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Abstract

In Romania, as in many other countries, white cabbage is one of the most important vegetable crop species. The experiment was
performed in the NE of the country during 2008-2009 in order to measure the impact of cultivar choice and pest control techniques on
organic white cabbage [Brassica oleracea (L.) var. capitata f. alba (D.C.))]. This experiment included carly, summer and autumn crops. The
carly crop compared four cultivars, the summer crop two cultivars, and the autumn crop three cultivars. The effect of various common
organic pest control techniques was also measured. These techniques included: treatments with extract from neem (Azadirachta indica),
potassium soap, Bacillus thuringiensis var. kurstaki toxins, application of a parasitic wasp (17ichogramma evanescens) and covering the
crop with an agrotextile. Data were collected regarding the effect of cultivar selection and pest control technique on common local
cabbage pests: cabbage flea becetle (Phyllotreta atra), cabbage fly (Delia brassicae), cabbage moth (Mamestra brassicae) and cabbage
butterfly (Pieris brassicae). The highest yields for each respective growing season were obtained using the following combinations:
"Flavius’ x agrotextile (carly crop), ’‘Copenhagen Market’ x agrotextile + 4 Lha? azadirachtin + 12.10* wasps/ha (summer crop) and

"Buzau’ x 4 ha' azadirachtin (autumn crop).
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Introduction

The main goals of organic farming are the preservation
of agricultural ecosystems and the sustainable produc-
tion of healthy products for consumers. These goals are
achieved through natural environmental conditions and
applied cultural practices (Munteanu ez 4., 2008).

White cabbage is an important organic crop in Roma-
nia. Field cultivation of organic white cabbage depends
heavily on a series of properly applied cultural practices,
including the choice of land (Pfiffner ez 4/., 2009), crop
rotation (Stoian, 2005), cultivar selection (Greenland ez
al., 2000), manure and fertilizer application (Stoleru and
Imre, 2007), and weed, pest and disease control (Bianchi
et al., 2005, Fatouros and Huigens, 2012, Furlong ez 4l.,
2008, Phiffner ez al., 2009). In addition to producing high-
quality crops, healthy, well-balanced soil can help plants
develop natural resistance to both insect and disease pests
(Blake, 1999).

As in many countries, Romania aims to reduce the use
of synthetic chemical pesticides, and in this sense, the ap-
proach is beneficial to organic systems, which favors main-
taining the natural balance between pests and the useful
fauna (Stoian, 2005).

To choose the appropriate cultivar, several criteria were
taken into account: the climate and soil conditions, crop
system, product destination, time of sowing, planting and

harvesting period, resistance to discases and pests (Bajwa
and Kogan, 2002; Mitchell ¢z al., 2011; Munteanu ez al.,
2008), adaptation to extreme environmental conditions,
photoperiod length, the overall cost of fertilizers, and con-
sumer preferences.

Spores and crystalline insecticidal proteins produced
by B. ¢. var. kurstaki have been used to control insect pests
since the 1920s. They are now used as insecticides under
trade names such as Dipel and Thuricide. Because of their
specificity, these pesticides are regarded as environmen-
tally friendly, with little or no effect on humans, wildlife,
pollinators, and most other beneficial insects (Hofte ez al.,
1986). T. evanescens are facultatively gregarious, polypha-
gous egg parasitoids that are often used in inundative
biological control programs against a wide range of lepi-
dopterous eggs (Smith, 1996).

Prior research on cabbage pests has shown several
things. First, early cabbage was attacked less frequently
by the cabbage moth, especially 1+ and 2™ instar-staged
larvae. This resulted in production losses of approximately
0.7% of the total production. For late cabbage, insect dam-
age during the heading stage caused 9.8% to 11.2% losses
in production. Finally, the cabbage flea may cause damage
of up to 35% of the final harvest, and is especially destruc-
tive during the seedling stage (Calin, 1996).The most
harmful pests for white cabbage in northeastern Romania
(Georgescu, 20006) are listed below, by growing season:
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(a) for carly crops - cabbage aphid (Brevicoryne bras-
sicae), cabbage fly and cabbage moth;

(b) for summer crops - cabbage aphid and cabbage
moth;

(c) for autumn crops - cabbage aphid, cabbage moth
and cabbage butterfly.

