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SuMMARY

The efficacy of different methods for controlling populations of green apple aphid 
(Aphis pomi De Geer) in organic apple orchard was compared over three consecutive years. 
The following three control methods were tested: a) predator activity (Coccinela septem-
punctata), b) predator activity (C. septempunctata) + selective spraying of trees with infesta-
tion level exceeding 10% with a botanical insecticide (NeemAzal T/S), and c) predator activ-
ity (C. septempunctata) + total spraying of all orchard trees with the botanical insecticide 
(NeemAzal T/S). In terms of maintaining a biological balance within an orchard, the combi-
nation of natural regulation by C. septempunctata and selective spraying of individual trees 
with NeemAzal T/S proved to be the most efficient method.
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INTRoduCTIoN

The green apple aphid, Aphis pomi De Geer 
(Homoptera: Aphididae) is a holocyclic and monoe-
cious aphid species that is widespread in the north-
ern hemisphere, particularly in the Western Palaearc-
tic region. It is one of the most important pests in Ser-
bian apple orchards with infestation occurring regu-
larly each year both on globally popular and local ap-
ple cultivars. The species is especially harmful in nurs-
eries and young orchards and it characteristically re-in-
fests apple trees over the May-June period (Haley and 
Hogue, 1990; Kaakeh et al., 1993; Milenković, 2002; 

van Emden and Harrington, 2007). A common strat-
egy to control A. pomi in conventional apple orchards 
in Serbia is based on one or more applications of syn-
thetic insecticides (Milenković, 2002; Stamenković et 
al., 2007; Tamaš et al., 2012). 

Preventive practices, both mechanized and oth-
er physical measures, make the first choice in con-
trolling harmful organisms in organic agriculture. 
An active ingredient permitted under the EC direc-
tive 889/2008, Anex II, may be applied only in case 
of necessity when such choice is fully justified and 
on condition of its consistency with relevant domes-
tic legislation. Several insecticides of biological and 
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mineral origin have been approved for use in arthro-
pod pest management programmes in organic crops. 
Azadirachtin has an important place among them as 
the main active ingredient of extracts, oils and other 
products derived from seeds of Azadirachta indica, 
the Indian neem tree (Milenković et al., 2005; Cop-
ping and Duke, 2007; Zehnder et al., 2007; Anony-
mous, 2011). Azadirachtin and/or other neem prod-
ucts have proved to be effective in controlling aphids 
on various host plants, including apples (Lowery et 
al., 1993; Kienzle et al., 1997; Karagounis et al., 
2006; Milenković and Tanasković, 2010; Raudonis 
et al., 2009). 

On the other hand, application of wide-spectrum 
bioinsecticides upsets natural biodiversity and affects 
population abundance of predators, which has a re-
verse negative effect on production sustainability and 
inevitability of repeated treatments (Fitzgerald, 2004; 
Jansen et al., 2010). The present study aimed to in-
vestigate the possibility of effective control of A. po-
mi on apple trees in organic production by minimal 
treatment with a bioinsecticide product in combina-
tion with the activity of an autochthonous predator 
population.

MATERIAL ANd METHodS

The trial was conducted in an organic orchard of 
the autochthonous Kožara apple cultivar (rootstock 
M26), set up in 2004 and having 4 × 2.5 m row dis-
tance, and the trial had three replications on plots of 70 
apple trees over three consecutive years (2008-2010). 
The orchard is located at 235 m altitude at Mršinci, 
Čačak, Serbia. It tested three control methods: 1) PR 
= an autochthonous population of the predator sev-
en-spot ladybird (Coccinella septempunctata) as a reg-
ulator of aphid abundance on apple trees; 2) PR+S = 
the same autochthonous predator population + treat-
ment of individual trees with the botanical insecticide 
(selective treatment); 3) PR+T = autochthonous pred-
ator population + treatment of all trees with the bo-
tanical insecticide (total treatment). The population 
density of green apple aphid (A. pomi) was assessed on 
all plots by inspecting 5 marked shoots per tree on 10 
trees per replicate at 15-days intervals over the period 
April 30-June 30. 

The apple trees were treated with 0.1% concen-
tration of the botanical insecticide NeemAzal T/S 
(a.i. azadirachtin 1%, Trifolio-M GmbH, Germany).  

