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THE EFFECT OF BIOLOGICAL CONTROL

OF THE CARROT FLY (Psila rosae) ON THE YIELD
AND QUALITY OF CARROT (Daucus carota L.)
STORAGE ROOTS

Brygida Wierzbicka, Joanna Majkowska-Gadomska
University of Warmia and Mazury in Olsztyn

Abstract. Non-chemical methods of agrophage control have gained increasing popularity
recently, and particular attention has been paid to enhancing biodiversity in agrocenoses. Inter-
cropping, i.e. growing of two or more crops (onions, carrots, dill, beans, Lacy phacelia, mus-
tard) simultaneously in the same field, reduces pest infestations. The rationale behind inter-
cropping is that different crops planted together act as attractants for beneficial insects (hover-
flies, ladybirds) and effectively disorientate the pests (aphids, carrot flies) which are then un-
able to find host plants. This study was conducted in the Experimental Garden of the University
of Warmia and Mazury in Olsztyn, in the growing seasons of 2009-2010. The experiment was
established on brown soil of quality class IV b, and ridges were prepared in line with the gener-
ally observed standards of organic farming. The first experimental factor were six carrot
cultivars differing with respect to the growth and development period: ‘Deep Purple F,’,
‘Florida F;’, ‘Interceptor F;’, ‘Joba’, ‘Kazan F,” and ‘Purple Haze F,’. The second experimen-
tal factor were three methods of carrot fly biocontrol, compared in the following treatments:
control — unprotected plants, the application of the biocontrol agent Bioczos BR containing
paraffin-coated garlic pulp (10 g cubes), carrots intercropped with dill cv. ‘Szmaragd’ and car-
rots intercropped with Welsh onions cv. ‘Parade’. Carrot-dill and carrot-Welsh onion inter-
cropping effectively reduced damage to carrot roots caused by carrot fly larvae. The applied
biological control methods had a significant effect on carrot yield. The application of Bioczos
BR and carrot-Welsh onion intercropping had a beneficial influence on the total and market-
able yield of carrot storage roots. Carrot-dill intercropping resulted in a significant yield de-
crease. The content of dry matter, total sugars and L-ascorbic acid in carrot roots was affected
by the cultivar and the cultivar x biocontrol method interaction. Higher concentrations of dry
matter and L-ascorbic acid were noted in carrot cultivars with purple-colored roots, ‘Deep Pur-
ple F;’ and ‘Purple Haze F,’. The average nitrate content of carrot storage roots did not exceed
the maximum permissible levels set out in the Regulation of the Minister of Health.
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INTRODUCTION

The carrot fly (Psila rosae) belongs to the most dangerous pests attacking carrots.
The larvae of the carrot fly feed on the outer layer of the carrot root, thus considerably
affecting the crop of carrots. In organic farming, intercropping of vegetable plants,
which act as barriers and replace insecticides, helps to limit outbreaks of crop pests. The
results of previous studies show that carrot-onion intercropping significantly reduces
attacks by the onion fly on onions and by the carrot fly on carrots, but it does not protect
the plants completely against infestation by the above pests [Uvah and Coaker 1984,
Varis 1991, Finch 1993, Wiech and Jelen 1995].

Biodiversity may contribute to maintaining soil fertility and protecting crops against
pests and diseases [Szafirowska and Klosowski 2008]. Interactions between different
plant species were first observed in ancient times. The biological phenomenon of allelo-
pathy is today studied as part of chemical ecology which focuses on the effects of bio-
chemicals produced by plants and microorganisms that influence the growth, survival,
and reproduction of other species in natural ecosystems and plant communities [Einhel-
lig 1995, Jezierska-Domaradzka and Kuzniewski 2007].

Studies conducted in the United Kingdom have demonstrated that insects find it eas-
ier to locate their host plants grown in monoculture [Finch and Collier 2003]. Organic
control of the carrot fly relies on alternative biological methods, including intercropping
(or mixed cropping) strategies. In the intercropping system, insects need more time to
search for their host plants, and they stay longer on companion plants.

The aim of this experiment was to determine the effectiveness of three biocontrol
methods applied to protect carrots against the carrot fly, and to estimate their influence
on the yield and quality of carrot storage roots.

