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RESEARCH ARTICLE

Fungicide use in processing tomatoes in New Zealand
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aNew Zealand Institute for Plant & Food Research, Pukekohe, Auckland, New Zealand; bMt Eden, Auckland,
New Zealand; cHortPlus, Hastings, New Zealand; dFruitfed Supplies, Hastings, New Zealand; eHeinz Wattie’s,
Hastings, New Zealand; fNew Zealand Institute for Plant & Food Research, Auckland, New Zealand

(Received 18 July 2012; accepted 25 March 2013)

Fungicide use in processing (field) tomatoes from 1995 to 2009 on the East Coast of the North
Island of New Zealand has been documented using data extracted from growers’ annual spray
diary records. During this period, 26 different fungicides*some of which are also used as
bactericides*were used by growers to control a range of plant diseases. The number of fungicide
applications to each crop ranged from 10 to 28, with fewer applications in very dry seasons.
Inorganic copper (mainly copper hydroxide), applied to control both bacterial and fungal
diseases, was the most commonly used material, followed by chemicals in the dithiocarbamate,
chloro-nitrile and pyridinamine groups. These four multi-site ‘protective’ fungicide groups
accounted for 90% of all disease-control products used during the 15-year period. Site-specific
fungicides (e.g. benzimidazoles, phenylamides, dicarboximides, dimethomorph and strobilurins)
were used much less frequently. The exclusive use of fungicides at risk from fungicide resistance
development (most commonly the site-specific fungicides) was generally avoided and therefore
overall risk of the development of fungicide resistance in processing tomatoes in Hawke’s Bay is
believed to be low. This study demonstrated that the number of fungicide applications per crop
has increased about two-fold since 1995 while, during the same period, insecticide applications
decreased.

Keywords: fungicide and bactericide use; processing tomatoes; fungicide resistance management;
pesticide use records

Introduction

Processing, or field, tomatoes (Solanum lyco-

persicum L.) in New Zealand are grown mainly

in Hawke’s Bay and, to a lesser extent, Poverty

Bay in the East Coast region of the North

Island (approximately 1778E and 398S). About

1000 ha are grown annually and the crop is

machine harvested for local processing. Pest

and disease control is usually regulated by the

local processing company and, from 1995,

applications of pesticides have been based on

information from crop scouts using methods

developed in an integrated pest management

(IPM) programme (Herman 1995). The influence

of that programme on insecticide use over time

has already been examined (Cameron et al.

2009), and the same pesticide use database has

provided the information to document fungicide

use in this paper.
Research to support the development of the

IPM programme for insect pests and diseases

in processing tomatoes was initiated in 1989,

mainly to reduce pesticide use. In addition to

providing economic gains, the IPM programme

aimed to reduce risks of pesticide (insecticide and

fungicide) resistance, to increase natural pest

controls, and to respond to public and market de-

mands for more sustainable or environmentally
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friendly crop production (Campbell 1996). Dis-

ease control concentrated on the use of cultural

control techniques (e.g. field selection, time of

planting, crop rotation, clean cultivation), appro-

priate fungicide choice and application frequency

based on tomato diseases noted during routine

scouting. Access to pesticide use data from East

Coast processing tomato growers from 1995 to

2009 provided an opportunity to document and

analyse fungicide and bactericide use and to

identify trends in the selection and quantity of

fungicides used.
Currently, 26 products comprising 15 active

ingredients (ai) are registered in New Zealand to

control diseases of outdoor tomatoes (Young

2009) (Table 1). In the present paper we use

the term fungicide to include those prod-

ucts (specifically the copper compounds) with

both fungicidal and bactericidal properties.

Fungicides were grouped according to the way

in which fungal pathogens develop resistance to

them (cross-resistance groups), rather than by

the chemical structures of active ingredients

(Beresford & Vanneste 2005). Fungicides used

to control plant pathogens are mostly multi-site

inhibitors with non-specific modes of action that

are protective against broad spectra of diseases.