The bioinsecticide was applied by a motorized Stihl 
knapsack sprayer, using a spray volume of 1 litre per 
tree. On the PR+S plots, only trees with more than 
10% infested shoots were treated after inspection of 
10 shoots per tree. The number of treated trees was 
3-6. On the PR+T plots, all trees were treated with 
the bioinsecticide. In 2008 and 2010, the treatments 
were conducted on May 30, and in 2009 on May 15. 

The number of aphids per plot was subjected to 
ANOVA and the means were separated by Duncan’s 
test (α = 0.05). The data were transformed by √x be-
fore analysis. 

The relative abundance of aphids was calculated as 
follows:

R % = (Ae/At) × 100

where At is the mean number of aphids per plot at the 
time of spraying, and Ae is the mean number of aphids 
per plot at the end of trial. The percents were subjected 
to ANOVA and the means were separated by Duncan’s 
test (α = 0.05). The data were transformed by arcsin√x 
before analysis. 

RESuLTS ANd dISCuSSIoN

Tables 1-3 show changes in population density of 
A. pomi in the experimental apple orchard over three 
consecutive seasons. Treatments with azadirachtin 
in the first two seasons were conducted at the time 
when population density was not significantly differ-
ent among the three trial variants, while population 
density in the PR plots during the third season was 
significantly higher at treatment time than it was in 
the other two variants. Fifteen days after treatment, 
the efficacy was 78-90% in the PR+T plots, and 69-
83% in PR+S plots, depending on season. At the same 
time, predator activity reduced the population densi-
ty of aphids in the PR plots by 58% (first season) and 
26% (third season), while density increased 26% in the 
second season. At the end of our trial and the three 
seasons, population density of A. pomi in the PR plots 
was significantly higher than it was in the PR+S plots, 
and the PR+T plots in the second and third seasons. 
The difference between the PR+S and PR+T plots at 
the end of the first and second seasons was not statis-
tically significant, while population density of A. po-
mi in the third season was significantly lower in the 
PR+S plots.
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Table 1.  Population densities of A. pomi on apple trees 
in 2008 [mean number of aphids per shoot (± SE),  
5 shoots/tree, 10 trees/plot]

Control  
methods

30/04 15/05 30/05* 15/06 30/06

PR
26.0 a
(± SE)

35.0 a
(± SE)

57.7 a
(± SE)

24.0 a
(± SE)

20.7 a
(± SE)

PR+S
28.0 a
(± SE)

41.3 a
(± SE)

65.0 a
(± SE)

17.3 a
(± SE)

6.7 b
(± SE)

PR+T
34.7 a
(± SE)

48.3 a
(± SE)

79.3 a
(± SE)

7.7 b
(± SE)

11.7 ab
(± SE)

The means within a column followed by the same letter  
are not significantly different (Duncan test, α = 0.05)

PR = Predator activity;
PR+S = Predator activity + Selective treatment
PR+T = Predator activity + Total treatment

* Date of treatment with NeemAzal T/S (PR+S, PR+T)

Table 2.  Population densities of A. pomi on apple trees 
in 2009 [mean number of aphids per shoot (± SE), 
5 shoots/tree, 10 trees/plot] 

Control  
methods

30/04 15/05* 30/05 15/06 30/06

PR
49.0 a
(± SE)

85.7 a
(± SE)

108.3 a
(± SE)

65.0 a
(± SE)

36.3 a
(± SE)

PR+S
44.7 a
(± SE)

91.0 a
(± SE)

28.3 b
(± SE)

17.7 b
(± SE)

12.0 b
(± SE)

PR+T
30.0 a
(± SE)

85.6 a
(± SE)

10.3 c
(± SE)

15.3 b
(± SE)

17.7 b
(± SE)

The means within a column followed by the same letter  
are not significantly different (Duncan test, α = 0.05)

PR = Predator activity;
PR+S = Predator activity + Selective treatment
PR+T = Predator activity + Total treatment

* Date of treatment with NeemAzal T/S (PR+S, PR+T)

Table 3.  Population densities of A. pomi on apple trees 
in 2010 [mean number of aphids per shoot (± SE),  
5 shoots/tree, 10 trees/plot]

Control  
methods

30/04 15/05 30/05* 15/06 30/06

PR
39.7 a
(± SE)

