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Simple Summary: Dasineura tetensi is a widespread blackcurrant pest. The susceptibility of black-
currant genotypes to leaf midge colonization was assessed to select the genotypes least susceptible
to be used as parents in the breeding. Experiments were conducted between 2012-2014 in Poland.
Percentage shoot damage, and number of eggs and larvae were assessed for each genotype. Among
tested blackcurrant genotypes, none were found to be completely resistant to this pest. However,
some genotypes (Big Ben, Nr 8/72, Ben Connan, Ben Alder, Ben Hope, Foxendown, Ben Nevis,
Fariegh, Ojebyn, and Ben Tirran) were colonized by the pest below the threshold level (10%); proving
tolerance to the pest. The fewest pest eggs were recorded on the genotypes Big Ben, Ben Connan,
Ben Alder, and Ben Nevis, and out of these Big Ben, Nr 8/72, Ben Connan, and Foxendown had the
least larvae recorded.

Abstract: Blackcurrant leaf midge (Dasineura tetensi) is a widespread pest of blackcurrant. Attacks by
this pest can cause up to 60% reduction in the growth of shoots resulting in yield decreases. Our study,
conducted (2012-2014) in Poland, aimed to assess the susceptibility of blackcurrant genotypes to D.
tetensi, in order to select genotypes as parental lines for breeding new blackcurrant genotypes. Among
tested blackcurrant genotypes, none were found to be completely resistant to this pest. The pest
colonized genotypes Big Ben, Nr 8/72, Ben Connan, Ben Alder, Ben Hope, Foxendown, Ben Nevis,
Fariegh, Ojebyn, and Ben Tirran below the threshold level (10%). In contrast, genotypes Nr 7/15,
Ben Lomond, Ben Finlay, Tisel, Polares, Polonus, Tiben, PC-110, Polben, Gofert, Ruben, and Ores
suffered pest levels above the threshold. With regard to egg numbers, the fewest were recorded on
genotypes Big Ben, Ben Connan, Ben Alder, and Ben Nevis, and the most on Gofert and Ores. Fewer
larvae were recorded on genotypes Big Ben, Nr 8/72, Ben Connan, and Foxendown compared to Ben
Lomond, PC-110, Gofert, Tiben, Polben, and Ores. Developing blackcurrant genotype resistance to
leaf midge strongly supports the IPM strategy.

Keywords: Dasineura tetensi; leaf curling midge; Cecidomyiidae; blackcurrant; genotype assessment

1. Introduction

Blackcurrant (Ribes nigrum L.) is an important fruit-growing crop [1-3]. It is grown
on a large scale mainly in northern Europe and Russia [4], where it was domesticated
at least 400 years ago [2]. Poland has been the largest producer of blackcurrant fruit in
Europe for many years [5]. Berries are used in large-scale production of fruit juices and
other processes where its high level of vitamin C and anthocyanins are highly valued [2,6].
Commercial blackcurrant fruit production in Poland, as in all other countries, is now
completely mechanized [7].
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Blackcurrant leaf midge, Dasineura tetensi Riibs. (Diptera: Cecidomyiidae), is a common
blackcurrant pest in Poland, the United Kingdom (UK), Europe and New Zealand [4,8,9]. Its
larvae constitute the most noticeable stage of this pest, which feed gregariously within the
shelter of young, furled leaf galls at the shoot tips [10]. Blackcurrant is the only host of
D. tetensi [11]. However, if midge larvae are transferred at the first instar stage they may
gall and develop through to maturity on red currant (R. rubrum) [12,13]. Goncharova [14]
showed that the salivary glands of D. tetensi contain amylase and proteolytic enzymes and
that the mesophyll cells of the plant tissue fed on by the larvae suffered from cell lysis along
with a reduction in chlorophyll content. Depending on the number of infesting larvae, part
or the whole of the leaf becomes folded and twisted into a distinctive leaf gall. Older galls
become necrotic. Several adjacent leaves on a shoot may be galled, with strong, vigorous
shoots being most likely to be attacked [8,15,16]. In damaged blackcurrant leaves, the
accumulation of flavonoids and hydroxycinnamic acids can be significantly lower than in
undamaged leaves [9]. Galling damage also has a significant effect on the photosynthesis of
blackcurrant bushes due to the assimilation area of leaves being reduced [10]. In addition,
distorted young leaves can be contaminated by secondary fungal infestation [17], and leaf
curling and twisting in a severe attack masks blackcurrant reversion virus (BRV) disease
symptom (abnormal forms and patterns of leaves) which may prevent the recognition of
rogue cultivars when inspecting nursery stocks [12].

The pest has two to four generations a year, with first generation oviposition occurring
around the time of blackcurrant flowering, depending on the season and cultivar [13,15,18,19].
The first generation and start of emergence of the second generation are distinct, but later
generations may overlap [15,20,21]. The midge overwinters as larvae within cocoons in the
soil, which then pupate in early spring [8,15]. Shortly after emergence, mating occurs, and
eggs are laid in the folds of very young leaves within the growing points of blackcurrant
shoots [10]. Greenslade [22] found up to 14 eggs, but Hellqvist [13] recorded between
5-20 larvae on a single infested leaf, demonstrating that numbers can vary considerably.
On average, usually 4-5 eggs are laid per leaf.

The blackcurrant leaf midge is most damaging to young establishing plantations,
where severe infestation can lead to reductions in shoot growth, sometimes even leading to
the complete destruction of the crop [4,23]; up to 90% of shoots can be damaged by heavy
infestations of D. tetensi [24]. Within established crops, plants can counteract the damage
by growing extra shoots and therefore control is less important than in the case of seedlings
or in newly established plantations [8]. Greenslade [22], Barnes [12], and Labanowska
et al. [23] considered the midge as a serious pest of nursery stocks. Labanowska et al. [23]
reported that in mother plantations in Poland, D. tetensi attacks may cause up to 60%
reduction in shoots growth, and that in nurseries, infested plants are weakened and do not
grow to a suitable size because of the killing of terminals, causing a proliferation of side
shoots from lateral buds.

Stenseth [25] found in an experiment conducted in Norway investigating chemical
control of D. tetensi that achieving control of the first and second generations resulted in
a yield increase of approximately 50%. Reduction in the number of flowers per raceme
and reduced fruit weight were considered to be responsible for most of the yield reduction
due to midge attack. As broad-spectrum insecticides were used in their experiments, it
is possible that other pests may also have been controlled so reducing overall impacts
on the blackcurrant bushes. According to Goncharova [14], attack by D. fetensi in Russia
frequently caused a yield reduction of nearly 25%. In comparison, Cross et al. [8] reported
that in the UK, this pest had no effect on the quality and quantity of blackcurrant yield in
established commercial plantations, but the average age of plantations in their work was
more than eight years.