Despite their widespread use, resistance of target

pathogens to these compounds is rare (Beresford

2005). Non-specific fungicides used on crops

of processing tomatoes in New Zealand in-

clude copper (copper hydroxide and copper

oxychloride), dithiocarbamates (mancozeb), thir-

am, chlorothalonil and fluazinam (Table 1).
Since the introduction of site-specific fungi-

cides (a fungicide affecting a single well-defined

Table 1 Fungicides and bactericides registered in New Zealand for control of diseases in processing tomato
crops (adapted from Young 2009).

Fungicide chemical group Active ingredient Diseases controlled

DMI (demethylation inhibitor)2 Triforine Leaf mould
MBC (methyl benzimidazole

carbamates)2
Carbendazim Thiophanate methyl Sclerotinia Botrytis,

Sclerotinia
Chloro-nitrile1 Chlorothalonil Botrytis, early blight, late

blight

Chloro-nitrile1�MBC2 Chlorothalonil�thiophanate methyl Botrytis, late blight,
Sclerotinia

Chloro-nitrile1�phenylamide2 Chlorothalonil�metalaxyl Early blight, late blight
Dicarboximide2 Procymidone Botrytis, Sclerotinia

Dithiocarbamate1 Mancozeb Early blight, late blight, leaf
mould, Septoria leaf spot

Disulphide1 Thiram Early blight, late blight, leaf

mould, Septoria leaf spot
Pyridinamine1 Fluazinam Botrytis, early blight, late

blight, Sclerotinia

Inorganic copper1 Copper ammonium acetate, copper
hydroxide, copper oxychloride, cuprous
oxide

Bacterial diseases, early
blight, late blight, Septoria
leaf spot

Phenylamide2�dithiocarbamate1 Metalaxyl�mancozeb Early blight, late blight

Qo inhibitor (QoI)2 Azoxystrobin Early blight, late blight,
black mould

1 Fungicide activity not site-specific.
2 Fungicides with site-specific activity.
QoI, quinone outside inhibitors.
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biochemical process within the pathogen) in the
late 1960s, strategies to avoid resistance by
some fungal pathogens to these fungicides have
become important considerations in the design
of crop protection programmes (Beresford &
Vanneste 2005). The repeated use of ‘at-risk’
(site-specific) fungicides may lead to the selec-
tion of fungicide-resistant strains from the
pathogen population. Fungicide groups and
their respective compounds that have experi-
enced fungicide resistances both overseas and
in New Zealand (Martin et al. 2005) include
benzimidazoles (e.g. benomyl, carbendazim, and
thiophanate-methyl), phenylamides (e.g. meta-
laxyl), dicarboximides (e.g. procymidone, ipro-
dione and vinclozolin), and quinone outside
inhibitors (QoIs) (e.g. azoxystrobin), all ofwhich
are registered for use on tomatoes (Table 1).

This study details the use of fungicides used
on processing tomato crops on the East Coast
of the North Island of New Zealand. The study
examines changes in fungicide use over time
(1995�2009), compares multi-site and site-spe-
cific fungicide groups, and discusses and rea-
sons for the continuing high rates of fungicide
use compared with insecticide use in processing
tomatoes.

Methods

Pesticide use records

Spreadsheets prepared from a database of
growers’ spray diary records for processing
tomatoes, over the period 1995 to 2009, were
the principle sources of information for this
report. All crops were grown on the East Coast
of the North Island with four crops in the
Gisborne region (one in 2001 and three in
2004), and the remainder in the Hawke’s Bay.
The data comprised fungicide use by 109
growers (farms) on a total of 586 tomato crops
(fields or blocks) with data taken from 47 to 67
crops per year. The spreadsheets (MicrosoftTM

Excel pivot tables) contained individual pesticide
use data on separate fields, and details such
as the product (trade name), active ingredient
rate (kg ai/ha), water rate, season and tomato

cultivar. Each product was identified by a unique
product number, and the active ingredient(s)
were listed by the CAS Registry Number (Hort-
Plus 2009) and trends in the number of applica-
tions per crop over years were analysed using
regression statistics from Microsoft Excel 2010.
When fungicides were applied as a mixture, for
example ManKocide† DF, it was recorded as
two applications*in this example as one of
copper hydroxide and one of mancozeb.