MATERIALS AND METHODS

A two-factor field experiment was carried out in the Experimental Garden of the
University of Warmia and Mazury in Olsztyn, in the growing seasons of 2009-2010, on
brown soil of quality class IV b, in the third year after manure application. Carrots were
grown after cruciferous vegetables. In the spring, soil mineral deficiencies were sup-
plemented to the following levels: N — 100 mg-dm~, P — 70 mg-dm~, K — 200 mg-dm™,
and ridges (height — 25 cm, width — 25 cm) were formed, with two rows 8 cm apart. The
distance between neighboring rows was 67 cm.

The experiment was performed in a randomized block design, in three replications.
The first experimental factor were six carrot (Daucus carota L.) cultivars differing with
respect to the growth and development period: ‘Deep Purple F,’, ‘Florida F,’, ‘Intercep-
tor F,’, ‘Joba’, ‘Kazan F,” and ‘Purple Haze F,’. The second experimental factor in-
volved an analysis of the effect of three methods of carrot fly (Psila rosae) biocontrol
on the yield and quality of carrot storage roots. The following treatments were applied:

1. carrots grown in monoculture (two rows, 8 cm apart),

2. carrots grown in monoculture (two rows, 8 cm apart), protected with Bioczos BR
(currently sold under the trade name “Himal garlic cubes”) at a dose of 50 g-dm™ per

Acta Sci. Pol.



The effect of biological control of the carrot fly (Psila rosae) on the yield... 31

10 m?%, applied during the invasion of first- and second-generation carrot flies, at inter-
vals determined based on the number of carrot flies caught on yellow sticky traps,

3. carrots intercropped with dill (Antheum graveolens L.) (one row of carrots and
one row of dill, 8 cm apart),

4. carrots intercropped with Welsh onions (4//ium fistulosum L.) (one row of carrots
and one row of Welsh onion sets, 8 cm apart).

In monoculture, 25 carrot plants were grown per running meter of each row
(50 plants per running meter of each ridge, in two rows). When carrots were inter-
cropped with dill cv. ‘Szmaragd’, 25 carrot plants were grown per running meter of
each ridge, in one row, and 20 dill plants were grown in the other row, 8§ cm apart.
When carrots were intercropped with Welsh onions cv. ‘Parade’, 25 carrot plants were
grown per running meter of each ridge, in one row, and 10 onion sets (at the two- or
three-leaf stage) were planted in the other row, 8 cm apart. During carrot emergence,
two yellow sticky carrot fly traps measuring 24 x 17 cm were placed in each plot. The
traps were collected and replaced every 7 days.

Carrot and dill seeds were sown 2 cm deep, on 8 May in each year of the study. First
seedlings emerged towards the end of May. Cultivation practices were applied over the
growing season, including hand weeding performed three times (28-30 May, mid-June,
the first week of July).

Early and late carrot varieties were harvested in the first week of September and to-
wards the end of October, respectively. After harvest, 100 carrot roots were collected
from each treatment to determine the percentage of roots infested by the carrot fly (Psila
rosae). In order to compare carrot yielding levels in experimental treatments, the total
and marketable yield of carrot storage roots was determined according to the Commis-
sion Regulation (EC) No. 730/1999 laying down the marketing standards for carrots
[Marchew. Wymagania...]. The marketable yield consisted of healthy (not forked)
carrot roots with a diameter of 2.5 to 6 cm.

Fifteen roots sampled from the marketable yield in each treatment were subjected to
chemical analyses to determine the content of: dry matter — by drying the collected plant
material at 105°C to constant weight [PN-90/A-75101/03], L-ascorbic acid — by the
Tillmans' method modified by Pijanowski [PN-90A-75101/11], total sugars — by the
method proposed by Luff-Schoorl [PN-90/A-75101/07], nitrates — colorimetrically,
using salicylic acid [Krauze and Domska 1991].

The obtained results were processed statistically by an analysis of variance
(ANOVA). The significance of differences between means was evaluated with the use
of Tukey's test at o. = 0.05.

