immediately after arrival at MARC by calculating
percentage dry matter. The flesh of half of each fruit was
grated after the peel and stone were removed, and percentage
dry weight determined after drying at 80°C for 24 h and then
dividing by fresh weight and multiplying by 100. A further
5-10 fruit were retained for mineral analysis. The flesh from
these fruit was dried and ground before being analysed for Ca,
Mg and K using nitric acid digestion and atomic absorption
spectroscopy (Thorp et al. 1997). Nitrogen was reduced to
ammonium using the Kjeldahl method by sulfuric acid and
selenium digestion (Allen 1974). Ammonium concentration was
determined by a salicylate—isocyanurate colourimetric assay
(Adamsen et al. 1985).

Storage and rot assessment

Each year, avocados were stored at 20°C after harvest. When
ripe, as determined by hand firmness (Everett et al. 1999), fruit
were cut in quarters and assessed for rots similar to the method of
Hartill (1991). In 2001, fruit were also peeled and rots recorded
as described previously (Everett 2003) and elsewhere (Korsten
et al. 1995; Willingham et al. 2004). Quartering was adopted as
a timesaving method when sample numbers were large in 1999
and 2000, but peeling ensured that all rots were counted and
was more suitable for the smaller sample size in 2001. In both
methods, fruit were assessed for rot by estimating the percentage
of the surface area of the fruit flesh affected (severity) and by
counting the number of fruit with rots (incidence). A sample of
rotten flesh was placed on potato dextrose agar (PDA) without
sterilisation if from the peeled surface, and if exposed by cutting,
was re-cut with a sterilised scalpel before placing on PDA. Fungi
growing out from diseased tissue after 2—3 weeks in diffuse light
at ambient temperatures (about 20°C) were identified based on
diagnostic morphological characteristics. Rots were described
separately as body rots and stem-end rots. These categories are
similar to anthracnose and stem-end rots described elsewhere
(Willingham et al. 2004). Anthracnose is specifically used to
describe rots caused by C. gloeosporioides on avocados (Ohr
et al. 2006). Because rots that infect through the sides of fruit
are also caused by other fungi in New Zealand, the term body
rots has been adopted (Everett 2003).

In-orchard data collection

Every year, the following data were collected for each orchard:
number of applications and type of fungicide from fruit set
(October) to harvest 15 months later (January); shelter belt
species and height; type of adjacent crop; the orchard latitude,
longitude and altitude; slope (gradient of orchard); the type of
irrigation; type and depth of mulch; canopy height (m); leaf
height inside the canopy (m); a rating (0-3) of the amount of
dead branches in the canopy; a rating (0-3) of canopy density;
tree spacing (m); tree height (m) and age; and trees that were
showing symptoms of Phytophthora infection. Symptoms of
Phytophthora infection are yellowing and wilting followed by
loss of leaves, first from the ends of branches and twigs, then
progressively down the branch (Darvas ef al. 1984). Leaf height
inside the canopy was determined by standing inside the canopy
and estimating the vertical height at which leaves were first
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apparent. Canopy density was estimated by standing inside the
canopy and taking a photograph by pointing a Nikon F601
camera skyward using a Nikon/Nikkor 80-mm lens focused at
infinity. Resultant print photographs were separated into three
groups, where 1 was the least dense canopy and 3 the most dense.
The score of zero (no canopy) was not given. A canopy index was
derived from these data using the formula: canopy index = dead
branches + [(canopy density x leaf height inside canopy)/tree
spacing]. This indice was derived following analysis of canopy-
related factors using multiple regression, stepwise regression
and best subsets regression (Minitab Release 12, Minitab Inc.,
State College, PA) to ascertain the best fit to body rots. No fit
was found to stem-end rots. Removal of dead branches has been
reported to reduce rots (Hartill 1992), presumably by reducing
inoculum sources (Hartill and Everett 2002), and inclusion of
this factor improved the relationship with body rots.

Additional information was collected for each of the
21 orchards in 2000: fungicide rate, method of application and
volume per hectare; mean weight of fruit; and leaf weight and
area. Rainfall and temperature were monitored for 40 days before
harvest on or near (~1km away for one site) seven sites. Forty
days before harvest was the time period selected for monitoring
because fungi that infect avocados are water-dispersed and
more infections may take place in periods of high rainfall
immediately before harvest (Pak et al. 2002). Temperature
was also monitored because mean daily temperatures above a
threshold are required for infection to occur (Everett and Pak
2002) and these temperatures are sometimes not exceeded during
January in New Zealand (Table 1).