In Poland, D. tetensi was a serious pest in the seventies of the 20th century. After that,
this pest was not considered an important pest until 2007. Until then it was possible to con-
trol it with broad spectrum insecticides. After the withdrawal of the last organophosphate
agents from the blackcurrant plant protection program in 2007, populations of blackcurrant
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leaf midge increased. Currently Polish blackcurrant growers can use neonicotinoid insecti-
cides containing acetamiprid and since 2020 spirotetramat for controlling the pest. Unlike
growers in the UK [26], Polish blackcurrant growers do not have access to sex pheromone
traps, and so they control the pest by two insecticide sprays (one for each generation),
based on the appearance of first leaf damage in shoot tips and observation of larvae in
curled (youngest) leaves. The threshold level is 10% of shoot tips damaged with larvae
present in galls. However, it has been shown that insecticides containing acetamiprid give
only partial control of D. tetensi [8]. Spirotetramat is very effective in controlling midge
larvae, but this active ingredient and its metabolites, although below the EU maximum
residue level (MRL), can be detected in blackcurrant fruit [7]. Therefore, this substance
cannot be used on blackcurrant plantations with a ‘zero residues’ level requirement.

Increasing consumer pressure to reduce residues on fruit and concerns about midge
pesticide resistance calls for further work into the control of midges with a reduction
of pesticides. One of the methods to achieve this goal in an IPM system is developing
cultivars resistant to the pest [4]. Variation among blackcurrant genotypes in susceptibility
to gall midge attack was recognised many years ago by Greenslade [22], Stenseth [25],
North [27], Labanowska [11], Keep [20], Hellqvist and Larsson [21], and Crook [28]. Some
genotypes show antibiotic resistance to the midge, which is controlled by a dominant gene,
Dt, identified in Ribes dikuscha [20], although its mode of action remains unclear. The resistance
ranges from no gall formation and high larval mortality, to complete gall formation with larvae
that survive but develop more slowly [13,21]. However, females do not discriminate resistant
genotypes during the ovipositing period [21,28]. Hellqvist and Larsson [21] speculated that
shoot vigor or abiotic factors influenced the expression of resistance.

Hellqgvist [13] showed that the observed variation in resistance can be due to variation
in virulence among midges through two strains of the midge that had been recorded
in Sweden: a virulent midge adapted to the resistant host and a non-adapted avirulent
midge. The virulent midge was also found on the susceptible host and appeared to perform
equally well as the avirulent midge. The virulent strain was dominant despite most of
the cultivars grown having a susceptible genotype. In Poland, there is no information
concerning which strains of the midge are dominant, but the colonization assessment of
the blackcurrant cultivars and genotypes by this pest was undertaken many years ago by
Labanowska [11]. Blackcurrant cultivars cultivated in the past differed in their susceptibility
to colonization by the midge. Some cultivars, e.g., Baldwin, showed partial resistance to
midge attack, while others, e.g., Daniels September, were susceptible. Labanowska [29]
suggested that blackcurrant cultivars in which the top leaves remain closed for long
periods (slow development), e.g., cultivars belonging to Ben group, are more susceptible to
colonization by the leaf midge. In contrast, the cultivars whose top leaves grow rapidly,
like Ojebyn, are less susceptible to the colonization by this pest. However, the assortment
of cultivated cultivars of blackcurrant has changed; recently, many new cultivars have been
bred which are characterized by higher yields and longer shelf life of the fruits. However,
their host plant resistance (HPR) level to the midge is unknown.

This study aims to assess the susceptibility of blackcurrant genotypes to blackcurrant
leaf midge colonization in Poland. Based on the obtained results, it will be possible to
select genotypes that are least colonized by the pest and use them as parental lines when
breeding new blackcurrant genotypes. Developing a blackcurrant leaf midge resistant
genotype is by far much better than relying upon chemical sprays in terms of environmental
protection, fruit safety as well as the cost of repeated chemical spraying. Furthermore, such
an advancement strongly supports the IPM strategy.

2. Materials and Methods
2.1. Experimental Plots
The experiments were carried out between 2012-2014 in a blackcurrant collection

trial plantation located at the National Institute of Horticultural Research (NIHR), Exper-
imental Orchard (51°54/55.6" N, 20°06'58.8" E) in Dabrowice near Skierniewice, central
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Poland. Around this plantation were gooseberry (Ribes grossularia L.), blueberry (Vaccinium
corymbosum L.) plantations and small woodland. In the autumn of 2007, the plantation
was established in a random block, with four replications of five plants per plot. The row
spacing was 3.5 m and the plants were spaced 0.6 m apart in the row (12.6 m?/plot). In
addition, the distance between plots was 1.2 m. The bushes had a height of about 1.0-1.5m
(depending on genotype), but in the autumn 2011, shoots were cut back by hand pruner to
15 cm in height from the ground to encourage new shoot growth the following spring for
oviposition by female of D. tetensi. Re-growing cut-down plantations is common practice
in Poland especially on these where the blackcurrant gall mite (Cecidophyopsis ribis Westw.)
and blackcurrant reversion virus are not a problem. On plantations larger than 2.0 ha, this
work is mechanized. Twenty-two blackcurrant genotypes were used in the experiment.
They came from England, Poland, Scotland, and Sweden (Table 1).

Table 1. List and origin of blackcurrant genotypes evaluated in the trials.

No. Genotype Cog:;gi};l()f Parental Lines
1 Farliegh England BC;, Ribes bracteosum x BCs from gooseberry
2 Foxendown England Ben Lomond x (BCj3 from gooseberry x BCy R. glutinosum)
3 Tisel Poland Titania X self-pollinated
4 Tiben Poland Titania x Ben Nevis
5 Ores Poland (Ojebyn x Sy4) x Ceres
6 Ruben Poland Bietoruskaja Stodkaja x Ben Lomond
7 Polonus Poland (C2/1/62 x Ben Alder) x EM B1834/145
8 Polares Poland S12/3/83 x EM B1834/113
9 Nr7/15 Poland Unknown
10 Nr8/72 Poland Unknown
11 PC-110 Poland Ojebyn x Bieloruskaja Slodkaja
12 Polben Poland Ben Lomond x C2/1/62
13 Gofert Poland Gotubka x Fertodi-1
14 Ben Lomond Scotland (Consort x Magnus) x (Brodtorp x Janslunda)
15 Ben Nevis Scotland (Consort x Magnus) x (Brodtorp x Janslunda)
16 Ben Alder Scotland Ben More x Ben Lomond
17 Big Ben Scotland (Goliath x Ojebyn) op x (Ben Nevis x Vistavotchnaja)
18 Ben Connan Scotland Ben Sarek x Ben Lomond
19 Ben Tirran Scotland Ben Lomond X [(Seabrooks Black x Amos Black) x (Seabrooks Black x Ribes sp.)]
20 Ben Hope Scotland Westra x (238/36 x EM21/15)
21 Ben Finlay Scotland [(SCRIP10/9/13 x Ben Alder) x EM B1834-67]
22 Ojebyn Sweden Unknown

The mean annual rainfall during the experimental period was 600 mm, mainly con-
centrated during the spring and summer months, over a vegetation season between March
and October. The experiment was established on a mineral soil, fawn floor of light clay
with a pH of 6.0-6.5. The plantation had no irrigation or fertigation systems.

