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ABSTRACT

Intercropping, or the use of different aspects of the interaction between organisms in ecosystems, can be 
classified as an ecological method that limits harmful human interference in the environment, especially the 
consumption of chemicals. The impact of intercropping carrot with coriander Coriandrum sativum L. and 
summer savory Satureja hortensis L. on the occurrence of select carrot pests was estimated in the years  
2010-2011. Intercropping had a significant effect on the decrease of the number of roots damaged by carrot rust 
fly Psila rosae. During harvest, the least number of damaged roots was observed in combination with summer 
savory S. hortensis L. The number of carrot psyllid Trioza viridula Zett. and aphids on carrot leaves and roots 
damaged by nematodes was significantly lower on plots where carrot was intercropped. Intercropping both 
herbs had a positive influence on the number of beneficial insects. In all of the years of the study, the highest 
number of Coccinellidae and Syrphidae were observed on plots where carrot was intercropped with coriander.
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INTRODUCTION
Carrots have been grown for many years in 
different regions of Poland and have become  
a natural habitat for many phytophagous animals 
(Szwejda and Wrzodak 2007). Pest occurrence is 
a severe problem in vegetable cultivation. There is 
growing public concern about the non-target effects 
of pesticides on humans and other organisms, and 
many pests have evolved resistance to some of 
the most commonly-used pesticides. Monoculture 
farms do not provide the resources for natural 
enemies to provide natural control services (Rusch 
et al. 2010) and intensive cropping of carrot and 

indiscriminate use of pesticides are annihilating 
natural enemies. Together, these factors have led to 
increasing interest in non-chemical, ecologically-
sound ways to manage pests. One pest-management 
alternative is the diversification of agricultural fields 
by establishing “polycultures” (mixed cropping, 
intercropping, undersowing, etc.) that include one 
or more different crop varieties or species within 
the same field, to more-closely match the higher 
species richness typical of natural systems (Wiech 
and Kałmuk 2005, Jankowska et al. 2009, Wnuk 
and Wojciechowicz-Żytko 2010).
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Several studies have demonstrated that the 
diversification of the agroecosystem may reduce 
insect pest infestation using the strategy of 
companion planting. Intercropping, using different 
aspects of the interaction between organisms in 
ecosystems, may be classified as a pro-ecological 
method, limiting harmful human interference 
in the environment, especially the consumption 
of chemicals. Diversity in landscape structures 
influences ecosystem services provided by 
insects by supporting generalist predators and 
parasitoids (Altieri and Letourneau 1982, Hurej et 
al. 1998, Altieri 1999, Jankowska 2007, Wiech et 
al. 2009, Jankowska 2010, 2012). The association 
between intercropped components has become 
a point of interest for many researchers studying 
environmental resource management with respect 
to productivity and economic indicators (Neto et 
al. 2010). Foraging adults of phytophagous insects 
are attracted by host-plant volatiles and supposedly 
repelled by volatiles from non-host plants. The host-
plant-finding behaviour of insects may be disrupted 
by the close comparison of two plant species.  
In research on crop species diversification’s impact 
on the presence of 198 pest species, a decrease 
in their number was confirmed in 59% of cases 
(Risch et al. 1983). Andow (1991) analysed 209 
studies involving 287 pest species. Compared with 
monocultures, the population of pest insects was 
lower in 52% of them (149 species). The mutual 
tolerance of selected species and their beneficial 
impact on plant health are important in choosing the 
right partner for intercropping. Plants with aromatic 
qualities contain volatile oils that may interfere 
with host plant location, feeding, distribution and 
mating, resulting in decreased pest abundance 
(Finch et al. 2003, Lu et al. 2007). Therefore, the 
aim of the investigation was to determine the 
influence of intercropping carrot with Coriandrum 
sativum and Satureja hortensis on the occurrence 
of select carrot pests.