Data analysis

Each of the factors described above was examined separately
and, for nutrition, canopy index and fungicides, in combination
using scatter plots, linear model analysis of variance (ANOVA)
and regression analysis (best subsets and stepwise) to ascertain
any influence on body rots and stem-end rots. Scatter plots
showed if data required transformation to meet the assumptions
of ANOVA and linear regression. When linearisation was
thus required, data was transformed using the logistic
[log(p/1 — p)=a+ bx] or logarithmic (logo) functions. All
factors were compared with each other for each of the 3 years.
Mean fungicide data were compared with mean body and stem-
end rots for the 3 years studied for the eight orchards sampled
every year. The statistical and graphics packages, Minitab
Release 12, Microcal Origin (OriginLab, Northampton, MA),
SAS (SAS Institute Inc., Cary, NC) and MathSoft S-plus 4.5
(MathSoft International, Bagshot, UK) were used.

Results

Number of rots

The mean total rot incidence for the eight individual orchards
sampled every year decreased over the 3 years of the survey
(Table 2). There was a higher incidence of body rots in 2000

than in 1999 and 2001. The mean number of stem-end rots was
higher in 1999 than in 2000 and 2001.

Isolations

The most common fungus isolated from postharvest rots of
avocado in New Zealand was B. parva (Fig. 6). The second most
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Table 2. Rot levels (mean % incidence of 100 fruit per orchard =+ s.e.)
for each year of the study

Fruit were stored and ripened at 20°C, and rots were assessed when ripe

Factor 1999 2000 2001

Body rots 145£8.8 213+£114 6.5+4.6

Stem end rots 41.0+19.1 16.3+8.4 22.5+17.1

Total rots 482+19.8 3394143 27.4+16.7

No. of fungicide 3.94+4.0 8.1+6.1 9.94+7.0
applications

Table 3. Correlations (linear correlation coefficient, r) between rots

and calcium (Ca), magnesium (Mg), potassium (K) and nitrogen (N)
in 2000
Incidence values were logit-transformed (log(p/1 —p) before linear
regression analysis. Severity values were logjo transformed before linear
regression analysis. **P <0.0001, *P < 0.02

(Ca+Mg)/K Ca Mg K N
Body rot incidence —0.72%* —-0.37 —-0.28 0.14  —-0.30
Stem end rot 0.10 —0.17 0.14 0.04 0.19
incidence
Body rot severity —0.76** —-0.51*  —0.12 0.50* 0.35
Stem end rot —0.22 —0.05 0.12 —-0.11 —0.04
severity

common fungus was C. acutatum. Phomopsis sp. was seldom
isolated from body rots. Analyses of regional and seasonal
differences for 1999 and 2000 showed that C. acutatum was
significantly more frequently isolated from body rots in fruit
from Kaitaia than in fruit from Whangarei and Te Puke (Tukey’s
test, P <0.05), and from stem-end rots in Te Puke compared
with all other regions (Fig. 7 and Table 4). All fungi apart
from B. parva were more frequently isolated from stem-end
rots in 2000 than in 1999 (P < 0.05). Botryosphaeria parva was
more frequently isolated from body rots in 1999 than in 2000
(P <0.05).
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Fungicide application

The relationship between fungicide application and rots
improved when the number of months that fungicides were
applied was analysed, rather than the number of times fungicides
were applied. Both benomyl and copper were counted as a
fungicide application because of their similar efficacy. There
was no obvious relationship between spray volume, timing and
rates and rots. There was a steady increase in the number of
fungicide applications over the three seasons surveyed, and this
was linearly related (P =0.009, R?> =99%) with a decrease in
the numbers of rots in fruit (Table 2).

Further analysis of rot incidence in relation to fungicide
application using linear and non-linear curve fitting and the
mean of 3 years’ data for eight orchards sampled every year
showed that stem-end rot incidence was inversely linearly related
to fungicide use (P=0.002, R*> =83%; Fig. 2a). In contrast,
there was, overall, a quadratic relationship between body
rot incidence and fungicide application (P =0.04, R*> =74%;
Fig. 2b). However, in the third year, the incidence of body rots
was linearly related to the number of fungicide applications
(P=0.01, R*> = 69%; Fig. 3).

Relationship between rots and nutrition

Mineral analysis of fruit from 22 orchards in 2000 showed there
was a significant relationship between Ca and K and body rot
severity (P=0.02, R> =26% for Ca; and P=0.01, R =28%
for K). Body rot incidence decreased as the amount of Ca in
fruit increased, and increased with increasing K concentration.
A stronger statistical relationship (P=0.0001, R*> = 58%) was
found when the incidence was compared with the ratio of
(Ca+ Mg)/K and this relationship was improved (P =0.0001,
R? =59%) when body rot severity was compared with the ratio.
There were no significant relationships between body rot or stem-
end incidence or severity and nitrogen or Mg (Table 3).
Statistical analysis of the 2001 data found no significant
relationships between body rot incidence and the severity and
the fruit content of any of the nutrients measured, or the ratio
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Fig. 2. Relationship between the mean number of fungicide spray applications per season (14 months from November to January) and mean incidence of
body rots and stem-end rots of avocado fruit (n =100 fruit per orchard). The same eight orchards were sampled in January 1999, 2000 and 2001.
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Fig. 3. Relationship between number of peeled avocado fruit with body
rots and number of fungicide applications to eight orchards in 2001.