RESULTS AND DISCUSSION

Research findings show that carrot fly infestation can be effectively reduced by car-
rot-Welsh onion and carrot-dill intercropping (tab. 1). The highest pest infestation levels
were noted in the control treatment (monoculture), where damaged roots accounted for
14.6% on average, compared with 3.3% in the Bioczos BR treatment and 0% in the
carrot-dill intercropping treatment. The above results were validated statistically. Ac-
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cording to Legutowska and Plaskota [1986], carrot fly populations can be reduced when
carrots are grown with dill as a companion plant because carrot flies invades tall-
growing herbaceous plants which provide shelter from wind, rain and high temperatures
as well as food sources, including pollen and honeydew. As demonstrated by Aliteri and
Doll [1978], dill acts as a physical barrier to flying insects, but it also serves as a host
plant for the larvae of some beneficial insects, while its aroma deters other insects. The
beneficial influence of onions includes the secretion of specific allelopathic compounds
[Kaczmarek 2009].

Table 1. The effect of cultivar and methods of protection plant on the infestation of carrot roots
(means of 2009-2010)

Tabela 1. Wptyw odmiany i metody ochrony roslin na porazenie korzeni spichrzowych marchwi
przez larwy poty$nicy marchwianki (§rednio z lat 2009-2010)

% Infested roots
% porazenych korzeni

Cultivar — Odmiana ,Mear}

control Bioczos BR dill onions Srednio
kontrola koper cebula

Deep Purple F, 23.0 10.0 0.0 0.0 8.2

Florida F, 10.0 0.0 0.0 0.0 2.5

Interceptor F, 20.0 5.0 0.0 0.0 6.2

Joba 10.0 0.0 0.0 0.0 2.5

Kazan F, 5.0 0.0 0.0 0.0 1.2

Purple Haze F, 20.0 5.0 0.0 0.0 6.2

Srednio — Mean 14.6 33 0.0 0.0 -

LSDq-0.05 = NIR¢ =005

Cultivar — Odmiana (a) n.s.

Crop protection method — Metoda ochrony (b) 26

Interaction — Wspotdziatanie (a x b) 1.0

Non-chemical methods of agrophage control have gained increasing popularity re-
cently, and particular attention has been paid to enhancing biodiversity in agrocenoses.
Intercropping, i.e. growing of two or more crops (onions, carrots, dill, beans, Lacy pha-
celia, mustard) simultaneously in the same field, reduces pest infestations. The rationale
behind intercropping is that different crops planted together act as attractants for benefi-
cial insects (hoverflies, ladybirds) and effectively disorientate the pests (aphids, carrot
flies) which are then unable to find host plants [Jankowska et al. 2009, Wiech et al.
2009].

The total and marketable yield is a key criterion used to evaluate the effectiveness of
different crop protection methods (tab. 2). The highest total and marketable yield of
carrot storage roots was obtained in the Bioczos BR treatment, followed by the carrot-
onion intercropping treatment. The highest yield variation was noted in the carrot-dill
intercropping treatment. This resulted from the height difference between carrot and dill
plants, which competed for nutrients, light and water, leading to a decrease in carrot
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yield. The optimal solution was growing carrots with Welsh onion sets, since there was
no competition for nutrients, light and water between carrot and onion plants. As a re-
sult, carrots intercropped with onions produced yield comparable with that obtained in
the Bioczos BR treatment. The analyzed experimental factors were found to be statisti-
cally significant.

In another experiment, Bioczos BR had a positive impact on strawberry yield. Prod-
ucts containing garlic extracts are known to effectively suppress the growth of fungi and
other phytopathogenic microorganisms [Orlikowski et al. 2002, Marjanska-Cihon and
Sapieha-Waszkiewicz 2010], and to reduce pest populations [Rogowska 2003].

The chemical composition of carrot roots is a varietal feature, and it varies widely in
response to changing habitat conditions [Gajewski et al. 2007]. In our experiment, there
was a significant correlation between the dry matter content of carrot roots and cultivar.
The dry matter content of the edible parts of carrots was comparable with that noted by
Los-Kuczera [1990], Wierzbicka et al. [2004], Majkowska-Gadomska and Wierzbicka
[2010], and it ranged from 7.6 to 15.4% (tab. 3). The methods of biological crop protec-
tion had a significant effect on dry matter levels.

