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Abstract  
 
This study was carried out in а raspberry plantation (2017-2019) in the experimental field of the Institute of Agriculture 
- Kyustendil, Bulgaria. The purpose of the study was to investigate the effect of organic fertilizer application on the 
larvae density of Resseliella theobaldi (Barnes) and population management, using biological plant protection 
products. Our results indicate that the use of organic fertilizers has a negative effect on the survival of R. theobaldi 
larvae but has no effect on the larval endoparasitoid Aprostocetus epicharmus (Walker) in the cultivars ′Willamette′ 
and ′Lyulin′. The interrelationship between R. theobaldi and A. epicharmus in organic raspberry production has also 
been studied. The assessed rate of parasitism by A. epicharmus (24.94-36.11%). is considered to be enough to reduce 
the population of R. theobaldi in cv. ′Lyulin′ effectively without chemical control. Two treatments with bioinsecticides 
have been carried out for the protection of cv. ′Willamette′ due to a significantly lower rate of parasitism in this cultivar 
(11.68-20.05%). The most effective insecticides for the control of adults of R. theobaldi have been identified as follows: 
Pyrethrum FS EC - conc. 0.05% and NeemAzal®-T/S - conc. 0.3%. 
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INTRODUCTION  
 
In many European countries (Germany, Poland, 
United Kingdom, other Nordic Southeast 
Europe countries) raspberry production is very 
important for the agricultural sector (Wollbold 
& Behr, 2020). According to statistics, in the 
last 15 years the number of organic raspberry 
producers in Bulgaria and the interest in 
organically grown fruits has significantly 
increased (Bioregister, 2021). 
It is known that the organic fertilization system 
can influence and change the cane 
characteristics, productivity and berry quality, 
including the fruit aroma, of red raspberry 
(Xiu-yan, 2011; Stojanov et al., 2019; Estrada-
Beltran et al., 2020). However, the fertilization 
system could lead to changes in pest 
management practices (MacConnell et al., 
2001; Altieri & Nicholls, 2003; Barzman et al., 
2015) which has not yet been studied in detail. 
According to the results of earlier study by 
Tsolova and Koleva (2019), it was proved that 
fertilizing with organic fertilizers Humustim-
100, Haemosim bio N5 + Haemofol H4 and 

Biohumax® has a reductive effect on the 
survival of the Agrilus aurichalceus population 
and does not affect the population of the larval 
endoparasitoid Trastichus heeringi in the 
cultivars ′Willamette′ and ′Lyulin′. 
The raspberry cane midge, Resseliella 
theobaldi (Barnes, 1927) (Diptera: 
Cecidomyiidae) is a major pest of raspberry in 
Europe (Mitchell et al., 2018). By feeding and 
developing under the rind of canes, the larvae 
cause direct damage to the plants.  
Moreover, in the wounds, several fungal 
pathogens can occur, which together with the 
pest cause a syndrome known as midge blight 
(Pitcher & Webb, 1952). 
Control of R. theobaldi is difficult because 
larvae are protected under the epidermis of 
first-year canes (Nilsson, 2008). Effective 
insecticide treatments are appropriate against 
the first generation, at the peak of adult 
emergence, because adults of the further 
generations are on the wing during the 
flowering and harvest of raspberry (Sipos, 
2012). Timing of insecticides application and 
the population density are very important to 
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consider in raspberry cane midge management 
not only in the conventional, but also in organic 
production. 
The objective of this study was to evaluate the 
larvae density of R. theobaldi in different 
variants of organic fertilization and the effect of 
the application of botanical insecticides for 
control. 
 
MATERIALS AND METHODS  
 
This study was carried out during 2017-2019 at 
the Institute of Agriculture in Kyustendil (N 
42°81'68.18'', E 23°22'48.50''), Bulgaria. The 
organic raspberry plantation was established in 
2010 with ′Willamette′ and ′Lyulin′ cultivars. 
The research was conducted as part of a project 
entitled ‘Development of technology for 
organic raspberry production’, which includes 
research on the stem insect pests of raspberry 
(Rubus idaeus L.) in organic production of 
raspberries. The investigations of three 
intrastem pests: rose stem girdler (Agrilus 
aurichalceus Redtenbacher 1849) raspberry 
cane midge (R. theobaldi) raspberry gall midge 
(Lasioptera rubi (Schrank, 1803)) were 
performed according to a standardized 
methodology described by Tsolova & Koleva 
(2019). The meteorological characteristics of 
the study region based on the derived data since 
2015–2017 were mostly in line with previous 
studies, although an increase in rainfall was 
observed (Tsolova & Koleva, 2019). Also, 
during the research period no significant 
deviations from the meteorological conditions 
specific to the region were observed. Usually, 
the flowering period of cv. ′Willamette′ was 
over 20 days, and in the cv. ′Lyulin′ it was over 
60 days. The BBCH-scale was used to identify 
the phenological development stages of each 
cultivar. The experimental plants were grown 
by using authorized fertilizers and plant 
protection products according to Commission 
Regulation (EC) No 889/2008 of 5 September 
2008 laying down detailed rules for the 
implementation of Council Regulation (EC) No 
834/2007 on organic production and labelling 
of organic products regarding organic 
production, labelling and control. The liquid 
organic fertilizers Humustim-100, Haemosim 
bio N5, Haemofol H4 and Biohumax® were 
tested, applied three times by foliar treatment to 