Crops

The crops grown during the period for which
spray diaries were analysed were transplanted
in the field as seedlings, using cultivars such as
‘Morse’, ‘Nortico’, ‘H225’ and ‘H3402’, and
were grown without support structures. Irriga-
tion was mainly applied through large overhead
sprinkler ‘guns’. Tomato plants were treated
with the fruit ripening promoter Ethephon
(2-chloroethylphosphonic acid), and crops
were machine-harvested, producing 70�100
tonnes/ha. Tomato fields varied in size from 5
to 20 ha with the total regional production of
processing tomatoes ranging from500 to 1000ha
per year, averaging approximately 600 ha per
year. Weather data from the National Institute
of Water and Atmosphere, Flag Range Road,
Hastings site inHawke’sBaywere obtained from
the HortPlusTM website http://www.hortnet.co.
nz/weather-data.htm to identify seasonal varia-
tions in weather.

Diseases

Thirty-six fungi and 10 bacteria have been
recorded as pathogens of tomato in New
Zealand (Pennycook 1989). The main fungal
diseases and pathogens of processing tomatoes
in Hawke’s Bay are black mould (Alternaria
alternata), grey mould (Botrytis cinerea), leaf
mould (Fulvia fulva), corky root (Pyrenochaeta
lycopersici), damping off (Phytophthora spp.,
Pythium spp. and Rhizoctonia spp.), early blight
(Alternaria solani), fusarium wilt (Fusarium
oxysporum), late blight (Phytophthora infestans),
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phytophthora root rot (Phytophthora spp.),
sclerotinia rot (Sclerotinia spp.), southern blight
(Sclerotium rolfsii) and verticillium wilt (Ver-
ticillium spp.) (Herman 1995). Themain bacterial
diseases are bacterial canker (Clavibacter mic-
higanensis subsp. michiganensis), bacterial speck
(Pseudomonas syringae pv. tomato) and bacterial
spot (Xanthomonas campestris pv. vesicatoria)
(Herman 1995).

Crop monitoring

The rigour of crop monitoring to identify and
record the incidence of pests, diseases and weeds
in processing tomato crops varied widely among
growers and years. Prior to 2000, crops were
monitored by growers or representatives from
local horticultural suppliers but it was not done
in a systematic manner. Recommendations for
systematic monitoring of diseases in tomatoes
started in 1995 in association with a new
IPM programme implemented for insect pests
(Herman 1995). From 2000, a commercial crop
monitoring service was started in the Hawke’s
Bay region (Crop Monitoring Services, Fruitfed
Supplies) using methods outlined in the tomato
IPM programme. Although the monitoring

system used action thresholds for insecticide
applications for key insect pests, no action
thresholds were established for tomato diseases,
and no weather-based disease forecasting meth-
ods were used. During routine crop scouting,
the incidence, severity and prevalence of dis-
eases present in each surveyed field were noted.
These notes were not an accurate record of the
diseases present and were not recorded in the
database, therefore this information is not
available. Individual growers used this informa-
tion to refine their fungicide programmes
in those crops, i.e. product choice and timing
(T. Herman, pers. comm.).

Results

The mean number of fungicide applications per
crop per year in the Hawke’s Bay�Gisborne
region between 1995 and 2009 ranged from
10.3 in 1997�98 to 27.7 in 2007�08 (Fig. 1).
These data showed a significant upward trend
(PB0.001) in fungicide use over the 15 years
analysed. The relatively low number of applica-
tions in 1997�98 and 1998�99 was associated
with hot, dry El Niño conditions (Wratt et al.
2008), where rainfall from October 1997 to

y = 1.0725x + 10.56 
R  = 0.69554 
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Figure 1 Applications per crop of fungicide and bactericide (copper) applied annually to processing tomatoes
in the Hawke’s Bay and Gisborne regions, and rainfall (mm) from October to April between 1995 and 2009,
with comparative insecticide data from Cameron et al. (2009).
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April 1998 totalled 274 mm, the lowest for the
15-year period (Fig. 1). This low rainfall pattern
continued into the 1998�99 season except for a
period of rain in mid-January 1999 which
increased the seasonal total. Although there
were fewer fungicide applications in these two
seasons, there was no relationship over years
between fungicide use and rainfall (Fig. 1). For
example, from 2002 onwards, seasons that
received �550 mm of rain between October
and April occurred slightly more often (five
seasons) than in seasons prior to 2001 (three
seasons), but there was no correlation (R2�
0.008) between the number of fungicide applica-
tions and rainfall.