Table 3. The effect of cultivars and methods of protection plant on the dry matter content of
carrot roots (means of 2009-2010)

Tabela 3. Wptyw uprawianej odmiany i metody ochrony ro$lin na zawarto$§¢ suchej masy
w korzeniach spichrzowych marchwi (§rednio z lat 2009-2010)

Dry mater — Sucha masa (%)

Cultivar — Odmiana control . dill onions ,Mear}
kontrola Bioczos BR koper cebula Srednio

Deep Purple F, 12.0 11.5 12.9 154 12.9
Florida F, 11.0 9.0 9.9 7.6 9.5
Interceptor F, 10.9 10.8 14.4 14.7 11.4
Joba 114 9.9 9.9 113 10.6
Kazan F, 10.9 10.6 11.6 10.7 10.9
Purple Haze F, 13.8 13.6 14.5 133 13.8
Mean — Srednio 11.7 10.9 12.2 12.2 -
LSD, - 0.0s — NIRy - 005
Cultivar — Odmiana (a) 1.1
Crop protection method — Metoda ochrony (b) 1.1
Interaction — Wspotdziatanie (a x b) ns

The content of total sugars and L-ascorbic acid in carrot roots was significantly af-
fected by the cultivar and the cultivar x biocontrol method interaction (tab. 4). The
biocontrol method alone had no significant influence of the nutrient content of carrots.

The edible parts of cv. ‘Interceptor F,” were characterized by a significantly higher
total sugars content, compared with the other cultivars. The roots of cv. ‘Joba’ had
the lowest total sugars content, but significant differences were noted only relative
to the edible parts of cv. ‘Interceptor F;’. The best results were obtained when carrots
cv. ‘Interceptor F;” and ‘Deep Purple F;> were intercropped with Welsh onions
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(8.4 2100 g and 8.1 g:100 g, respectively). The total sugars content of the studied
carrot cultivars was similar to the findings of Jagosz et al. [2000], Majkowska-
Gadomska and Wierzbicka [2010].

Carrot roots contain small quantities of L-ascorbic acid. The highest quantities of
L-ascorbic acid were accumulated by purple root carrots. A statistical analysis revealed
that the interaction of experimental factors led to significant differences in L-ascorbic
acid levels. Bioczos BR exerted a particularly beneficial influence on L-ascorbic acid
concentrations in carrots cv. ‘Deep Purple F;’. Our findings are consistent with the data
published by Jagosz et al. [2000].

400+ =

~ & 350 — — u
> —
—. 300 ™
é E y 1 W Deep Purple F1
< = 250
3% . Florida F1

on 4 orida
S 200 i
] 6 1501 Olnterceptor F1
8 Z
£ 10017 - - Joba
Z “ y E

on 501

£ - =1Kazan F1

0 e e - - :
Kontrola Control ~ Bioczos BR Koper Dill Cebula Welsh NIR LSDo=0.05 Purple Haze F1

onion

Fig. 1. The effect of cultivar and methods of plant protection on the nitrate content of carrot roots
(means of 2009-2010)

Rys. 1. Wplyw uprawianej odmiany oraz metody ochrony roslin na zawarto$¢ azotandéw (V)
w korzeniach spichrzowych marchwi (§rednio z lat 2009-2010)

Previous research has shown that nitrate levels in the edible parts of vegetable crops
are determined genetically and therefore they are different in various species and varie-
ties, but they can also be modified by environmental conditions and agronomic factors
[Michalik 1996, Wierzbicka et al. 2004, Majkowska-Gadomska and Wierzbicka 2010].
The average nitrate content of carrot storage roots did not exceed the maximum permis-
sible levels set out in the Regulation of the Minister of Health of 22 December 2004
(fig. 1). It ranged from 142.0 to 400.0 mg N-NOskg f.m.”, depending on the carrot
cultivar and the cultivar x crop protection method interaction. The crop protection
method alone had no significant effect on nitrate levels. The noted values were insig-
nificantly higher than those reported by Wierzbicka et al. [2004], Murawa et al. [2008],
and Majkowska-Gadomska et al. [2009].

CONCLUSIONS

1. Carrot-dill and carrot-Welsh onion intercropping effectively reduced damage to
carrot roots caused by carrot fly larvae.

2. The applied biological control methods had a significant effect on carrot yield.
The application of Bioczos BR and carrot-Welsh onion intercropping had a beneficial
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influence on the total and marketable yield of carrot storage roots. Carrot-dill intercrop-
ping resulted in a significant yield decrease.