64.7 a
(± SE)

129.7 a
(± SE)

95.3 a
(± SE)

33.7 a
(± SE)

PR+S
22.3 b
(± SE)

35.5 b
(± SE)

66.7 b
(± SE)

11.3 b
(± SE)

7.3 c
(± SE)

PR+T
43.3 a
(± SE)

66.0 a
(± SE)

93.7 b
(± SE)

20.7 b
(± SE)

14.0 b
(± SE)

The means within a column followed by the same letter  
are not significantly different (Duncan test, α = 0.05)

PR = Predator activity;
PR+S = Predator activity + Selective treatment
PR+T = Predator activity + Total treatment

* Date of treatment with NeemAzal T/S (PR+S, PR+T)

Figure 1 shows the relative abundance of green apple 
aphids at the end of the trial, compared to their abun-
dance at the time of treatment. In all three seasons, rel-
ative abundance in the PR plots was significantly higher 
statistically than it was in the other two treatment vari-
ants, which showed no significant mutual difference in 
the first and third seasons. In the second season, the rel-
ative abundance of A. pomi in the PR+S plots was sig-
nificantly lower than in the PR+T plots.

Comparing the PR+S and PR+T plots, we found the 
selective azadirachtin treatment to be equally good or 
even more effective than total treatment when popula-
tion abundance of the predator species was insufficient 
to reduce prey abundance significantly. The period of 
conversion from conventional to organic fruit produc-
tion is three years and it serves also to establish a dynam-
ic balance between predators and prey by applying pre-
ventive control measures. The most important preven-
tive measure aimed at reducing plant aphid populations 
is the preservation of their natural enemies (ladybirds, 
green lacewings, hoverflies, etc.) by installing shelters 
for them and forming corridors of flowering plants in-
side and around orchards (Fitzgerald, 2004; Milenković, 
2010; Milenković et al., 2010). Biopesticides are applied 
only when preventive measures have proved insufficient. 
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Azadirachtin and other neem-derived insecticides are re-
garded as generally compatible with insect natural enemy 
conservation. However, azadirachtin causes various tox-
ic and/or harmful sublethal effects on Coccinellidae spe-
cies (Banken and Stark, 1997, 1998; Bernardo and Vig-
giani, 2002). In view of a risk of harming predator popu-
lations, bioinsecticide use needs to be restricted to a nec-
essary minimum. Another important aspect of organic 
farming-compatible biopesticides is their cost effective-
ness. As the required amount of bioinsecticide was up to 
90% lower in the selective treatment than in total treat-
ment, while the same or better effect was achieved in the 
former, selective treatment was found to be the more ef-
fective control measure both from the aspects of economy 
of organic production and protection of agro-ecosystem.
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Figure 1.  Relative abundance of A. pomi (Ms ± SE) at the end of the trials (PR = predator activity (Coccinela septempunctata); 
PR + b = predator activity (C. septempunctata) + selective treatment with NeemAzal T/S; PR + B = predator activity 
(C. septempunctata) + total treatment with NeemAzal T/S)

The means followed by the same letter are not significantly different (Duncan test, α = 0.05)
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Suzbijanje zelene vaši jabuke 
(Aphis pomi De Geer) 
u organskoj proizvodnji

REzIME

Upoređivana je efikasnost različitih metoda suzbijanja populacija zelene vaši jabuke (Ap-
his pomi De Geer) u organskom zasadu jabuka tokom tri godine. Ispitane su tri metode suz-
bijanja: a) aktivnost predatora (Coccinela septempunctata), b) aktivnost predatora (C. septem-
punctata) + selektovno prskanje stabala sa preko 10% zaraženosti botaničkim insekticidom 
(NeemAzal T/S) i c) aktivnost predatora (C. septempunctata) + prskanje svih stabala u voćnja-
ku botaničkim insekticidom (NeemAzal T/S). Sa stanovišta održavanja biološke ravnoteže u 
voćnjaku, najefikasniji metod predstavljala je kombinacija prirodne regulacije putem vrste 
C. septempunctata i selektivnog prskanja pojedinačnih stabala preparatom NeemAzal T/S.

Ključne reči: Azadirahtin; Coccinella septempunctata; organska poljoprivreda; botanički in-
sekticid; prskanje; predatori; jabuka; Aphis pomi