the plants during inflorescence emergence 
(BBCH 51-57), the beginning of flowering 
(BBCH 60-61), and the formation of the 
development of fruit (BBCH 71-73), in 
following four fertilisation variants: V0 
(untreated); V1 (Humustim - 1 L ha-1); V2 
(Haemosim bio N5 - 5 L ha-1 + Haemofol H4 - 
4 L ha-1) and V3 (Biohumax® - 10 L ha-1). The 
rows in between were maintained by mowing 
and mulching. The experiment was arranged by 
block method with four variants and four 
replicates each. Drip irrigation was applied at 
80% evapotranspiration.  
The level of infestation by R. theobaldi was 
determined 1 time a month (from June to end of 
September). The test canes (10 canes in the 
case of each fertilisation variant and treatment) 
were collected by cutting to the soil surface and 
processed in laboratory conditions. The canes 
were cut lengthwise and all larvae were 
removed, divided into groups: live and 
parasitized.  
Under field conditions in cv. ′Willamette′, two 
treatments with botanical insecticides 
pyrethrum and azadirachtin were carried out: 
pyrethrum in three concentrations 0.05, 0.06, 
and 0.08% and azadirachtin in 0.25, 0.30 and 
0.35%; in four replications (4×5 m2), with an 
area of 20 m2 for each variant. The applications 
were targeted against the adults of the second 
generation. The timing of treatment was 
determined by standard pheromone white delta 
traps. The first treatment was carried out during 
the peak of flight activity, whereas the second 
after 7 days. The survival data on adult’s 
population were transformed into percent 
mortality by Abbott (1925) and Henderson and 
Tilton (1955). The results were statistically 
evaluated by dispersion analysis (ANOVA). 
 
RESULTS AND DISCUSSIONS  
 
The survival of the population of R. theobaldi 
larvae in cv. ′Willamette′ and cv. ′Lyulin′ 
during 2017-2019 and between fertilization 
variants is shown in Figure 1 and 2.  
The highest survival rate of larvae in cv. 
′Willamette was characterized in 2019 (84 
larvae/fertilization variant or 39.25% in variant 
Haemosim bio N5 + Haemofol H4/V2) and the 
lowest in 2017 (10 larvae/fertilisation variant or 
13.25% in variant with Humustim/V1).  
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In the parasitism by the larvae of Aprostocetus 
epicharmus (Hymenoptera: Eulophidae), the 
opposite trend was observed from total 11.68% 
(2019) to 21.15% (2017).  
Though the highest value of parasitism between 
variants 11 larvae/variant or 7.89% was 
reported for fertilization with Biohumax® (V3) 
during 2019. 
It is notable that during three years of the study 
the population of live larvae in the cultivar 
′Lyulin′ had the total highest values (99–
55.56%) when fertilized with Biohumax® 
(V3), while the total lowest values (2–1.04%) 
when fertilized with Humustim (V1) (Figure 2).  
During the three years of the study, the number 
of live larvae in the cultivar ′Lyulin′ was  
the highest in 2018 and the lowest in 2019 
(Figure 2). 
The infestation of the larvae of the raspberry 
cane midge by A. epicharmus was as follows: 
total 27.07% (2017); 24.94% (2018) and 
36.11% (2019). The carried out partial studies 
on the relationship of R. theobaldi to A. 
epicharmus showed that the obtained values of 
parasitism in the range of over 35% were 
sufficient to regulate and maintain the 
raspberry cane midge population under 
threshold of economic harm.  
The high rate of parasitism could lead to a 
reduction of the number of insecticide 
treatments during the growing season for the 
cultivar ′Willamette′, our data and observations 
were not enough to make even preliminary 
recommendations. Population monitoring show 
A. epicharmus have at least three generations 
for a year under average continental climatic 
conditions. The parasitoid conspicuously 
emerges in late May and can be characterized 
by the same number of generations as its host, 
the raspberry cane midge (Stoyanov, 1963). 
According to Vétek et al. (2006), the primocane 
splitting during the vegetation periods 
influenced the population dynamics of the host 
and the parasitoid. It also concerned the 
interrelationship between the raspberry cane 
midge and their parasitoid A. epicharmus. 
The statistical processing of the obtained data 
was performed by two-factor analysis of 
variance (ANOVA) for the effect of the impact 
of organic fertilizer variants on the R. theobaldi 
larvae in the cultivars ′Willamette′ and ′Lyulin′ 
in 2017-2019 (Tables 1, 2). 