Table4. Significance of the effect of region and season on the incidence
of body rots and stem-end rots
n.a., not applicable as only one isolation was made

Fungus Body rots Stem-end rots
Region Year Region Year
C.acutatum 0.011 0.811 0.027 0.002
C. gloeosporioides 0.295 0.597 0.217 0.0001
B. parva 0.345 0.002 0.741 0.443
B. dothidea 0.698 0.483 0.514 0.0001
Phomopsis n.a. n.a. 0.655 0.017

(Ca+ Mg)/K, but when included with the 2000 data, the fit with
rot incidence was improved (Fig. 4). The lack of significant
relationship for the 2001 data may have been for several
reasons including the smaller number of orchards sampled in
2001, the lower overall incidence of body rots (7.5-47% in
2000 and 2.5-12% in 2001), or the higher (Ca + Mg)/K ratios
(0.048-0.080 in 2000 compared with 0.065-0.085 in 2001).

Climate factors

In 2000, body rot incidence and severity decreased as the mean
temperature over the 40 days before harvest increased for seven
orchards. When incidence of body rots were logit-transformed,
the linear relationship was significant (P=0.01, R?> =74.3%;
Fig. 5).

The relationship between rot incidence and severity and
rainfall was examined by analysing total rainfall over 24 and 48 h,
and 10-, 20-, 30- and 40-day periods before picking. Body
rots decreased as rainfall increased for 20- (P=0.03) and
30-day periods (P=0.04) (Fig. 5). There was no significant
relationship with stem-end rots. Temperature and rainfall were
not interrelated. There were strong relationships between the
(Ca+ Mg)/K ratio, logit body rots, temperature and rainfall
(Fig. 5). The (Ca+ Mg)/K ratio was positively linearly related
with temperature (P = 0.02, R* = 67.2%) and rainfall (P = 0.03,
R? =66.2%; Fig. 5).
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Fig. 4. Relationship between calcium (Ca), magnesium (Mg) and
potassium (K) expressed as (Ca+ Mg)/K and frequency of body rots in
avocado fruit. Data from 2000 and 2001 are combined.

The incidence of body rots in fruit from the same orchards
sampled the following year (2001) was not related with the
previous year’s rainfall. There was a positive linear relationship
between temperature in orchards for 40 days before harvest in
2000 and the (Ca+ Mg)/K ratio of avocado fruit sampled the
following season (2001) (P=0.03, R* =72%).

Canopy index

There was a weak relationship between body rot incidence and
severity and canopy index for each of the 2 years that this
factor was investigated (1999: P = 0.04, R?> = 18.5%; and 2000:
P=0.02, R> =23.3%). The higher the canopy index, the greater
the incidence x severity score for body rots.

Nutrition, body rots, canopy index and fungicides

In 2000, the three main factors that might be linked to
incidence of body rots [number of fungicide spray applications,
the (Ca+Mg)/K ratio and the canopy index] were each
examined after adjusting for the effects of the remaining two
factors. Following this analysis, only the (Ca+ Mg)/K ratio
remained significant (P <0.001, R>=64.8%). When these
three factors were used in a three-way ANOVA, the relationship
with body rot severity was highly significant (P < 0.001,
R? =67.4%).

Other factors

For 1 year only, several factors were related to rots. Stem-
end rot incidence decreased as altitude (P =0.05, R*> = 18%),
latitude (P =0.02, R*> =23%), shelf life (P=0.01, R> =25%)
and depth of avocado mulch (P = 0.03, R? =36.8%) increased,
and increased as depth of other types of mulch than
avocado increased (P =0.01, R> = 54.8%). Incidence x severity
of stem-end rots was positively related to depth of other
types of mulch than avocado (P=0.01, R>=55%). Body
rot incidence decreased as latitude and maturity increased
(P=0.03,R*> =21%and P=0.02, R> = 23%, respectively), and
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Fig. 5. Relationships between body rots of avocado fruit and calcium (Ca), magnesium (Mg) and potassium (K) contents in fruit expressed as (Ca + Mg)/K,
total rainfall for 30 days before harvest and mean daily temperature for 40 days before harvest in 2000. Seven orchards were sampled.

incidence x severity of body rots decreased as depth of other
types of mulch than avocado increased (P = 0.04, R* = 19%).
There were no significant relationships between rots and any of
the other factors.

Discussion

Fruit quality increased over the 3 years of this study and there
was a related increase in the number of fungicide applications
per season, and an increase in the Ca content in fruit. Every
year, a report was sent to participating growers, results were
reported in the New Zealand avocado industry journal, and in
2000, growers were instructed on applying Ca supplements at the
annual research conference. Fungicide and Ca usage may have
increased during the course of this study due to this feedback
to growers.