Blackcurrant plants received no chemical protection against pests and diseases. The
plantation was fertilized and weeds were controlled with contact-acting herbicides accord-
ing to recommendations for commercial IPM blackcurrant plantations.

2.2. Measurements and Observations

The genotypes were evaluated twice per year, one week after the first and second
generations of D. tetensi. In these periods of time damage leaves on shoots were easy to
found. In Poland, the first generation of the blackcurrant leaf midge usually occurs shortly
after flowering (mid-May), and the second towards the end of June or early July. During
each assessment, firstly, the percentage shoot damage was assessed by counting the total
number of damaged and undamaged shoots on each bush in situ. Shoots with no leaf midge
symptoms were classified as undamaged shoots, and shoots with leaf midge symptoms
were classified as damaged shoots, regardless of whether it had slight, moderately or
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severe damaged. Afterwards, on each sampling occasion twenty vigorous shoots were
taken per genotype (one from each bush). Samples were then placed in plastic bags and
labeled, before being taken to the NIHR’s laboratory, where the shoots were dissected and
examined for eggs and larvae under a stereo binocular microscope. The upper and lower
surface of each young leaf (regardless of their location on shoot) was examined.

In 2012 shoots had a length of about 0.15-0.20 m (first evaluation), and about 0.40-0.50 m
during the second evaluation, at the time of damage assessment and sampling for eggs and
larvae. In 2013 shoots lengths were from 0.20 to 1.20 m, and in 2014 shoots had a length of
between 0.20 and 1.5 m at the time of damage assessment. The length of shoots at the time
of sampling for eggs and larvae was about 0.50-0.60 m in 2013 and 2014.

2.3. Statistical Analysis

Keep [20] used the 1-5 scale to grade blackcurrant genotypes (younger than 10 years)
in terms of D. tetensi infestation. Grade 1 indicated no or very slight leaf symptoms of attack;
Grade 3 indicated that leaves on a few shoots only were moderately distorted; and Grade
5 represented very severe infestation, with all shoots carrying many severely distorted
leaves. Hellqvist and Larsson [21] used the 0-6 scale to assess the degree colonization of
blackcurrant genotypes by D. tetensi. Grade 0 indicated no leaf symptoms, while Grade 6
indicated very severe infestation, with all shoots having several completely distorted leaves.
However, in modern times such scales are now not considered a precise tool for assessing
sensitivity of blackcurrant genotypes to midge infestation, since they flatten infestation
data. Several previous studies have screened blackcurrant genotypes by assessing damage
(galls) and/or egg and larval numbers, but they concentrated only on one year [19] or
included only one pest generation in a year, or compared well known susceptible and
resistant genotypes [21]. However, there was a need to find a model which covered together
three years study and both pest generations. To analyze the probabilities of shoot damage
for the genotypes, we initially wanted to use generalized linear mixed effect modeling. The
reasoning behind using generalized linear models was that the dependent variable was
binary (a shoot was either damaged or not), and for using mixed effect models was the
nesting of bushes within replications as well as within the following years. Since it makes
little sense to compare the two generations, because the second generation is always more
damaging than the first one, we decided to build separate models for them. Estimation in
generalized linear mixed effects models is complex, so we additionally decided to simplify
the models by the following approach. We aimed to compare probabilities of shoot damage.
In one replication, we had five bushes, and of course we could not treat them independently.
However, we summed all the shoots from these bushes (including damaged ones), and
instead of calculating the probability per bush and then estimating the per-replication
effect (which would require us to include random effects in the model), we did so for
such overall data per replication (so, together for all the five bushes per replication). In
other words, we worked with the number of damaged shoots per replication, not per
bush. Such a procedure did not affect the per-replicate treatment and provided the very
same interpretation, but at the same time, it aided us in simplifying the model, since we
did not have to include the corresponding random effect. We could do so thanks to the
complete balance of the data, with no bush having been removed during the course of
the experiment; thus, the data were balanced at a replication level, with five bushes per
replication. This led us to generalized linear mixed effects models, for each generation, with
the only random effect being that which corresponded to the repeated measurements in
the subsequent years. The resulting models (for both generations), however, were singular,
making it impossible to fit them. Therefore, instead we built separate generalized linear
models for each generation in each year, using the binomial distribution; thus, they did not
require any random effect.

All the models showed significant effects of the genotype, an unsurprising and rather
uninteresting result given the number of genotypes tested. Therefore, we based our
interpretation on estimates of shoot damage probabilities for each genotype, in the three
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years and the two generations; we estimated them, along with the 95% confidence intervals,
using the generalized linear models built. We checked the assumptions using graphical
methods [30]. The final analysis used the standard glm function from the stats package
R [31], while our attempts to fit generalized linear mixed effects models used the glmer
function from the Ime4 package R [32].

The number of larvae and eggs data were analyzed using general linear models. This
time, there was no need for using random effects, since there was no nesting in the data.

3. Results
3.1. Response of Blackcurrant Genotypes to Leaf Midge (Dasineura tetensi) in the Field

The level of shoots damaged by D. tetensi was different on various genotypes. Among
tested genotypes, none were found to be completely resistant to the pest. Probability of
shoots damaged on blackcurrant genotypes by the larvae of D. tetensi (both pest generations)
was lower than the threat threshold (10%) on the first 10 genotypes: Big Ben, Nr 8/72, Ben
Connan, Ben Alder, Ben Hope, Foxendown, Ben Nevis, Fariegh, Ojebyn, and Ben Tirran.
They can therefore be considered as tolerant genotypes to this pest. They grew normally
although some leaves were damaged on them. However, the remaining 12 genotypes:
Nr 7/15, Ben Lomond, Ben Finlay, Tisel, Polares, Polonus, Tiben, PC-110, Polben, Gofert,
Ruben, and Ores, were more strongly damaged by the pest, all above the 10% threshold.
This result suggests that it is not possible to rely on the use of genotypes from that group

to manage the midge and therefore other pest control methods are required (Table 2).

Table 2. Probability of shoot damage per genotype. The cells show estimates with 95% confidence intervals estimated using

generalized linear models. The genotypes are sorted according to the increasing mean probability across the three years and

both pest generations.