Table 1. Two-factor dispersion analysis (ANOVA)  
of the effect of the fertilization variants on the density  
of R. theobaldi larvae in cv. ′Willamette′ in 2017-2019 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Fertilization 
200.9
167 3 

66.97
222 

2.833
137 

0.12851
6 4.757063 

Years 
112.1
667 2 

56.08
333 

2.372
503 

0.17411
4 5.143253 

Error 
141.8
333 6 

23.63
889    

Total 
454.9
167 11         

 
The two factors fertilization and research 
period had no influence on the number of R. 
theobaldi larvae in cultivar Willamette during 
2017–2019. The reported low population of 
raspberry cane midge probably depends on 
adult’s treatments and the degree of parasitism 
by the endoparasitoid A. epicharmus. 
 
Table 2. Two-factor dispersion analysis (ANOVA) of the 

effect of the fertilization variants on the density of R. 
theobaldi larvae in cultivar ′Lyulin′ in 2017-2019 

ANOVA       
Source of 
Variation SS df MS F P-value F crit 

Fertilization 
300.91
67 3 

100.30
56 

0.3811
89 

0.7705
34 

4.7570
63 

Years 
5181.1
67 2 

2590.5
83 

9.8449
28 

0.0127
4 

5.1432
53 

Error 
1578.8
33 6 

263.13
89    

Total 
7060.9
17 

1
1         

 
The research period also affected the larvae of 
R. theobaldi in the cultivar ′Lyulin′ during 
2017-2019. Differences between fertilization 
variants were significant between the years. 
There were no significant differences between 
the variants for a given year. Further research 
should be focused on examining the long-term 
effects of the use of tested organic fertilizers in 
direct relation to the biochemical parameters of 
the soil in organic raspberry production. 
Based on the data on density of R. theobaldi 
larvae, treatments with the biopesticides 
Pyrethrum FS EC® and NeemAzal® T/S were 
carried out in 2018 and 2019. The test results of 
botanical insecticides against adults of the 
second generation of raspberry cane midge in 
field conditions were characterized by low 
values, which ranged from 60.6% to 69.8%. 
Double treatment against second generation 
showed very good efficacy of Pyrethrum FS 
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EC® (0.05%), which ranged from 90.1% to 
90.8%. Similar results were obtained with 
NeemAzal® T/C, where the efficiency was in 
the range of 90.4-92.3% for the study years 
(Figure 3). Mohamedova (2017) also reports 
for lowest number of larvae in raspberry canes 
was observed after application of NeemAzal® 
T/C and B. subtilis in raspberry fields near 
Samokov, Bulgaria. Both products 
demonstrated highest efficacy, when the 

number of larvae per splits was 67.1-82.5% for 
NeemAzal® T/C, and 75.1-81.2% for  
B. subtilis lower compared with the control. 
The results show that the organic production of 
raspberry poses risks associated with the 
occurrence of certain biotic stress factors which 
could cause damage of the production. The 
control against cane midge is very important in 
the biological management of raspberry in 
many raspberry growing regions.  

 

 
Figure 1. Number of R. theobaldi larvae by different fertilization treatments in cultivar ′Willamette′ 

 

 
Figure 2. Number of R. theobaldi larvae by different fertilization treatments in cultivar ′Lyulin′ 
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Figure 3. Efficacy of botanical insecticides against R. theobaldi adults under field conditions in 2017-2019 

 
CONCLUSIONS  
 
The duration of fertilization with various orga-
nic fertilizers does not had a direct influence on 
over-wintering stock of R. theobaldi larvae in 
the cultivars ′Willamette′ and ′Lyulin′.  
A higher degree of parasitism from the 
endoparasitoid A. epicharmus was observed in 
the larvae of the cultivar ′Lyulin′ (36.11%) than 
in the cultivar ′Willamette′(21.05%). 
The double treatment against adults of the 
second-generation raspberry cane midge with 
Pyrethrum FS EC® - 0.05% and NeemAzal® 
T/S - 0.3% showed very good efficacy up to 
90.8% resp. 92.3%. 
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