MATERIAL AND METHODS
The research was carried out on a farm situated in 
Jelcza (in 2010) and in the Experimental Station 
in Mydlniki (in 2011) near Krakow (Poland). The 
combinations of the experiment included three 
objects: a homogenous crop of carrot, carrot 
intercropped with coriander Coriandrum sativum 
L. and carrot intercropped with summer savory 
Satureja hortensis L. In the first year of the 
study, the late cultivar ‘Joba’, primarily used for 
processing, was sown, whereas in the second year 

the suitability of early cultivar ‘Amsterdamska’ for 
intercropping was tested.

For the experiment, 8.4 m2 plots (2.10 m long 
and 4 m wide) were prepared for each combination. 
Carrots and herbs were sown manually (on 24 
April in 2010 and 20 April in 2011) in rows spaced  
35 cm apart. On plots with intercropping, the herbs 
were planted in the extreme rows. The plants were 
thinned to regulate their density in the rows in 
mid-July. No chemical treatments were applied to 
the plots and weeds were removed mechanically. 
Carrot plants in each plot from three 40 cm sections 
(three replications) from the middle rows were 
inspected every week, and pests (carrot psyllid 
Trioza viridula Zett., Lygus sp., aphids) feeding 
on the aboveground parts of carrot were counted. 
The larvae and pupae of Syrphidae and the larvae 
and beetles of Coccinellidae were counted as well 
for all of the plants on the plots. The percentage of 
plants damaged by the carrot rust fly Psila rosae 
(F), root aphids Pemphigus phenax B&B, haworth 
carrot aphid Dysaphis crataegi Kalt and nematodes 
was assessed once in July (during the thinning of 
carrot) and after harvest on the roots. The roots were 
harvested on 10 September 2010 and 22 September 
2011. The Duncan multiple test (p = 0.05) was used 
for the statistical analysis of the results.

RESULTS AND DISCUSSION
A significant difference in damage between the 
control and the intercrop treatments was found 
in all of the years of the study. Three species of 
aphids were found on the leaves: willow carrot 
aphid Cavariella aegopodii (Scop.), Semiaphis 
dauci (Fabr.) and the bean aphid Aphis fabae L.  
The identification of aphids can be found in 
Cichocka (1999). The most numerous were  
S. dauci in 2010 and C. aegopodi in 2011. Clear 
differences were noted from the beginning of aphid 
population development. A significantly higher 
number of aphids was recorded on the plot where 
carrot was sown as a homogenous crop (Tabs 1, 2). 
Several factors determine searching and choosing 
a host plant by insects. Finding a host plant may 
be more difficult when it grows between non-host 
plants. Finch and Collier (2000) have discussed 
how both chemical and visual stimuli affect the 
behaviour of insects during the period prior to 
accepting a plant as a suitable host (theory based on 
“appropriate / inappropriate landings”). Tukahirwa 
and Coaker (1982) point out the role of the visual 
factor in finding  a host plant. They claim that in  
a homogenous crop the soil of the intercrop 
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Table 1. The influence of intercropping on the occurrence of select pests on carrot in 2010

Pests

Type of cultivation

Carrot
(homogenous crop)

Carrot with
Coriandrum sativum 

(intercropping)

Carrot with
Satureja hortensis 

(intercropping)
No of pests on leaves per 40 cm

Carrot psyllid Trioza viridula
–– larvae
–– adults

1.85 b*
0.85 b

0.0 a
0.0 a

0.0 a
0.0 a

Aphids 0.52 b 0.30 a 0.26 a
Lygus sp. 1.03 b 0.33 a 1.23 b
Auchenorrhyncha 0.55 b 0.22 a 0.29 a

Roots infested by pests (%)
Carrot rust fly (CRF) Psilla rosae
15 July
10 September

8.0 b
44.0 b

0.0 a
1.09 a

0.0 a
11.0 a

Nematodes
15 July
10 September

-
3.7 b

-
1.5 a

-
1.5 a

Root aphid Pemphigus phenax
15 July
10 September

-
23.0 b

-
16.0 ab

-
11.0 a

Hawthorn carrot aphid 
Dysaphis crataegi - - -

*Means followed by the same letter within rows are not significantly different (p = 0.05)

Table 2. The influence of intercropping on the occurrence of select pests on carrot in 2011

Pests

Type of cultivation

Carrot
(homogenous crop)