3. The content of dry matter, total sugars and L-ascorbic acid in carrot roots was af-
fected by the cultivar and the cultivar x biocontrol method interaction. Higher concen-
trations of dry matter and L-ascorbic acid were noted in carrot cultivars with purple-
colored roots, ‘Deep Purple F;” and ‘Purple Haze F;’.

4. The average nitrate content of carrot storage roots did not exceed the maximum
permissible levels set out in the Regulation of the Minister of Health of 22 December
2004. It ranged from 142.0 to 400.0 mg N-NO5'kg f.m.”, depending on the carrot culti-
var and the cultivar x crop protection method interaction. The crop protection method
alone had no significant effect on nitrate levels.
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WPLYW EKOLOGICZNYCH METOD OCHRONY ROSLIN PRZED

POLYSNICA MARCHWIANKA (Psila rosae) NA WIELKOSC I JAKOSC

PLONU KORZENI SPICHRZOWYCH MARCHWI (Daucus carota L.)

Streszczenie. We wspotczesnej ochronie roslin w coraz wigkszym stopniu powraca si¢ do
metod niechemicznego zwalczania agrofagéw. Duza uwagg zwraca si¢ na wzbogacenie
bioréznorodno$ci agrocenoz. Zastosowanie wspotrzednej uprawy réznych gatunkow ro-
$lin, np. cebula, marchew, koper ogrodowy, fasola, facelia lub gorczyca, ogranicza li-
czebnos¢ szkodnikow. Metoda ta wprowadza dezorientacje wizualna (mszyce), zapacho-
wa (poty$nica marchwianka) lub przywabia organizmy pozyteczne (bzygowate, biedron-
kowate). Doswiadczenie zatozono w Ogrodzie Dydaktyczno-Doswiadczalnym Uniwersy-
tetu Warminsko-Mazurskiego w Olsztynie, w sezonie wegetacyjnym 2009-2010. Prze-
prowadzono je na glebie brunatnej, klasy IV b, na redlinach, ktére przygotowano zgodnie
z wymaganiami ekologicznej uprawy. Pierwszym czynnikiem badan bylo 6 odmian mar-
chwi o zréznicowanym okresie wegetacji: ‘Deep Purple F’, ‘Florida F’, ‘Interceptor
F,’, <Joba’, ‘Kazan F’, ‘Purple Haze F’. Drugi czynnik stanowita proekologiczna
ochrona marchwi, w ktorej porownywano nast¢pujace metody: obiekt kontrolny — rosliny
niechronione, ekologiczna ochrona biopreparatem Bioczos BR, zawierajacym miazgg
czosnkowa w otoczce parafinowej w opakowaniu jednostkowym (kostce) 10 g, wspot-
rzgdna uprawa marchwi z koprem ogrodowym odmiany ‘Szmaragd’ oraz wspoétrzedna
uprawa marchwi z cebulg siedmiolatka odmiany ‘Parade’. Wspotrzedna uprawa marchwi
z koprem ogrodowym i z rozsada cebuli siedmiolatki skutecznie ograniczata uszkodzenia
korzeni spichrzowych przez larwy poty$nicy marchwianki. Zastosowane metody ochrony
ro$lin réznicowaly istotnie plon ogétem i handlowy marchwi. Wykazano korzystny
wplyw Bioczosu BR i wspotrzednej uprawy marchwi z cebula siedmiolatka na plon ogo-
fem i handlowy korzeni spichrzowych. Istotne zmniejszenie plonu uzyskano z uprawy
wspolrzednej marchwi z koprem ogrodowym. Zawarto$¢ suchej masy, cukréw ogotem
i kwasu L-askorbinowego zalezata od odmiany oraz jej wspotdziatania z metoda ochrony
roslin. Wigksza zawartoscia suchej masy i kwasu L-askorbinowego charakteryzowaly sig
korzenie odmian o zabarwieniu purpurowym ‘Deep Purple F,’ i ‘Purple Haze F,’. Zawar-
tos¢ azotanow (V) w korzeniach badanych odmian marchwi ksztattowala si¢ ponizej do-
puszczalnych norm wyznaczonych przez Ministra Zdrowia.

Stowa kluczowe: Daucus carota L., biopreparat, uprawa wspotrzedna, sktad chemiczny
korzeni marchwi
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