Estimated Probability of Damage of a Shoot (Estimates with 95% Confidence Intervals)

Genotype First Generation Second Generation
2012 2013 2014 2012 2013 2014

Big Ben 0.001 0.010 0.046 0.003 0.018 0.057 0.000 0.008 0.034 0.012 0.038 0.092 0.010 0.033 0.078 0.012 0.034 0.075
Nr8/72 0.002 0.012 0.039 0.002 0.011 0.034 0.006 0.020 0.046 0.014 0.035 0.072 0.019 0.042 0.079 0.016 0.036 0.069
Ben Connan 0.001 0.009 0.041 0.000 0.008 0.034 0.005 0.019 0.051 0.019 0.048 0.100 0.020 0.047 0.093 0.024 0.051 0.094
Ben Alder 0.006 0.023 0.060 0.002 0.012 0.038 0.004 0.016 0.042 0.030 0.062 0.115 0.032 0.062 0.109 0.035 0.064 0.107
Ben Hope 0.008 0.026 0.061 0.010 0.029 0.064 0.004 0.016 0.042 0.014 0.037 0.076 0.040 0.073 0.123 0.032 0.060 0.103
Foxendown 0.007 0.028 0.073 0.006 0.024 0.064 0.005 0.022 0.058 0.011 0.035 0.083 0.038 0.078 0.141 0.025 0.054 0.104
Ben Nevis 0.006 0.025 0.066 0.005 0.020 0.052 0.004 0.016 0.042 0.022 0.052 0.103 0.043 0.079 0.134 0.030 0.057 0.098
Fariegh 0.012 0.038 0.090 0.010 0.034 0.080 0.013 0.038 0.083 0.026 0.063 0.124 0.024 0.056 0.112 0.021 0.050 0.100
Ojebyn 0.015 0.038 0.078 0.020 0.041 0.075 0.011 0.025 0.050 0.033 0.063 0.108 0.020 0.041 0.073 0.052 0.081 0.120
Ben Tirran 0.019 0.048 0.100 0.020 0.047 0.092 0.007 0.022 0.052 0.031 0.067 0.123 0.029 0.059 0.105 0.047 0.081 0.130
Nr7/15 0.021 0.0550.114 0.019 0.049 0.101 0.012 0.034 0.074 0.055 0.104 0.181 0.069 0.120 0.196 0.082 0.133 0.205
Ben Lomond 0.010 0.032 0.075 0.007 0.023 0.054 0.014 0.033 0.066 0.042 0.080 0.138 0.099 0.149 0.217 0.152 0.210 0.283
Ben Finlay 0.031 0.064 0.114 0.035 0.066 0.113 0.037 0.067 0.111 0.060 0.102 0.163 0.0720.1150.174 0.110 0.159 0.223
Tisel 0.002 0.009 0.029 0.010 0.025 0.052 0.019 0.037 0.066 0.067 0.105 0.156 0.124 0.173 0.236 0.187 0.243 0.313
Polares 0.016 0.046 0.102 0.024 0.056 0.112 0.013 0.035 0.078 0.124 0.198 0.304 0.086 0.144 0.227 0.150 0.223 0.321
Polonus —-0.000* - 0.001 0.008 0.035 0.002 0.014 0.043 0.189 0.282 0.410 0.198 0.287 0.405 0.217 0.303 0.417
Tiben 0.010 0.028 0.061 0.017 0.038 0.073 0.017 0.036 0.066 0.204 0.279 0.375 0.248 0.323 0.417 0.222 0.287 0.366
PC-110 0.082 0.128 0.192 0.103 0.151 0.214 0.119 0.167 0.228 0.132 0.189 0.264 0.238 0.312 0.403 0.299 0.376 0.468
Polben 0.016 0.041 0.084 0.023 0.049 0.091 0.029 0.055 0.094 0.348 0.460 0.602 0.403 0.512 0.648 0.431 0.536 0.665
Gofert 0.004 0.016 0.043 0.025 0.049 0.085 0.041 0.068 0.107 0.194 0.265 0.354 0.374 0.469 0.584 0.744 0.880 1.041
Ruben 0.002 0.015 0.046 0.002 0.013 0.041 0.002 0.011 0.036 0.545 0.703 0.905 0.546 0.695 0.882 0.587 0.734 0.915
Ores 0.012 0.032 0.065 0.016 0.036 0.068 0.017 0.036 0.065 0.553 0.686 0.848 0.579 0.705 0.858 0.683 0.814 0.969

# For genotype Polonus in 2012 in the first generation, no shoots were damaged, so this scenario was removed from the statistical analysis.

3.2. Eggs Number

The mean numbers of D. tetensi eggs found on different blackcurrant genotypes varied,
ranging from 0.25 to 9.00. The fewest eggs were laid on genotype shoots belonging to Big
Ben, Ben Connan, Ben Alder, and Ben Nevis. The most eggs were recorded on the shoots of
genotypes Gofert and Ores (Table 3).
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Table 3. Estimated mean number of eggs from four five-shoot replications per genotype. The cells show estimates with 95%

confidence intervals estimated using generalized linear models. The genotypes are sorted according to the increasing mean

probability across the three years and both pest generations.

Estimated Mean Number of Eggs per Five-Shoot Replication (Estimates with 95% Confidence Intervals)