C. gloeosporioides was less frequently isolated from avocado
body rots than B. parva, B. dothidea and C. acutatum.
Researchers in other countries report that C. gloeosporioides
is the most common fungus isolated from rots that infect
through the sides of the fruit (Snowden 1990). The reason
for this difference may be climatic; New Zealand’s mean

daily temperatures are lower than most other avocado growing
countries (World Avocado Data, www.avocadosource.com,
verified 10 October 2006). Everett and Pak (2002) showed that
the mean daily temperatures required for spore germination of
C. gloeosporioides are only sometimes exceeded in avocado
growing districts in New Zealand. In contrast, B. parva spore
germination was not inhibited. Spores of C. acutatum are
able to germinate at cooler temperatures (>16.5°C) than are
spores of C. gloeosporioides (>20°C) (Everett and Pak 2002;
Everett 2003).

It is possible that in the warmer far north region of Kaitaia,
C. acutatum is able to compete with B. parva more effectively
to cause more body rots than elsewhere. The reason for
the prevalence of C. acutatum in stem-end rots from Te
Puke in 2000 is not clear. The effect of different factors
on the relative importance of each of these fungi requires
further investigation.

In the 2000 season, when 21 orchards were surveyed, body
rot incidence and severity decreased as the (Ca+ Mg)/K ratio
in fruit increased, in agreement with other studies on avocado
(Koen et al. 1990; Hofman et al. 2002; Willingham ef al. 2004).
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Fig. 6. Mean number of isolations from avocado fruit rots +s.e. Values
are the means of orchards sampled in 1999, 2000 and 2001, a total of
51 orchard samples of 100 fruit each. C.a., Colletotrichum acutatum;
C.g., C. gloeosporioides; B.p., Botryosphaeria parva; B.d., B. dothidea; P.,
Phomopsis sp.

Body rot pathogens infect through the skin, either directly or
after first forming an appressorium (Binyamini and Schiffmann-
Nadel 1972; Kim et al. 1999). Increasing Ca levels in apple
fruit by either preharvest sprays or postharvest dips can reduce
the incidence of storage rots (Vang-Petersen 1980; Fallahi et al.
1997; Conway et al. 1999). Similar results have been found in
other crops where reduced rot incidence has been associated
with slower rates of softening (Ferguson and Boyd 2001).
This suggests that Ca may inhibit cell wall breakdown, thus
influencing both processes. A direct effect of Ca on cell wall
integrity has also been implicated (Willingham et al. 2004).

In 2001, the relationship between body rot incidence and
severity and the (Ca+ Mg)/K ratio was not significant. This
is a typical finding in many studies examining relationships
between fruit quality and mineral nutrition (Hofman ez al. 2002;
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Ferguson et al. 2003). There are many reasons why a statistically
significant relationship can be found in one season and not
another. In the current study, this may be a result of the small
sample numbers, a lower incidence of rots or less spread in
the (Ca+ Mg)/K ratio in 2001 (8 orchards compared with 21
in 2000). Another explanation is that the (Ca + Mg)/K ratio in
the fruit harvested from all orchards in 2001 was >0.065, and
the growers in this study may have improved their nutrition
program such that no further decrease in fruit susceptibility
could be obtained by increasing Ca levels. In another study
in New Zealand where the ratio of (Ca+ Mg)/K in fruit from
all orchards sampled was above 0.065, no relationship was
found (Thorp et al. 1997). However, a possible Ca effect on
the incidence of body rots was found when the ratio was above
0.065 for avocado fruit grown in the soil types and climate of
Queensland, Australia (Willingham et al. 2004). It is possible
that Ca levels are only related to rots when below a certain
threshold in fruit in New Zealand.

There was no relationship between stem-end rot incidence
and severity and the mineral levels in sampled fruit. This is not
unexpected as stem-end rots infect through the picking wound
(Hartill and Everett 2002). If penetration takes place through the
open ends of the vascular system of the stem-end then cell wall
strength, which is related to mineral nutrition, would be unlikely
to influence the initial infection.

There was a strong relationship between body rot incidence
and severity and both temperature and rainfall, even though
results from more seasons would be useful to verify this
relationship found for only seven orchards. Uptake and
movement of Ca in the plant is essentially passive and, therefore,
acropetal (Martin-Prevel et al. 1987). There are several studies
that suggest that the transpiration stream is important in Ca
uptake. Seedling ‘Duke’ and ‘Topa Topa’ avocados grown in
soils with high moisture levels had greater total Ca levels than
plants grown in soils with low moisture levels (Slowik et al.
1979). In apples, adequate evaporation from primary leaves
is crucial to achieving high levels of fruit Ca (Jones and
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Fig. 7. Mean number of isolations from avocado fruit rots s.e. from each of the regions studied (Kaitaia, Whangarei, Mangawhai, Katikati, and
Te Puke). Values are the means of orchards sampled in 1999 and 2000, a total of 43 orchard samples of 100 fruit each. C.a., Colletotrichum acutatum; C.g.,
C. gloeosporioides; B.p., Botryosphaeria parva; B.d., B. dothidea; P., Phomopsis sp. Bars marked with asterisks indicate significant differences following