Carrot with
Coriandrum sativum 

(intercropping)

Carrot with
Satureja hortensis 

(intercropping)
No of pests on leaves per 40 cm

Carrot psyllid Trioza viridula
–– larvae
–– adults

2.3 b*
1.2 b

0.0 a
0.1 a

0.2 a
0.0 a

Aphids 1.4 b 0.6 a 0.7 a
Lygus sp. 1.2 b 0.5 ab 0.9 b
Auchenorrhyncha 0.5 b 0.1 a 0.3 ab

Roots infested by pests (%)
Carrot rust fly (CRF) Psilla rosae
14 July
28 September

0.5 b
6.0 b

0.0 a
2.0 a

0.0 a
1.2 a

Nematodes
14 July
28 September

-
20.0 c

-
14.0 bc

-
5.7 a

Root aphid Pemphigus phenax
14 July
28 September

-
1.4 b

-
0.2 a

-
0.3 a

Hawthorn carrot aphid
Dysaphis crataegi 12.3 b 4.2 a 5.3 a

*Explanations: see Table 1

contrasts with the host plant, which makes it more 
visible and attractive for the aphids flying in.

Larvae and adults of carrot psyllid Trioza 
viridula Zett. (syn. T. apicalis Först.) were noted 

on carrot leaves as well. These species cause 
significant economic losses in Poland (Łuczak 
2007, Szwejda and Wrzodak 2007). In both years 
of observation, the number of larvae and adults 
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of carrot psyllid on carrot plants grown on plots 
with a homogenous crop was significantly higher 
compared with the intercropped carrot (Tabs  
1, 2). In 2010, the plants intercropped with coriander 
and summer savory were free from psyllids until 
the end of the season (Tab. 1). The intercropping 
of carrots with garden beans (Luik et al. 2000) 
and with Tagetes and Calendula (Jankowska et al. 
2012) significantly disoriented pests and decreased 
the damage of carrots by Trioza viridula and Psila 
rosae. Adults of Auchenorrhyncha and Lygus sp. 
were noted on carrot leaves. There was no positive 
impact of intercropping on the occurrence of these 
insects (Tabs 1, 2). These are highly polyphagous 
and mobile pests, and they can exploit various 
field crops and weed hosts for their population 
development and maintenance.

During the study, carrot roots were infested by 
carrot rust fly (CRF) Psila rosae (F.), root aphid 
Pemphigus phenax B&B, hawthorn carrot aphid 
Dysaphis crataegi Kalt. (only in 2011) and nematodes. 
The carrot rust fly (CRF) Psila rosae (F.) is a very 
important pest in the temperate regions of the world. 
It is an oligophagous pest insect whose larvae feed 
on the roots of a wide range of cultivated (more than  
a 100 plant species exclusively belonging to the 
family Apiaceae e.g., carrot, celeriac, and parsley) 
and wild umbelliferous species (Ellis et al. 1993). 
The female flies perform exploratory runs over the 
leaves of potential host plants and, when stimulated, 
move down the stem axis to deposit eggs in the soil 
near the plant's base. Olfactory stimuli from the carrot 
plant seems to be most important in the pest’s initial 
orientation to the host. CRF and other carrot pests 
are attracted to chlorogenic acid (Cole 1985, Cole et 
al. 1988). Semiochemicals (e.g. propenylbenzenes, 

furanocoumarins, polyacetylenes) in the surface 
wax of carrot leaves have been shown to stimulate 
CRF oviposition (Degen et al. 1999a, b). Therefore, 
even the attractiveness of carrot cultivars for pests 
varies (Michalik and Wiech 2000, Łuczak 2007). 
In all of the years of research, the percentage of 
roots damaged by carrot rust fly was significantly 
higher in the control plot (homogenous crop).  
A smaller number of damaged crops was recorded on 
plots where carrot was intercropped with summery 
savory (Tabs 1, 2). The host-plant finding behaviour 
of insects may be disrupted by the close comparison 
of two plant species. Intercropping seems to have  
a large effect on insects that oviposition in the soil, 
such as the carrot fly (Rämert and Ekbom 1996, 
Rämert 1996). The proximity of plants that are 
non-hosts may mask the scent of host plants, which 
hampers their finding.