Genotype First Generation Second Generation
2012 2013 2014 2012 2013 2014

Big Ben 0.09 0.75 2.66 0.050.50 1.81 0.20 1.00 2.86 1.052.254.13 0.140.752.20 1.843.255.23
Ben Connan 0.000.251.98 0.00 # 0.69 2.00 4.38 1.57 3.005.11 0.06 0.50 1.77 1.66 3.00 4.92
Ben Adler 1.00 # 0.00% 0.561.754.01 1.392.754.79 0.651.753.70 1.122.253.95
Ben Nevis 0.03 0.50 2.20 0.050.50 1.81 1.303.00 5.78 0.892.00 3.79 0.651.753.70 2.03 3.50 5.55
Fariegh 1.00%* 0.010.251.34 0.842.254.73 1.222.50 4.46 0.06 0.50 1.77 3.195.00 7.39
Foxendown 0.201.253.49 0.24 1.00 2.64 2.134.257.44 0.571.50 3.10 0.140.752.20 1.482.75 4.60
Ben Tirran 0.371.50 3.89 0.050.50 1.81 0.842.254.73 2.304.00 6.38 0.371.252.97 1.843.255.23
Nr 8/72 0.491.754.27 0.00 * 3.96 6.75 10.62 0.731.753.45 1.112504.74 0.020.251.04
Polares 0.491.754.27 0.14 0.752.24 0.99 2.50 5.09 1.753.255.43 0.140.752.20 2.414.006.17
Ojebyn 1.00%* 0.49 1.50 3.39 1.793.756.78 1.392.754.79 0.651.753.70 1.66 3.00 4.92
Ben Finlay 0.37 1.50 3.89 0.361.253.02 1.30 3.00 5.78 1.392.754.79 0.371.252.97 2.604.256.47
Ruben 0.371.50 3.89 0.14 0.752.24 1.142.755.43 2.68 4.507.00 0.371.252.97 2.804.506.78
Polben 0.261.253.49 0.49 1.50 3.39 1.303.005.78 1.392.754.79 2.144.00 6.71 1.843.255.23
Ben Lomond 1.042.755.72 0.36 1.25 3.02 1.142.755.43 1.933.505.75 0.371.252.97 3.004.757.08
Ben Hope 0.76 2.255.01 0.36 1.25 3.02 1.142.755.43 2.304.00 6.38 0.651.753.70 2.804.50 6.78
Polonus 0.00 * 0.14 0.752.24 0.69 2.00 4.38 2.49 4.25 6.69 1.79 3.50 6.06 4.61 6.759.47
Tisel 0.62 2.00 4.64 0.24 1.00 2.64 1.62 3.50 6.45 2.304.00 6.38 1.96 3.75 6.39 4.32 6.409.06
PC-110 0.371.50 3.89 0.782.00 4.11 0.431.50 3.64 3.655.75 8.53 2.694.757.66 3.99 6.00 8.58
Tiben 1.373.256.42 0.782.004.11 2.134.257.44 2.49 4.25 6.69 2.144.00 6.71 3.795.75 8.29
Nr7/15 1.673.757.11 0.782.00 4.11 3.03 5.50 9.05 2.874.757.31 2.694.757.66 2.223.755.86
Gofert 0.90 2.50 5.37 0.36 1.25 3.02 2.314.507.77 2.49 4.25 6.69 2.324.257.03 6.27 8.7511.81
Ores 1.994.257.78 0.49 1.50 3.39 2.855.258.73 3.06 5.00 7.62 2.514.507.35 6.489.00 12.10

# Some of the genotypes have no confidence intervals because too few counts for them resulted in unstable models.

3.3. Larvae Number

Mean leaf midge larvae numbers varied between the genotypes, ranging from 0.25 to
10.50. Fewer D. tetensi larvae were found on the shoots of the genotypes Big Ben, Nr 8/72,
Ben Connan, and Foxendown suggesting that likely occurrence of antibiosis mechanisms
in them; more were recorded on the shoots of genotypes Ben Lomond, PC-110, Gofert,
Tiben, Polben, and Ores. All of the larvae found were alive and varied in color and size,
due to the fact that eggs had been laid at different times in the field (Table 4).

Table 4. Estimated mean number of larvae from four five-shoot replications per genotype. The cells show estimates with

95% confidence intervals estimated using generalized linear models. The genotypes sorted are according to the increasing

mean probability across the three years and both pest generations.

Estimated Mean Number of Larvae per Five-Shoot Replication (Estimates with 95% Confidence Intervals)

Genotype First Generation Second Generation
2012 2013 2014 2012 2013 2014

Big Ben 0.000.251.91 1.50 3.50 6.78 0.09 0.75 2.58 2.624.00 5.80 3.504.75 6.26 3.115.00 7.54
Nr 8/72 0.67 2.255.36 0.26 1.25 3.50 1.71 3.75 6.99 3.234.75 6.69 4.36 5.757.40 1.08 2.25 4.07
Ben Connan 0.421.754.59 0.37 1.50 3.89 1.68 3.70 6.93 2.824.256.10 3.504.75 6.26 3.115.00 7.54
Foxendown 1.223.256.81 1.042.755.74 2.214.507.99 2.62 4.00 5.80 4.365.757.40 1.96 3.50 5.68
Fariegh 2.164.75 8.88 2.685.259.10 2.745.25 8.97 3.234.75 6.69 3.08 4.25 5.69 3.70 5.75 8.45
Ruben 2.164.75 8.88 1.663.757.12 1.393.256.32 5.54 7.509.88 5.46 7.00 8.81 4.30 6.50 9.35
Ben Alder 3.356.5011.18 1.50 3.50 6.78 1.874.007.33 6.18 8.2510.74 4.806.257.97 3.115.00 7.54
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Table 4. Cont.

Estimated Mean Number of Larvae per Five-Shoot Replication (Estimates with 95% Confidence Intervals)

Genotype First Generation Second Generation
2012 2013 2014 2012 2013 2014

Ben Tirran 3.00 6.00 10.53 3.756.7511.03 3.46 6.25 10.24 4.055.757.86 4.58 6.00 7.68 3.115.00 7.54
Polares 3.356.5011.18 3.39 6.2510.39 3.536.3510.37 5.117.009.31 5.02 6.50 8.25 3.78 5.85 8.57
Ben Nevis 2.66 5.50 9.87 3.39 6.2510.39 3.105.759.61 5.757.7510.17 5.24 6.75 8.53 4917.2510.24
Ben Hope 2.16 4.75 8.88 3.756.7511.03 3.105.759.61 6.18 8.2510.74 5.687.259.09 4.506.759.64

Ojebyn 3.356.5011.18 3.947.0011.34 3.46 6.2510.24 5.96 8.00 10.45 5.687.259.09 3.90 6.00 8.75
Ben Finlay 3.897.2512.15 3.035.759.75 4.207.2511.50 5.327.259.60 5.907.509.37 4.506.759.64
Nr7/15 4.257.7512.79 3.035.759.75 2.925.509.29 6.18 8.2510.74 6.57 8.2510.2 5.407.8510.95
Tisel 2.16 4.75 8.88 3.947.0011.34 4.477.6011.94 6.18 8.2510.74 6.127.759.64 5.538.0011.12
Polonus -0.00% - 0.26 1.25 3.50 1.71 3.75 6.99 7.089.2511.82 5.68 7.259.09 5.738.2511.41
Ben Lomond 4.43 8.00 13.10 4.127.2511.66 3.83 6.7510.88 5.757.7510.17 5.24 6.75 8.53 4917.2510.24
PC-110 5.369.25 14.67 5.07 8.50 13.21 5.358.7513.36 6.839.00 11.59 5.907.509.37 5.11 7.50 10.53
Gofert 2.16 4.75 8.88 4.69 8.00 12.59 5.749.2513.97 7.269.50 12.15 7.01 8.7510.76 7.62 10.50 14.03
Tiben 5.749.75 15.30 4.127.2511.66 496 8.2512.74 7.049.2511.87 7.239.00 11.03 5.11 7.50 10.53
Polben 6.1210.2515.92 3.035.759.75 496 8.2512.74 7.269.50 12.15 7.239.00 11.03 6.57 9.25 12.58
Ores 5.369.25 14.67 4.69 8.00 12.59 5.158.50 13.05 7.92 10.25 13.00 7.46 9.2511.31 6.999.7513.16

# For genotype Polonus in 2012 in the first generation, no larvae were found, so this scenario was removed from the statistical analysis.