analysis of variance and Tukey’s test (P < 0.05).
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Samuelson 1983). Irrigation increased fruit Ca uptake in apples
(Neilsen and Stevenson 1986). Ca translocation to tomato
fruit was reduced in plants grown in conditions of high
humidity, compared with those of plants grown in conditions
of low humidity (Gislerod et al. 1987; Ho 1989). Because both
temperature and rainfall have an effect on the transpiration
stream, these factors may also influence Ca uptake. Therefore,
the effect of temperature and rainfall on body rots may be through
its relation to Ca uptake rather than through a direct effect on the
fungi that cause disease. This is further supported by the inverse
nature of the linear relationship between rainfall and rots in this
study. If rainfall was directly related to spore dissemination,
germination and infection, the relationship would expected to
be positive rather than negative. The negative linear relationship
between temperature and rots would also be unexpected if
the principal effect of temperature was on spore germination.
For the pathogens that cause rots in New Zealand, increase in
temperature would be expected to enhance spore germination
and thus infection (Everett and Pak 2002), rather than reduce
numbers of fruit infected with body rots (Fig. 5). Additionally,
if the temperature and rainfall relationships were directly
affecting spore germination and infection, then a relationship
with the number of fruit with stem-end rots would be expected,
but there was none.

Generally the temperature of different sites relative to each
other does not vary greatly from one year to another, and,
therefore, it is not surprising that the Ca level of fruit harvested in
2001 was also related to temperature in 2000. It is also possible
that Ca uptake occurs mainly when fruit is young as it does for
apples (Wieneke and Fuhr 1973; Ferguson and Watkins 1981),
but if this was so, then the temperature for 2000 should not have
influenced Ca levels in mature fruit harvested 3 months later.
Avocado fruit cells continue dividing until harvest (Schroeder
1953; Valmayor 1967), thus new cells are continually forming
and continuous uptake of Ca is probably helpful in disease
control throughout the season.

The linear relationship between the number of fungicide
applications and stem-end rots suggests that the incidence of
these rots is primarily influenced by the amount of inoculum.
Frequency of fungicide sprays was the only factor consistently
related with stem-end rots in this survey, providing further
supporting evidence for this hypothesis. Inoculum sources
have been identified as dead leaves, mummified fruit (Fitzell
1987), leaf margins, twig lesions, bark on trunks (Darvas et al.
1987) and the outer layers of the pedicel and twig cambium
(Hartill and Everett 2002). Preliminary trials have suggested
that removal of some of these inoculum sources, especially
dead twigs and mummified fruit, can in some circumstances
reduce incidence of rots (Hartill 1992). It would be useful to
further investigate removal of inoculum sources as a method
of rot control.

Unless more than eight fungicides were applied, body rots
were no fewer than the numbers of body rots in unsprayed
fruit. Fruit to which 6-7 fungicide applications were made had
more body rots than fruit that were unsprayed, or sprayed once
during the season. This is in agreement with previous results that
showed that 3—4 fungicide applications increased the numbers
of rots in fruit (W. F. T. Hartill, pers. comm.). The reason for the
detrimental effect of a few fungicide applications is not clear,
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but it could be related to reducing the population of non-target
beneficial microorganisms.

The relationship of body rot incidence to fungicide
applications was described using a quadratic equation. This
suggests that factors other than the amount of inoculum are
important in determining the numbers of fruit infected through
the side by rot fungi. Indeed, results of this survey have shown
that in one year, Ca was an important determinant of body rot
incidence and severity. In 2001, when this factor was no longer
important, the relationship between body rots and fungicides was
inversely linear. Rots were assessed in peeled fruit for the data
presented in this graph (Fig. 3). It is not clear if the linear nature
of this relationship is because Ca was no longer an important
factor, or if this is an anomaly of the different assessment
techniques used (quartering compared with peeling the fruits).
A sample of 1032 fruit was assessed using both methods. The
quartering method under-reported body rots, but the amount of
rots assessed was significantly related to the amount assessed
using the peeling method (P < 0.0001, R? =55%). There was
no difference between the two methods for assessing stem-
end rots. Although assessing body rots following cutting in
quarters may not be as accurate as assessing fruit following
peeling, and the peeling method may have been a better indicator
of actual rot levels, clear relationships were identified by the
quartering method.