Many authors have noted that intercropping 
carrots with a cover crop has been found to 
effectively reduce attack by the carrot fly and 
carrot damage (Uwah and Coaker 1984, Rämert 
1993, Rämert and Ekbom 1996, Luik et al. 2000, 
Theunissen and Schelling 2000, Jankowska et al. 
2012). In all of the years of research, the percentage 
of roots damaged by root aphid Pemphigus phenax 
B&B was higher in the control plot (homogenous 
crop) (Tabs 1, 2), but in 2010 this difference was 
significant only in relation to intercropping with  
S. hortensis (Tabs 1, 2). A significantly highest 
number of roots infested by hawthorn carrot aphid 
Dysaphis crataegi (in 2011) was recorded in plots 
with carrot sown as a homogenous crop (Tabs 1, 2). 
A distortion of root structure, a typical nematode 
damage symptom, was observed in 2010 and 
2011. Carrots affected by nematodes often exhibit 

Table 3. Occurrence of select beneficial insects on carrot according to the type of cultivation (2010-2011)

Pests

Type of cultivation

Carrot
(homogenous crop)

Carrot with 
Coriandrum sativum 

(intercropping)

Carrot with
Satureja hortensis 

(intercropping)
No of pests on leaves per 40 cm

2010

Coccinellidae
–– larvae
–– adults
–– total

0.28*
0.30
0.58 a

0.44
0.48
0.92 c

0.30
0.41
0.71 b

Syrphidae (larvae and pupae) 0.22 a 0.33 b 0.33 b

2011

Coccinellidae
–– larvae
–– adults
–– total

0.16
0.30
0.46 a

0.56
1.03
1.59 c

0.33
0.63
0.96 b

Syrphidae (larvae and pupae) 0.38 a 1.13 c 0.91 b

*Explanations: see Table 1
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a forking of the taproot, stubbing of the roots, 
and unsightly galls on the taproot and secondary 
roots. A significantly highest number of damaged 
roots was recorded on plots with carrot sown as  
a homogenous crop. A smaller number of damaged 
roots was recorded on plots with carrot intercropped 
with summer savory in 2011 (Tabs 1, 2).

During the research, a seven-spotted lady beetle 
(Coccinella septempunctata L.), two-spotted lady 
beetles (Adalia bipunctata L.), the multi-coloured 
Asian lady beetle (Harmonia axyridis Pall.) and 
Syrphidae were observed. The most numerous 
species from Coccinellidae was C. septempunctata. 
Ladybird larvae and beetles (Lipok 1993) and 
syrphid larvae are often effective in destroying 
aphids. In all of the study years, the number of 
beneficial insects was highest on plots where carrot 
was intercropped with coriander (Tab. 3). The use 
of plants to provide nectar and pollen resources 
to natural enemies through habitat management 
is a growing focus of conservation biological 
control. Plants used for intercropping with carrot 
were attractive for insects including Syrphidae. 
A lot of hoverflies were especially observed on 
coriander flowers. The increasing number of useful 
organisms in diverse agroecosystems has also been 
highlighted by Root (1973). Diversity in landscape 
structures influences ecosystem services provided 
by insects by supporting generalist predators and 
parasitoids (Altieri and Letourneau 1982, Hurej et 
al. 1998, Altieri 1999, Jankowska 2007, Wiech et al. 
2009, Jankowska 2010, 2012).

CONCLUSIONS
1.	 Intercropping had a significant effect on the 

decrease in the number of roots damaged by 
carrot rust fly Psila rosae. During harvest the 
least number of damaged roots were observed in 
combination with summer savory S. hortensis L.

2.	 The number of carrot psyllid T. viridula Zett. 
and aphids on carrot leaves and roots damaged 
by nematodes was significantly lower on plots 
where carrot was intercropped. 

3.	 Intercropping both herbs positively influenced 
the number of beneficial insects. In all years the 
highest number of Coccinellidae and Syrphidae 
was observed on plots where carrot was 
intercropped with coriander.
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