4. Discussion

During 2012-2014, blackcurrant leaf midge infestations at the Experimental Orchard
were so severe and widespread that it left no doubt that none of the blackcurrant genotypes
grown there were fully resistant to this pest. In the past, some genotypes from northern
Scandinavia (Sunderbyn II and Kangosfors) and Russia (e.g., Dikovinka) showed genetic
resistance with no symptoms of attack [20], but our collection does not include them. The
blackcurrant genotype Storklas which is resistant to midge attack was listed by Hellqvist
and Larsson [21]. In greenhouse studies, Storklas displayed similar resistance to that of
Sunderbyn II, that is, no ovipositional discrimination and high first larval instar mortality.
However, resistance against D. tetensi in Storklas seems to be unstable; in Hellqvist and
Larsson’s [21] study larval performance ranged from 100% mortality to successful though
slow development. Similarly, in field experiments, Storklas showed almost no symptoms
of galling in one field but a rather high degree in the other, despite similar infestation levels
on susceptible genotypes in neighboring plots in both fields. According to Hellqvist [13],
variation in larval performance on Storklas was at least in part, due to genetic variation in
virulence among midges. That study concluded that at least two different biotypes (A and
B) of D. tetensi existed in northern Sweden, the two being characterized by the ability, or its
lack of, to develop on the resistant cultivar Storklas. Larvae of biotype A are avirulent on
Storklas; they do not cause galling symptoms on the leaves and they do not develop into
mature larvae. Those of biotype B are virulent on Storklas; larvae cause gall formation on
the leaves and they develop to maturity.

In Poland, D. tetensi was first detected near Skierniewice (Sochaczew) in 1958 by
Stepniewska [33]. There is no information on which strains of the midge were dominant,
but probably both biotypes were present, because none of the genotypes assessed were
completely resistant. In our study, the genotypes Big Ben, Nr 8/72, Ben Connan, Ben
Alder, Ben Hope, Foxendown, Ben Nevis, Fariegh, Ojebyn, and Ben Tirran were less
colonized/tolerant (<10%) by D. tetensi than Nr 7/15, Ben Lomond, Ben Finlay, Tisel,
Polares, Polonus, Tiben, PC-110, Polben, Gofert, Ruben, and Ores. Three of the 22 genotypes
assessed in the field were also included in the study by Keep [20] in Scotland: Ben Nevis,
Ben Lomond, and Ojebyn. Here, they were found to be highly susceptible to D. tetensi.
Ojebyn was also susceptible to the leaf midge in trials led by Hellqvist and Larsson [21]. In
our trials, however, only Ben Lomond was susceptible and Ben Nevis and Ojebyn were
less infested. According to Brennan [2], Ben Connan is resistant while Ben Alder and
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Ben Tirran are susceptible to leaf midge. Our study did not confirm this, with all three
of these genotypes falling into the group of being less colonized by the midge. Further
along, Buczacki and Harris [34] reported that Ben Connan was partially resistant to leaf
midge, an observation confirmed in our experiment. Crook et al. [19] also investigated
susceptibility of blackcurrant genotypes to leaf midge, and in their field experiments,
Ben Connan showed significantly smaller leaf curl than did Ben Alder. As was the case
for Ben Connan, our work confirms their results, because for Ben Alder we received the
opposite result. Griffiths et al. [1] analyzed leaves of blackcurrant genotypes susceptible
and resistant to the midge using gas-chromatography linked to mass spectrometry. They
found that the chemical make-up of odor plumes produced by two susceptible genotypes
(Ben Alder and Ben Tirran) and one resistant genotype (Ben Connan) were identical, with
only small quantitative differences between the three genotypes. There were no clear trends,
with one volatile present in higher concentration in resistant versus susceptible plants or
vice versa. These results are in line with ours, because in the current study all the three
blackcurrant genotypes showed similar resistance (and were only a little susceptible to the
pest). In addition, a search of the available literature did not expose any other research on
blackcurrant leaf midge utilizing these genotypes as in our study.

Crook and Mordue [17] reported that adult mated females of D. tetensi responded
to blackcurrant odor emitted from leaves and buds, suggesting that olfaction plays a
crucial role in finding a suitable oviposition site. Unmated females were not attracted
to host-plant odor stimulus, suggesting that mating is a trigger for a switch in behavior
and is a pre-requisite to searching for an oviposition site. Crook et al. [19] investigated
midge oviposition on blackcurrant plants of both resistant and susceptible cultivars. Single
mated females, which were less than twenty-four hours old, were introduced to shoots
of either Ben Alder (susceptible) or Ben Connan (midge resistant). Twenty-four hours
later, the shoots were examined under a microscope for eggs. The females showed no
preference towards any of the two genotypes. Genotypes Ben Alder and Ben Connan
were also investigated within our study, and we achieved similar results, because only a
few midge eggs were found on these genotypes. According to Hellqvist and Larsson [21],
host acceptance by D. tetensi females may be influenced by egg load; that is, ovipositing
females may be less discriminative when having many eggs in their abdomen than those
that carry fewer eggs. If this was the case, females should have been choosier during the
second ovipositional period, by which time they had already deposited some of their eggs.
However, they found no indication of such a change in motivation to oviposit between pe-
riods, further supporting the hypothesis that D. tetensi females do not discriminate against
resistant plants. The differences in the number of eggs laid by D. tetensi on susceptible
(Ojebyn) and resistant (Storklas) genotypes were not significant. In our study, we also
did not see differences in the number of eggs laid on Ojebyn and Big Ben, Ben Connan,
Ben Adler, and Ben Nevis. Female antixenosis is not the main mechanism for resistance
to D. tetensi on resistant genotypes. In our study, besides Ben Connan and Ben Alder, the
fewest number of eggs were also found on genotypes Big Ben, Ben Alder, Ben Nevis, and
the most eggs were recorded on Gofert and Ores genotypes. However, we are not aware
of any obvious or consistent association between plant and insect between tolerant and
susceptible blackcurrant genotypes that females could use as ovipositional cues.

Crook et al. [19] observed in the field study that larvae reared on Ben Connan (midge-
resistant) plants were smaller in size than those reared on Ben Alder (midge-susceptible),
but no statistical analysis was performed, due to the fact that larvae were hatched at
different times in the field. However, in a controlled conditions study, they archived that,
larvae reared on the susceptible cv. Ben Alder were significantly longer than on Ben Connan.
We did not observe such differences, because we assessed the genotypes only twice each
year, but parameters such as larval size or weight would be a valuable metric to measure
in future investigations; alternatively, fewer larvae were found on Ben Connan than on
Ben Alder. There were large differences in larval growth between the two blackcurrant
genotypes Ojebyn (susceptible) and Storklas (resistant). In some replicates, larvae did not
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increase in size and remained in their first instar until they died on resistant genotype.
Larvae did grow on other replicates, although much more slowly than on susceptible
genotypes [21]. This result is similar to ours, because on genotype Ojebyn more larvae
were found than on Big Ben, Nr 8/72, Ben Connan, and Foxendown. The fact that fewer
larvae were found on shoots of some genotypes, suggests that larval antibiosis during the
larva-hostplant interactions at gall formation may be an important factor in plant resistance
in D. tetensi.