In this study, body rot incidence and severity were directly
related with canopy index (R?>=18.5 and 23.3% in 1999 and
2000, respectively). The canopy index included a factor that
represented the amount of inoculum (amount of dead branches)
as well as canopy density. A high canopy index value thus
indicated a denser canopy with more inoculum. Although this
relationship was relatively weak, the effect of canopy density
warrants further investigation because of a similar relationship
recorded in other crops (Gubler et al. 1987). Spores of the
fungal pathogens that cause postharvest rots of avocados require
conditions of high humidity for dissemination, germination and
infection (Estrada et al. 2000; Ahimera et al. 2004). Humidity
is reduced in a more open canopy, and this may minimise
infections.

There were other factors that had a relationship to rots that
were significant for 1 year only. This does not mean that they were
not important, analysis and interpretation of data generated from
an observational study such as the orchard rot survey needs to
be careful. Because there are a large number of factors that can
influence rots in the orchard, lack of reporting of an unknown
influential factor can adversely affect conclusions that are made.
Results of replicated and blocked trials are, therefore, more
reliable because the experimental design removes the effect of
unknown factors. However, those factors identified as important
in this study, e.g. fungicides, Ca and canopy, have been identified
by other workers as influencing rots from the results of replicated
trials in avocado or in other crops. This study has identified some
factors, such as the effect of mulch, that need to be investigated
further in replicated blocked trials. Although the survey did
not find any significant relationships between rots and the use
of irrigation, this factor may also be important because of the
relationship found between rainfall and body rots. From these
results, it is recommended that Ca is applied to avocado orchards
to achieve a ratio of (Ca+ Mg)/K above 0.065 in fruit, and that
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more than eight fungicides are applied each season to reduce
rots. Further trials are required to investigate different strategies
for managing the canopy of avocados and their effect on body
rots before recommendations can be made to growers.

Acknowledgements

We would like to sincerely thank all the growers and avocado industry
personnel who participated in this survey, and the NZ Avocado Industry
Council for funding. We would especially like to thank Jessie Miller,
Sonja Hoeffer, Fay and Neil Everett, Gordon Grandison, Lisa Benson
and Diane Morton for technical assistance. Thanks to Mary Petley for
mineral analysis, and to Robert Beresford, Bill Hartill, Warwick Henshall,
Grant Thorp, Nagin Lallu, Jem Burdon and Doug Burmeister for valuable
discussion. We thank Nihal de Silva for assistance with the statistical
analysis.

References

Adamsen FJ, Bigelow DS, Scott GR (1985) Automated methods for
ammonium, nitrate, and nitrite in 2M KCl-phenylmercuric acetate
extracts of soil. Communications in Soil Science and Plant Analysis 16,
883-898.

Ahimera N, Gisler S, Morgan DP, Michailides TJ (2004) Effects of single-
drop impactions and natural and simulated rains on the dispersal of
Botryosphaeria dothidea conidia. Phytopathology 94, 1189-1197.

Allen SE (Ed.) (1974) ‘Chemical analysis of ecological materials.’
(Blackwell Scientific Publications: Oxford)

Anonymous (2004) New Zealand Avocado Growers’ Association, Avocado
Industry Council Ltd. Annual Report 2004.

Binyamini N, Schiffmann-Nadel M (1972) Latent infection in avocado fruit
due to Colletotrichum gloeosporioides. Phytopathology 62, 592—594.

Chaplin GR, Scott KJ (1980) Association of calcium in chilling injury
susceptibility of stored avocados. HortScience 15, 514-515.

Coates LM, Irwin JAG, Muirhead IF (1993a) The use of a benomyl-resistant
mutant to demonstrate latency of Colletotrichum gloeosporioides in
avocado fruit. Australian Journal of Agricultural Research 44, 763—772.
doi: 10.1071/AR9930763

Coates LM, Muirhead IF, Irwin JAG, Gowanlock DH (1993b) Initial
infection processes by Colletotrichum gloeosporioides on avocado fruit.
Mpycological Research 97, 1363—1370.

Conway WS, Janisiewicz WJ, Klein JD, Sams CE (1999) Strategy
for combining heat treatment, calcium infiltration, and biological
control to reduce postharvest decay of ‘Gala’ apples. HortScience 34,
700-704.

Darvas JM, Toerien JC, Milne DL (1984) Control of avocado root rot by
trunk injection with phosethyl-Al. Plant Disease 68, 691-693.

Darvas JM, Kotze JM, Wehner FC (1987) Field occurrence and control
of fungi causing postharvest decay of avocados. Phytophylactica 19,
453-455.

Davenport JR, Provost J (1994) Cranberry tissue nutrient levels as impacted
by three levels of nitrogen fertilizer and their relationship to fruit yield
and quality. Journal of Plant Nutrition 17, 1625-1634.

Eaks IL (1985) Effect of calcium on ripening, respiratory rate, ethylene
production, and quality of avocado fruit. Journal of the American Society
for Horticultural Science 110, 145-148.