Inorganic copper (mainly copper hydro-
xide), used to control both fungal and bacterial
diseases, was the most commonly applied active
ingredient, followed by mancozeb (dithiocarba-
mate), chlorothalonil (chloro-nitrile) and flua-
zinam (pyridinamine) (Fig. 2). These four active
ingredients, all ‘protective’ in action, accounted
for 90% of all fungicide products used from
1995 to 2009, and that relative proportion of
the total fungicide use was similar for all 15
years, although fluazinam was only used after
1996. Thiram (disulphide) was the least-used
of the five multi-site group fungicides, being

utilized in only 6 of the 15 years, and account-

ing for only 129 (0.8%) of the total 16,228

fungicide applications that were made during

the study period.
The average number of applications of

multi-site fungicide applications applied an-

nually increased significantly (PB0.001) betw-

een 1995 and 2009 (y�1.041x�9.14; R2�
0.79) and varied according to active ingredient

(Fig. 2). Copper and mancozeb were used on

more occasions than the other multi-site group

fungicides*except in 1995, when mancozeb

was ranked behind chlorothalonil. The mean

number of copper and mancozeb applications

per crop per season increased significantly after

2001 with three to six applications of copper

and mancozeb per crop in each of the years

from 1995 to 2001, compared with seven to

10 applications per crop from 2002 to 2009

(Fig. 2). This was partly due to the introduction

of Mankocide† DF (a combination of copper

hydroxide and mancozeb) in November 2001.

Mankocide† DF immediately became popular

with growers in Hawke’s Bay as it targeted both

bacterial and fungal diseases. Chlorothalonil,

fluazinam and thiram were usually applied

between one and four times a year throughout
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Figure 2 Applications per crop of multi-site fungicide and bactericide (copper) applied annually to processing
tomatoes, grown in the Hawke’s Bay and Gisborne regions between 1995 and 2009. For total applications per
crop over years (x), y�1.041x�9.14; PB0.001; R2�0.79
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the whole 15-year period, except that no thiram
use was recorded during the last 4 years.

Overall, site-specific fungicides from groups
with site-specific activity (benzimidazoles,
phenylamides, dicarboximides, dimethomorph
and strobilurins [QoIs]) were used much less
frequently than protective fungicides (Fig. 3).
Compared with a total of 16,228 applications of
all fungicides carried out during the study
period, the relatively low use of site-specific
fungicides in processing tomatoes is evident.
Phenylamides and dicarboximides were the
most used site-specific fungicides, with 583
(3.6% of all applications) and 560 (3.5%)
applications, respectively, during the 15-year
period. Very few applications of QoI fungicides
(73 applications), dimethomorph (46) and ben-
zimidazoles (37) were made. Applications of
site-specific fungicides per crop showed no
trend over time (P�0.6) and were more vari-
able (Fig. 3) than non-site-specific fungicides.
Numbers of applications were particularly low
during the drier seasons of 1997�98 and 1998�
99 (Figs. 2�3). The dicarboximides, vinclozolin
and procymidone, used to control Sclerotinia
and Botrytis, were the only site-specific fungi-
cides used in all of the years studied, and their
use was lowest in the dry period from 1997 to
1999. A QoI fungicide (azoxystrobin) was first

used in 1999�2000 to control early blight.
Forty-five applications of azoxystrobin were
made that year in Hawke’s Bay, but this ‘new’
fungicide was used sparingly thereafter (B10
applications per year for the entire region). The
average number of applications of the site-
specific groups of fungicides ranged annually
from 1 to 2.1 applications per crop per season.