Hellgvist and Larsson [21] claimed that for larval performance, the manipulation of
the host leaf appears crucial. Slow gall initiation translates into greater leaf expansion
before the larvae affect it, so in this way the leaf suffers less damage. However, larval
development may be influenced by plant vigour [8] and direct abiotic factors such as
temperature or humidity [35]. In the field, where the pest needs to struggle with various
stressful conditions, it may be important for the larvae to quickly transform the leaf into a
gall (independently of blackcurrant genotypes), where they would be more sheltered [13].

5. Conclusions

Among the blackcurrant genotypes tested, none were fully resistant to Dasineura tetensi.
However, our survey showed that there are some genotypes such as Big Ben, Nr 8/72, Ben
Connan, Ben Alder, Ben Hope, Foxendown, Ben Nevis, Fariegh, Ojebyn, and Ben Tirran,
which were colonized by the pest below the threshold level of 10%. They can therefore be
considered as tolerant genotypes to this pest, and potentially be used as parental lines when
breeding new blackcurrant genotypes. These genotypes are recommended to planting
on plantations with an IPM system. The study also demonstrated that other genotypes
Nr 7/15, Ben Lomond, Ben Finlay, Tisel, Polares, Polonus, Tiben, PC-110, Polben, Gofert,
Ruben, and Ores were damaged above the threshold level. This suggests that it is not
possible to rely only on them to manage midge populations and that other pest control
methods—e.g., chemical spraying—are required. In addition, fewest eggs of the pest were
laid on genotypes Big Ben, Ben Connan, Ben Alder, and Ben Nevis, and most eggs were
found on genotypes Gofert and Ores. Furthermore, fewer D. tetensi larvae were found on
the shoots of genotypes Big Ben, Nr 8/72, Ben Connan, and Foxendown, and more larvae
were recorded on the shoots of genotypes Ben Lomond, PC-110, Gofert, Tiben, Polben,
and Ores. This research will be continued in the new blackcurrant collection trial by the
National Institute of Horticultural Research.

Author Contributions: Conceptualization, W.P. and B.H.L.; Methodology, W.P. and B.H.L.; validation,
W.P. and B.H.L.; formal analysis, M.K.; Investigation, W.P,; resources, W.P.; data curation, W.P. and
M.K.; writing—original draft preparation, W.P.; writing—review and editing, W.P, B.H.L. and M.K.;
Supervision, B.H.L. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Data is contained within the article.

Acknowledgments: We thank Stanistaw Pluta from the Department of Horticultural Crop Breeding
of the NIHR for access to the blackcurrant collection. We also thank Andrew G.S. Cuthbertson, York,
UK for comments on an earlier version of the manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

1. Griffiths, D.W,; Robertson, G.W.; Birch, A.N.E.; Brennan, R.M. Evaluation of Thermal Desorption and Solvent Elution Combined
with Polymer Entrainment for the Analysis of Volatiles Released by Leaves from Midge (Dasineura tetensi) Resistant and
Susceptible Blackcurrant (Ribes Nigrum L.) cultivars. Phytochem. Anal. 1999, 10, 328-334. [CrossRef]

2. Brennan, RM. Currants and gooseberries. In Fruit Breeding, vol. 2: Vine and Small Fruit Crops; Janick, J., Moore, ].N., Eds.; John
Wiley & Sons: New York, NY, USA, 1996; pp. 191-295.


http://doi.org/10.1002/(SICI)1099-1565(199911/12)10:6&lt;328::AID-PCA473&gt;3.0.CO;2-S

Insects 2021, 12, 492 11 of 12

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.
27.

28.

29.
30.

31.

Brennan, R.M. Currants and gooseberries. In Temperate Fruit Crop Breeding: Germplasm to Genomics; Hancock, J.F., Ed.; Springer:
Dordrecht, The Netherlands, 2008; pp. 177-196.

Mitchell, C.; Brennan, R.M.; Cross, ].V.; Johnson, S.N. Arthropod pests of currant and gooseberry crops in the UK: Their biology,
management and future prospects. Agric. For. Entomol. 2011, 13, 221-237. [CrossRef]

Pluta, S.; Madry, W.; Sieczko, L. Phenotypic diversity for agronomic traits in a collection of blackcurrant (Ribes nigrum L.) cultivars
evaluated in Poland. Sci. Hortic. 2012, 145, 136—144. [CrossRef]

Szajdek, A.; Borowska, E. Bioactive compounds and health-promoting properties of berry fruits- review. Plant Foods Hum. Nutr.
2008, 63, 147-156. [CrossRef] [PubMed]

Piotrowski, W.; Labanowska, B.H.; Cross, ]J.V. Efficacy of spirotetramat for control of blackcurrant leaf midge Dasineura tetensi
(Riibs.), its effects on phytoseiid predatory mites and residues in fruits. Eur. J. Hortic. Sci. 2020, 85, 455-470. [CrossRef]

Cross, J.V.,; Harris, A.L.; Farman, D.F.; Hall, D.R. Assessment of the effects of crop injury by blackcurrant leaf midge, Dasineura
tetensi (Rilbsaamen) (Cecidomyiidae) on yield and growth in commercial blackcurrant plantations. Crop Prot. 2016, 82, 51-59.
[CrossRef]

Piotrowski, W.; Oszmiarniski, J.; Wojdyto, A.; Labanowska, B.H. Changing the content of phenolic compounds as the response of
blackcurrant (Ribes nigrum L.) leaves after blackcurrant leaf midge (Dasineura tetensi Rubs.) infestation. Plant Physiol. Bioch. 2016,
106, 149-158. [CrossRef] [PubMed]

Cross, ].V.; Crook, D.J. Predicting spring emergence of blackcurrant leaf midge (Dasineura tetensi) from air temperatures. Entomol.
Exp. Appl. 1999, 91, 421-430. [CrossRef]

Labanowska, B.H. Biologia i Zwalczanie Pryszczarka Porzeczkowiaka LiSciowego Dasyneura tetensi (Rilbsaamen). Ph.D. Thesis,
Research Institute of Pomology and Floriculture, Skierniewice, Poland, 1981. (In Polish).