Estrada AB, Dodd JC, Jeffries P (2000) Effect of humidity and temperature
on conidial germination and appressorium development of two
Philippine isolates of the mango anthracnose pathogen Colletotrichum
gloeosporioides. Plant Pathology 49, 608—618. doi: 10.1046/j.1365-
3059.2000.00492.x

Everett KR (2003) The effect of low temperatures on Colletotrichum
acutatum and Colletotrichum gloeosporioides causing body rots of
avocados in New Zealand. Australasian Plant Pathology 32, 441-448.
doi: 10.1071/AP03050

K. R. Everett ef al.

Everett KR, Korsten L (1998) The effect of six postharvest management
regimes on ripe rots of ‘Hass’ avocado. Proceedings of the New Zealand
Plant Protection Society 51, 112—116.

Everett KR, Pak HA (2002) Infection criteria for pathogens causing
body rots in avocados. In ‘New Zealand avocado growers’ association
annual research report. Vol. 2°. (Ed. HA Pak). pp. 54-58. Available at
www.avocadosource.com (verified 10 September 2006)

Everett KR, Stevens PS, Cutting JGM (1999) Postharvest fruit rots of
avocado reduced by benomyl applications during flowering. Proceedings
of the New Zealand Plant Protection Society 52, 153—156.

Fallahi E, Conway WS, Hickey KD, Sams CE (1997) The role of calcium
and nitrogen in postharvest quality and disease resistance of apples.
HortScience 32, 831-835.

Ferguson IB, Boyd LM (2001) Inorganic nutrients and fruit quality. In ‘Fruit
quality and its biological basis’. (Ed. M Knee). pp. 17-45. (Academic
Press: Sheffield, UK)

Ferguson IB, Watkins CB (1981) Ion relations of apple fruit tissue during
fruit development and ripening. II1. Calcium uptake. Australian Journal
of Plant Physiology 8, 259-266.

Ferguson IB, Thorp TG, Barnett AM, Boyd LM, Triggs CM (2003) Inorganic
nutrient concentrations and physiological pitting in ‘Hayward’ kiwifruit.
The Journal of Horticultural Science & Biotechnology 78, 497-504.

Fitzell RD (1987) Epidemiology of anthracnose disease of avocados. South
African Growers’. Association Yearbook 10, 113-116.

Fitzell RD, Peak CM (1984) The epidemiology of anthracnose disease of
mango; inoculum sources, spore production and dispersal. The Annals
of Applied Biology 104, 53—59.

Gislerod HR, Selmer-Olsen AR, Mortensen LM (1987) The effect of
humidity on nutrient uptake of some greenhouse plants. Plant and Soil
102, 193-196. doi: 10.1007/BF02370702

Gubler WD, Marois JJ, Bledsoe AM, Bettiga LJ (1987) Control of Botrytis
bunch rot of grape with canopy management. Plant Disease 71,
599-601.

Hartill WFT (1991) Post-harvest diseases of avocado fruits in New Zealand.
New Zealand Journal of Crop and Horticultural Science 19,
297-304.

Hartill WFT (1992) Post-harvest rots of avocado in New Zealand and their
control. In ‘Brighton crop protection conference, pests and diseases
1992. Vol. 3°. pp. 1157-1162. (The British Crop Protection Council:
Farnham, UK)

Hartill WFT, Everett KR (2002) Inoculum sources and infection pathways
of pathogens causing stem-end rots of ‘Hass’ avocados. New Zealand
Journal of Crop and Horticultural Science 30, 249-260.

Ho LC (1989) Environmental effects on the diurnal accumulation of 43 Ca by
young fruit and leaves of tomato plants. Annals of Botany 63, 281-288.

Hofman PJ, Vuthapanich S, Whiley AW, Klieber A, Simons DH (2002)
Tree yield and fruit minerals concentrations influence ‘Hass’ avocado
fruit quality. Scientia Horticulturae 92, 113—123. doi: 10.1016/S0304-
4238(01)00286-2

Hopkirk G, White A, Beever DJ, Forbes SK (1994) Influence of postharvest
temperatures and the rate of ripening on internal postharvest rots and
disorders of New Zealand ‘Hass’ avocado fruit. New Zealand Journal of
Crop and Horticultural Science 22, 305-311.

Jones HG, Samuelson TJ (1983) Calcium uptake by developing apple fruits.
II. The role of spur leaves. Journal of Horticultural Science 58, 183—190.

Kim KW, Park EW, Ahn K-K (1999) Pre-penetration behavior of
Botryosphaeria dothidea on apple fruits. The Plant Pathology Journal
15, 223-227.

Koen TJ, du Plessis SF, Terblanche JH (1990) Nutritional factors involved in
physiological post-harvest fruit disorders of avocados (cv. Fuerte). Acta
Horticulturae 275, 543-550.

Korsten L, De Jager ES, De Villiers EE, Kotze JM, Wehner FC (1995)
Evaluation of bacterial epiphytes isolated from avocado leaf and fruit
surfaces for biocontrol of avocado postharvest diseases. Plant Disease
79, 1149-1156.