Discussion

The database of growers’ spray diary records
compiled from all Hawke’s Bay and Gisborne
processing tomato growers between 1995 and
2009 allowed an analysis of total fungicide (and
bactericide) and comparisons between pesticide
groups. These data provide a baseline against
which future pesticide use trends can be mea-
sured. The analysis has shown that fungicide use
in New Zealand was high (10�28 applications
per crop) in comparison with the 10�15 applica-
tions per crop in fresh market tomatoes in
Alabama (Sikora et al. 2002) and the eight to
14 applications per crop in processing crops in
California (NASS 2007). This high use rate in
New Zealand is consistent with the recommen-
dation (Young 2009) of multiple fungicide
applications at 7�14-day intervals to proces-
sing tomatoes. Dithiocarbamates and copper
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Figure 3 Applications per crop of the site-specific group of fungicides and bactericides (copper) applied
annually to processing tomatoes grown in the Hawke’s Bay and Gisborne regions between 1995 and 2009.
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remained the most important fungicide classes
because growers considered that calendar appli-
cations of these multi-site group compounds
were the most cost-effective option to control
diseases caused by a wide range of bacterial and
fungal pathogens (Chaurasia 2005; Damicone
2009; Fernández-Northcote et al. 2000).

Whereas applications of fungicides have
generally increased since 1995, insecticide
applications have decreased (Fig. 3). This de-
cline has been attributed to the implementation
of IPM procedures such as crop monitoring
and pest action thresholds (Cameron et al.
2009). The general trend of increasing annual
fungicide use indicates that the lower number
of spray operations initiated by the reduced
need for insecticides did not influence decisions
on disease control. In contrast to reports on
changes in insecticide use, no report on trends in
fungicide use in IPMprogrammes for processing
tomatoes could be found. For example, IPM
programmes in New Zealand (Herman &
Cameron 1993), Australia (McDougall 2006),
Mexico (Trumble & Alvarado-Rodriguez 1993)
and Brazil (Picanço et al. 2007) emphasize
reductions in insecticide use even though dis-
eases may be key causes of production losses
(Picanço et al. 2007). Where pesticide use has
been analysed in experimental IPM programmes,
savings resulting from reduced fungicide use have
approximately equalled savings associated with
reduced insecticide use (Sikora et al. 2002).
Although trends in fungicide use have not often
been reported in IPM studies, they are documen-
ted in some pesticide use reporting systems
(California Department of Pesticide Regulation
2006; NASS 2007). Over a similar period to our
study (1994�2006), the California databases re-
port decreased use of copper compounds and
mancozeb in dry seasons.

Reductions in the use of fungicides on
tomato in North America and Australia have
been associated with the use of forecasting
techniques that identify disease risk periods
based on weather measurements. For example,
Madden et al. (1978), Minchinton et al. (2006)
and Sikora et al. (2002) used computer pro-

grams such as TOMCAST to predict the need
for fungicide applications for early blight,
Septoria leaf spot and anthracnose fruit spot.
In New Zealand, where vegetable production
areas tend to be wetter and have less predict-
able weather, forecasting is considered to be
less useful than in continental climates (Camer-
on 2007). For example, in potatoes, Hartill &
Young (1985) considered that when susceptible
cultivars of potatoes are grown in humid
climates, growers must rely almost entirely on
fungicide applications to control late blight. In
addition, Australian and Californian growers
often reduce leaf wetness by using buried drip
tape rather than overhead sprinklers for irriga-
tion. In 1994, TOMCAST was used in proces-
sing tomatoes in Hawke’s Bay (Gleason et al.
1995). However, while predictions of disease
were accurate, the model simply confirmed that
the environmental conditions were not condu-
cive to a reduction in fungicide applications
and the use of this warning system has not
continued (A. Hodson, unpubl. data).

The relatively low use of site-specific fun-
gicides in processing tomatoes in Hawke’s Bay
is attributed partly to pesticide resistance
management recommendations made by the
New Zealand Committee on Pesticide Resis-
tance (Beresford et al. 2009), and also to their
cost compared with multi-site fungicides. Pro-
cymidone is the only dicarboximide currently
registered for use on processing tomatoes in
New Zealand following the deregistration of
vinclozolin in 1996. In addition to agronomic
factors, strategies to help prevent the develop-
ment of fungicide resistance problems have
focused on limiting the number of applications
per season and tank-mixing them with protec-
tive fungicides (Beresford & Vanneste 2005).
The analysis of grower spray diaries confirmed
that the exclusive use of at-risk fungicides is
generally avoided, so the overall risk of fungi-
cide resistance problems in processing tomatoes
in the Hawke’s Bay�Gisborne region is small.