Barnes, H.F. Gall Midges of Economic Importance. Vol. III. Gall Midges of Fruit; Crosby Lockwood: London, UK, 1948; pp. 63-69.
Hellqvist, S. Biotypes of Dasineura tetensi, differing in ability to gall and develop on black currant genotypes. Entomol. Exp. Appl.
2001, 98, 85-94. [CrossRef]

Goncharova, N.G. Biological and ecological features of the development of the black-currant gall-midge. Izv. Timirjazevskoj
Selskokh. Akad. 1967, 3, 159-172. (in Russian).

Labanowska, B.H. Biologia i zwalczanie pryszczarka porzeczkowiaka liSciowego Dasyneura tetensi (Rubs.) (Diptera: Itonididae-
Cecidomyiidae). Cz. 2: Rozwdj populacji w sezonie wegetacyjnym. Pr. Inst. Sadow. Ser. A 1983, 24, 211-224. (In Polish with
English Abstract)

Alford, D.V. Pests of Fruit Crops: A Colour Handbook; Manson Publishing: London, UK, 2007; p. 461.

Crook, D.J.; Mordue (Luntz), A.J. Olfactory responses and sensilla morphology of the blackcurrant leaf midge Dasineura tetensi.
Entomol. Exp. Appl. 1999, 91, 37-50. [CrossRef]

Hellqvist, S. Phenology of the black currant leaf midge (Dasineura tetensi) in Northern Sweden. Acta Agric. Scand. Sect. B 2001, 51,
86-92. [CrossRef]

Crook, D.J.; Cross, J.; Birch, A.N.E.; Brennan, R.M.; Mordue, A.]J. Oviposition and larval survival of Dasineura tetensi on four black
currant Ribes cultivars. Entomol. Exp. Appl. 2001, 101, 183-190. [CrossRef]

Keep, E. The black currant leaf curling midge, Dasyneura tetensi Rubs.; its host range, and the inheritance of resistance. Euphytica
1985, 34, 801-809. [CrossRef]

Hellqvist, S.; Larsson, S. Host acceptance and larval development of the gall midge Dasineura tetensi (Diptera, Cecidomyiidae) on
resistant and susceptible black currant. Entomol. Fenn. 1998, 9, 95-102. [CrossRef]

Greenslade, R M. The Black Currant Leaf Midge Dasyneura tetensi Riibs; Report of East Malling Research Station for 1940; Maidstone:
Kent, UK, 1941; pp. 66-71.

Labanowska, B.H.; Predki, S.; Kartowski, R.; Kobiela, B.; Suski, Z.W. Biologia i zwalczanie pryszczarka porzeczkowiaka
lisSciowego, Dasyneura tetensi (Rubs.) (Diptera: Itonididae-Cecidomyiidae). Cz.5: Zwalczanie Dasyneura tetensi (Rubs.) w
szkétkach i matecznikach porzeczki czarnej oraz jego wplyw na plon sadzonek. Pr. Inst. Sadow. Ser. A 1984, 25, 111-125, (In
Polish with English Summary).

Metlitskii, O.Z.; Zeinalov, A.S. Non chemical control of gall-midges on currant. Sadovodstvo-i-Vinogradarstvo 1993, 3, 16-17.
Stenseth, C. The black currant leaf midge (Dasyneura tetensi Riibs.). Investigations on the biology, control measures and the effect
of attack on growth and yield. Forsk. Fors. Landbr. 1966, 17, 241-258. (In Norwegian)

Amarawardana, L. The Chemical Diversity of Midge Pheromones. Ph.D. Thesis, University of Greenwich, London, UK, 2009.
North, C. Plant Breeding: Blackcurrant; Annual Report of the Scottish Horticultural Research Institute; Price Five Shillings:
Edinburgh, UK, 1967; p. 78.

Crook, D.]. Interactions of the Blackcurrant Leaf Curling Midge, Dasineura tetensi with Resistant and Susceptible Host Plant
Cultivars. Ph.D. Thesis, University of Aberdeen, Aberdeen, UK, 1998.

Labanowska, B.H. Pests of Fruit Bushes. Chapter: Currant and Gooseberry; Plantpress: Krakéw, Poland, 2013; pp. 94-144. (In Polish)
Kozak, M.; Piepho, H.P. What’s normal anyway? Residual plots are more telling than significance tests when checking ANOVA
assumptions. J. Agron. Crop. Sci. 2018, 204, 86-98. [CrossRef]

R Core Team. R: A Language and Environment for Statistical Computing. R Foundation for Statistical Computing; R Foundation for
Statistical Computing: Vienna, Austria, 2020. Available online: https://www.R-project.org/ (accessed on 3 August 2020).


http://doi.org/10.1111/j.1461-9563.2010.00513.x
http://doi.org/10.1016/j.scienta.2012.07.036
http://doi.org/10.1007/s11130-008-0097-5
http://www.ncbi.nlm.nih.gov/pubmed/18931913
http://doi.org/10.17660/eJHS.2020/85.6.10
http://doi.org/10.1016/j.cropro.2016.01.006
http://doi.org/10.1016/j.plaphy.2016.04.029
http://www.ncbi.nlm.nih.gov/pubmed/27161581
http://doi.org/10.1046/j.1570-7458.1999.00510.x
http://doi.org/10.1046/j.1570-7458.2001.00760.x
http://doi.org/10.1046/j.1570-7458.1999.00464.x
http://doi.org/10.1080/090647101753483804
http://doi.org/10.1046/j.1570-7458.2001.00902.x
http://doi.org/10.1007/BF00035419
http://doi.org/10.33338/ef.83970
http://doi.org/10.1111/jac.12220
https://www.R-project.org/

Insects 2021, 12, 492 12 of 12

32. Bates, D.; Maechler, M.; Bolker, B.; Walker, S. Fitting Linear Mixed-Effects Models Using Ime4. |. Stat. Softw. 2015, 67, 1-48.
[CrossRef]

33. Stepniewska, K. Biuletyn Kwarantanny i Ochrony Roslin; Ministerstwo Rolnictwa: Warszawa, Poland, 1958; pp. 86-88.

34. Buczacki, S.; Harris, K. Collins Pests, Diseases and Disorders of Garden Plants; Photo Guide; Harper Collins Publishers: London, UK,
1998.

35. Hellgvist, S. Interaction between relative humidity and resistance to Dasineura tetensi in blackcurrant. Agric. For. Entomol. 2001, 3,
217-223. [CrossRef]


http://doi.org/10.18637/jss.v067.i01
http://doi.org/10.1046/j.1461-9555.2001.00110.x

	Introduction 
	Materials and Methods 
	Experimental Plots 
	Measurements and Observations 
	Statistical Analysis 

	Results 
	Response of Blackcurrant Genotypes to Leaf Midge (Dasineura tetensi) in the Field 
	Eggs Number 
	Larvae Number 

	Discussion 
	Conclusions 
	References