Postharvest rots of avocado

Martin-Prevel P, Gagnard J, Gautier P (1987) ‘Plant analysis as a guide to
the nutrient requirements of temperate and tropical crops.” (Lavoisier
Publishing Inc.: New York)

New Zealand Meteorological Service (1980) Summaries of climatological
observations to 1980. New Zealand Meteorological Service
Miscellaneous Publication 177.

Neilsen GH, Stevenson DS (1986) Effects of frequency of irrigation on
nutrient uptake of apple trees. Canadian Journal of Plant Science 1,
177-180.

Ohr HD, Coffer MD, McMillan RT (2006) Common names of plant
diseases. Diseases of avocado (Persea americana Miller). APSnet.
Plant Pathology Online. Available at http://www.apsnet.org/online/
common/names/avocado.asp (verified 15 November 2006)

Olphert J (2000) Learning from a bad experience, an open letter to the
New Zealand avocado industry. Avoscene 1, 2-3.

Pak HA, Dixon J, Smith DB, Elmsly TA, Cutting JGM (2002) Impact
of rainfall prior to harvest on ripe fruit quality of ‘Hass’ avocados
in New Zealand. In ‘New Zealand avocado growers’ association
annual research report. Vol. 2°. (Ed. HA Pak) pp. 22-31. Available at
www.avocadosource.com (verified 10 September 2006)

Pennycook SR, Samuels GJ (1985) Botryosphaeria and Fusicoccum species
associated with ripe fruit rot of Actinidia deliciosa (kiwifruit) in
New Zealand. Mycotaxon 24, 445-458.

Peterson RA (1978) Susceptibility of Fuerte avocado fruit at various stages
of growth to infection by anthracnose and stem-end rot fungi. Australian
Journal of Experimental Agriculture and Animal Husbandry 18,
158-160. doi: 10.1071/EA9780158

Peterson RA, Inch AJ (1980) Control of anthracnose on avocados in
Queensland. Queensland Journal of Agricultural and Animal Sciences
37, 79-83.

Prusky D, Plumbley RA, Kobiler I (1991a) The relationship between
antifungal diene levels and fungal inhibition during quiescent infection
of unripe avocado fruits by Colletotrichum gloeosporioides. Plant
Pathology 40, 45-52.

Prusky D, Kobiler I, Fishman Y, Sims JJ, Midland SL, Keen NT (19915)
Identification of an antifungal compound in unripe avocado fruits and
its possible involvement in the quiescent infections of Colletotrichum
gloeosporioides. Journal of Phytopathology 132, 319-327.

Australasian Plant Pathology 31

Schroeder CA (1953) Growth and development of the Fuerte avocado
fruit. Proceedings of the American Society for Horticultural Science 61,
103-109.

Slowik K, Labanauskas CK, Stolzy LH, Zentmyer GA (1979) Influence of
rootstocks, soil oxygen, and soil moisture on the uptake and translocation
of nutrients in young avocado plants. Journal of the American Society
for Horticultural Science 104, 172-175.

Smith BJ, Gupton CL (1993) Calcium applications before harvest affect the
severity of anthracnose fruit rot of greenhouse-grown strawberries. Acta
Horticulturae 348, 477-482.

Snowden AL (1990) ‘A colour atlas of post-harvest diseases and disorders
of fruits and vegetables. Vol. 1. General introduction and fruits.” (Wolfe
Scientific Ltd: London)

Thorp TG, Hutching D, Lowe T, Marsh KB (1997) Survey of fruit mineral
concentrations and postharvest quality of New Zealand-grown ‘Hass’
avocado (Persea americana Mill.). New Zealand Journal of Crop and
Horticultural Science 25, 251-260.

Tingwa PO, Young RE (1974) The effect of calcium on the ripening of
avocado (Persea americana Mill.) fruits. Journal of the American Society
for Horticultural Science 99, 540-542.

Valmayor RV (1967) Cellular development of the avocado from blossom to
maturity. Philippine Agriculturist 50, 907-976.

Vang-Petersen O (1980) Calcium deficiency of ‘Cox’s orange’ apple
trees during the fruit growth period. Scientia Horticulturae 12,
163-168. doi: 10.1016/0304-4238(80)90123-5

Wieneke J, Fuhr F (1973) Studies on the translocation of “*Ca in the apple
tree. 1. Transport and distribution in relation to the time of uptake.
Gartenbauwissenschaft 38, 91-108.

Willingham SL, Coates LM, Cooke AW, Dean JR (2004) Tree vigour
influences disease susceptibility of ‘Hass’ avocado fruits. Australasian
Plant Pathology 33, 17-21. doi: 10.1071/AP03079

Received 4 January 2006, accepted 22 September 2006

http://www.publish.csiro.au/journals/app



