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Monitoring codling moth resistance to Cydia pomonella granulovirus
(CpGV) in organic fruit growing in Germany
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Abstract

Cydia pomonella granulovirus (CpGV) products are indispensible for an efficient and
environmentally friendly control of codling moth (Cydia pomonella) in organic apple and pear
production. Since the first occurrence of field resistance against commercial CoGV products,
intensive research was initiated to understand the mechanism of resistance and to identify
new CpGV isolates with resistance-breaking traits. Such resistance-breaking CpGV isolates
can be used to provide solutions for orchards affected by CpGV resistance as well as to
develop resistance management strategies. Here, we report the current status of 15 years
of CpGV resistance monitoring in Germany.
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Introduction

Cydia pomonella granulovirus (CpGV) is one of the main tools used for codling moth (CM)
control in organic pome fruit production. In 2004, first codling moth populations with
resistance to commercial CpGV products were recorded in Southern Germany (Fritsch et
al., 2005). Since then, resistance monitoring was started in different regions in Germany. In
all organic orchards raising suspicion of a CpGV resistance to growers and/or extension
services, codling moth infestation was assessed by the cooperating partners (University of
Hohenheim, DLR Rheinpfalz and OEON e.V.). In this assessment, infested apples were
collected and sliced to monitor the number of living larva inside and the number of “stopped
injuries”. Whereas “stopped injuries” are characteristic for effective CpGVs, they are rare in
case of CpGV resistance. If this initial assessment gave reason to suspect that the CM
population might be resistant, several hundreds of infested apples with living larvae were
collected and the larvae were subjected to resistance testing at the Julius Kihn Institute
(JKI) in Darmstadt. In recent years, extensive resistance testing from samples of more than
100 orchards and genetic analyses revealed three different types of resistance (type I-lll);
they differ in their mode of inheritance as well as in the resistance mechanism. Type |
resistance is Z chromosomal inherited and is only directed to CpGV isolates of the genome
group A. Type Il resistance is autosomal inherited and is directed against the genome group
A, D and E CpGVs. Finally, type lll resistance appears in certain aspects like a mixture of
both type | and type Il resistance (Asser-Kaiser et al., 2007; Jehle et al., 2017; Sauer et al.,
2017ab). Five phylogenetic lines of CpGV isolates (genome groups A-E) are known (Eberle
et al.,, 2009; Gebhardt et al.; 2014; Wennmann et al.; 2017). More recently, additional
isolates with novel genetic diversity (genome group F-G) were isolated in China (Fan et al.
2020ab).
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Material and Methods

Initially, CM larvae were trapped in the field as diapausing larvae using corrugated
cardboards. After overwintering, the progeny of the adults was tested for resistance in
laboratory bioassays by means of LCso estimations and/or using a single diagnostic
concentration of CpGV adapted to L1 larvae (Asser-Kaiser et al., 2007; Schmitt et al., 2013).
In 2013, a laboratory test system was developed that allowed a direct testing of wild CM
larvae extracted from infested apples collected in the field. The aim of this direct test is to
provide fast information about suspected resistance during the growing season (Schulze-
Bopp & Jehle, 2013).
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Fig. 1. Resistance testing by collecting either diapausing larvae and testing the progeny L1
larvae in a bioassay (Schmitt et al., 2013) or by performing a quick test by extracting living L2-
L4 larvae from infested apples and exposing them to a discriminating CpGV concentration
adapted to older larvae (Schulze-Bopp & Jehle, 2013)

Results and Discussion

Until 2013, 22 resistant codling moth populations with type | resistance were confirmed. In
most of these orchards, CpGV products containing a resistance-breaking CpGV isolate of
genome group E were sufficient to control resistant CM. However, it was noticed that the
fruit stings seemed more frequent and deeper than in apples from orchards without
resistance. Codling moth larvae resistant to genome group A CpGV died off slightly later
when resistance-breaking genome group E CpGV was applied. In consequence, from 2007
all organic orchards were treated with the resistance-breaking products containing group E
CpGV to prevent a further spread of type | resistance.

In 2008, in West Germany and in Saxony, two orchards were confirmed to express
resistance type Il and type lll, respectively. Since 2010, the number of orchards with type I
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resistance increased from year to year. Most of them were located in Northern Germany but
also some orchards in Central Germany, the Lake Constance area and in South Baden have
been identified.

In 2019, two CM populations with type Il resistance were identified in Saxony. Recently,
most CM populations with type | resistance seemed to develop type |l resistance. Growers
with verified type Il resistance have been allowed using experimental products containing
type B CpGV according to Article 53 of Regulation 1107/2009 (Emergency situations in plant
protection).

Currently, there are 55 organic orchards with resistant codling moth populations,
representing less than 10 % of the area under organic fruit growing in Germany. For these
growers solutions are needed. So far, the combined action of research, extension services,
growers and CpGV producers allowed overcoming CpGV resistance and to provide suitable
strategies for CM control.

Table 1: Occurrence of CpGV resistance in organic apple growing in Germany 2004 — 2019, verified
in laboratory bioassays of L1 larvae by LCs estimation or resistance testing and/or direct testing of
L2-L4 larvae extracted from apples.

Verified Resistance
Year Total
Type | Type ll
2004 - 2009 22 2 24
2010 - 2016 - 14 14
2017 -2019 - 17 17
2004 - 2019 22 33 55
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