This study demonstrates that fungicides are
used far more often than insecticides and, unlike
insecticides, the annual number of applications

Fungicide use in processing tomatoes in New Zealand 141

D
ow

nl
oa

de
d 

by
 [

D
av

id
 T

ei
te

lb
au

m
] 

at
 0

3:
12

 0
2 

Se
pt

em
be

r 
20

14
 



of fungicide in processing tomatoes in the

Hawke’s Bay�Gisborne region is increasing.

This suggests that current field observations of

disease incidence and knowledge of environ-

mental conditions do not identify opportunities

to reduce applications of fungicides. The excep-

tion to this pattern was the decline in fungicide

use in 1998 (and early 1999) when extreme hot,

dry, weather prevailed during the El Niño season

(Wratt et al. 2008). More recently (2002�09),
there have been no significant climate-related

reductions in application of fungicides. It is

unclear if this is because disease incidence is

high or if crop monitoring is insufficient to

identify opportunities for reductions. Studies

of weather-induced infection periods in relation

to disease incidence are needed to determine if it

is possible to use disease forecasting systems to

reduce fungicide use. It is possible that reduc-

tions in fungicide (and bactericide) use in proces-

sing tomatoes, as well as other vegetable crops,

are limited by the generally wet and mild climate

in New Zealand. The economic cost of disease

control failure may be too high to justify the

small reductions in numbers of fungicide and

bactericide applications that disease prediction

systems would achieve. However, insufficient

research has been carried out to fully determine

whether the fungicides being applied to control

diseases are being used in optimal ways.

Acknowledgements

We thank Heinz Wattie’s Ltd for access to the

pesticide database and Bruce Snowdon and Nigel

Halpin for helpful comments. Drs David Teulon,

Robert Beresford and Richard Falloon (Plant &

Food Research) provided advice and commented on

earlier versions of the manuscript, and the New

Zealand Foundation for Research, Science and

Technology funded the preparation of this paper

under contracts C02X0303 and C11X0904.

References

Beresford RM 2005. Fungicide resistance in New
Zealand. http://www.nzpps.org/resistance/fungi
cides.php (accessed 1 September 2009).

Beresford RM, Vanneste JL 2005. Fungicide and
bactericide use strategies to avoid resistance
development in plant pathogens in New
Zealand. In: Martin NA, Beresford RM, Har-
rington KC eds. Pesticide resistance: prevention
and management strategies. Hastings, New
Zealand Plant Protection Society. Pp. 3�5.

Beresford RM, Follas GB, Hagerty GC, Harrington
KC, Martin NA 2009. The New Zealand Com-
mittee on Pesticide Resistance (NZCPR). New
Zealand Plant Protection 62: 393�394.

California Department of Pesticide Regulation 2006.
Summary of pesticide use report data 2004.
http://www.cdpr.ca.gov/docs/pur/pur04rep/04
com.htm#Development (accessed 17 November
2008).

Cameron PJ 2007. Factors influencing the develop-
ment of integrated pest management (IPM) in
selected vegetable crops. New Zealand Journal
of Crop and Horticultural Science 35: 365�384.

Cameron PJ, Walker GP, Hodson AJ, Kale AJ,
Herman TJB 2009. Trends in IPM and insecti-
cide use in processing tomatoes in New Zealand.
Crop Protection 28: 421�427.

Campbell H 1996. Recent developments in organic
food production in New Zealand. Part 1.
Organic food exporting in Canterbury. Depart-
ment of Anthropology, University of Otago. Pp.
1�58.

Chaurasia PCP 2005. Economic management of late
blight (Phytophthora infestans L.) of potato in
Eastern Tarai of Nepal. Nepal Agricultural
Research Journal 6: 57�61.

Damicone J 2009. Vegetable crop fungicide update.
Oklahoma State University Extension pest e-lert.
Volume 8, number 8. 3 p.

Fernández-Northcote EN, Navia O, Gandarillas A
2000. Basis of strategies for chemical control of
potato late blight developed by Proinpa in
Bolivia. Revista Latinoamericana de la Papa
11: 2�25.

Gleason ML, MacNab AA, Pitblado RE, Ricker
MD, East DA, Latin RX 1995. Disease warning
systems for processing tomatoes in Eastern
North America: are we there yet? Plant Disease
79: 113�121.

Hartill WFT, Young K 1985. Recent New Zealand
studies on the chemical control of late blight of
potatoes. In: Hill GD, Wratt GS eds. Potato
growing: a changing scene, Vol. 3. Agronomy
Society of New Zealand. Pp. 55�60.

Herman TJB 1995. Integrated pest management for
processing tomatoes. Crop and food research,
IPM manual 5. Lincoln, New Zealand. Pp. 1�49.

Herman TJB, Cameron PJ 1993. The value of IPM
in processing tomatoes. In: Suckling DM,

142 PJ Wright et al.

D
ow

nl
oa

de
d 

by
 [

D
av

id
 T

ei
te

lb
au

m
] 

at
 0

3:
12

 0
2 

Se
pt

em
be

r 
20

14
 

http://www.nzpps.org/resistance/fungicides.php
http://www.nzpps.org/resistance/fungicides.php
http://www.cdpr.ca.gov/docs/pur/pur04rep/04com.htm#Development
http://www.cdpr.ca.gov/docs/pur/pur04rep/04com.htm#Development


Popay AJ eds. Plant protection: costs, benefits
and trade implications. New Zealand Plant
Protection Society Symposium. Pp. 61�67.

HortPlus 2009. HortPlusTM Products List for Spray-
log. http://www.hortplus2.com/tools/index.php?
pageID�products (accessed 8 June 2009).

Madden L, Pennypacker SP, McNab AA 1978.
FAST, a forecast system for Alternaria solani
on tomato. Phytopathology 68: 1354�1358.

Martin NA, Beresford RM, Harrington KC 2005.
Pesticide resistance: prevention and manage-
ment strategies 2005. Hastings, New Zealand
Plant Protection Society. 166 p.

McDougall S 2006. Processing tomato IPM in
Australia*an overview. Acta Horticuturae
ISHS 724: 145�148.

Minchinton EJ, Warren M, Watson A, Hepworth G,
Tesoriero AL 2006. Evaluation of the Tom-Cast
model for the prediction of early blight, Septor-
ia leaf spot and Anthracnose fruit rot in
processing tomatoes in south-eastern Australia.
Acta Horticulturae ISHS 724: 137�143.

NASS 2007. Agricultural chemical use database, Na-
tional Agricultural Statistical Services. http://
www.pestmanagement.info/nass/ (accessed8 June
2008).

Pennycook SR 1989. Plant diseases recorded in New
Zealand, volume 1: host list of plant diseases.

Auckland, Plant Diseases Division, DSIR. Pp.
1�276.

Picanço MC, Bacci L, Crespo ALB, Miranda
MMM, Martins JC 2007. Effect of integrated
pest management practices on tomato produc-
tion and conservation of natural enemies. Agri-
cultural and Forest Entomology 9: 327�335.

Sikora EJ, Kemble KM, Zehnder GW, Goodman
WR, Andrianifahanana M, Bauske EM, Mur-
phy JF 2002. Using on-farm demonstrations to
promote integrated pest management practices
in tomato production. HortTechnology 12:
485�488.

Trumble JT, Alvarado-Rodriguez B 1993. Develop-
ment and economic evaluation of an IPM pro-
gram for fresh tomato production in Mexico.
Agriculture Ecosystems and Environment 43:
267�284.

Wratt D, Basher R, Mullan B, Renwick J 2008. El
Niño and climate forecasting. National Institute
of Water & Atmospheric Research. http://www.
niwa.co.nz/our-science/climate/information-and-
resources/clivar/elnino#y1997 (accessed 19 Feb-
ruary 2010).

Young S ed. 2009. New Zealand Novachem Agri-
chemical Manual. Christchurch, Agrimedia Ltd.
779 p.

Fungicide use in processing tomatoes in New Zealand 143

D
ow

nl
oa

de
d 

by
 [

D
av

id
 T

ei
te

lb
au

m
] 

at
 0

3:
12

 0
2 

Se
pt

em
be

r 
20

14
 

http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.hortplus2.com/tools/index.php?pageID=products
http://www.pestmanagement.info/nass/
http://www.pestmanagement.info/nass/
http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/elnino#y1997
http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/elnino#y1997
http://www.niwa.co.nz/our-science/climate/information-and-resources/clivar/elnino#y1997