The purpose of this experiment was to study the influ-
ence of both cultivar selection and pest control techniques
on the degree of pest attack, and on the total yield of white
cabbage. These measures were applied to three growing
seasons: early, summer and autumn.

Materials and methods

Site description

The bifactorial experiment was carried out at the Uni-
versity of Agricultural Sciences and Veterinary Medicine,
Tasi, in an organic certified horticultural farm. The farm is
located in northeast of Tasi (lat. 47°10” N and long. 27°30’
E). The local climate is characterized by an average annual
temperature of 9.6°C (49.3°F) and a total average rainfall
of 521 mm-year™. In terms of the morphological and sys-
tematic soil conditions, the soil is classified as chernozem
(Cz) formed on mold (Filipov, 2005).

The crops were established using seedlings that were
produced in the farm greenhouses in cellular trays 4x4
cm for the early and summer crops, and 3x3 cm for the
autumn crop, according to European Council Regula-
tions 834/2007. Plug-tray transplants showed the greatest
increase in leaf area following transplanting and matured
carlier than seedlings produced in other systems (Frantz ez
al., 1999). The experimental crops were grown according
to standards set forth in the scientific literature (Guerena,
2006; Stan and Munteanu, 2001).

Experimental field

Each crop was established on level ground using drip
irrigation, and well-balanced crop rotation. Each autumn,
the soil was fertilized using 25 t-ha’ of mature chicken
compost, and plowed to a depth of 28-30 cm. Each crop
was established by transplanting at different times: 15-20
Apr. for the early crop, 15-20 May for the summer crop
and 15-20 June for the autumn crop.

Two experimental factors were studied, the first fac-
tor was the cultivar and second factor was the pest control
technique. The cultivars used were well known and suit-
able for Romania, having originated either in Romania or
in other European countries. The pest control measures
consisted of various techniques, all of which are commonly
used in organic horticulture (Munteanu ez 4., 2008). The
following pest control measures were used: application of
extract from neem (azadirachtin - active substance), agro-
textile non-woven material to cover the crop (Agril P17,
Fiberweb, Biesheim, France); potassium soap - a plant
non-toxic soap based on potassium hydroxide; B. 7 var.
kurstaki toxins and application of parasitic wasps .
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The first experimental factor was the cultivars. The
names of the four cultivars used for the early crop were
"Timpurie de Vidra, ’Ditmark} ’Golden Acre’ and "Flavius.
The summer crop used cultivars ’Gloria’ and "Copenhagen
Market’ The autumn crop cultivars were "Buzau) "Braun-
schweig’ and "Licurisca.

The second experimental factor was the pest control
technique utilized. The three techniques used for the early
crop were: 4 l-ha” azadirachtin, agrotextile coverage, or 4
l'ha azadirachtin + 20 l-ha’ potassium soap. Likewise,
the summer crop received one of the following three treat-
ments: 4 l-ha’ azadirachtin + one application of 12.10*
wasps/ha, agrotextile coverage + 4 lha' azadirachtin +
one application of 12-10* wasps/ha, or 4 l-ha azadirachtin
+ 20 Lha' potassium soap + one application of 12.10*
wasps/ha. Lastly, the autumn crop was treated using one
of the following three techniques: 5 I-ha” azadirachtin, 1.5
kg-ha™ B. . var. kurstaki toxins, or three applications of
12.10* wasps/ha.

The observations and measurements regarding the
influence of the cultivar selection and pest control tech-
niques were made at the heading phase and at harvest for
the early crop, at the rosette and heading phases for the
summer crop and after planting, in the rosette and in the
heading phases for the autumn crop. Most of the insect
damage to the cabbage was assessed according to the de-
gree of attack. The biological control used for cabbage
moth assessed using method recommended (Parepa ez 4/,
2006). The crops were harvested manually at the optimum
harvest time for each of the cultivars. The early cabbage
was harvested in June and July, the summer crop in August
and the autumn crop in October.

Data analysis

The experimental data were assessed according to
technical standards commonly applied to polyfactorial
experiments. The experimental data were compared us-
ing percentages and differences. The influence of the ex-
perimental factors was estimated by the variance analysis
(ANOVA) method, using the Fisher test (ratio of error of
variance and treatment variance). The significance of the
differences was assessed by taking into account the low-
est significant difference (LSD) for three degrees of con-
fidence: 95%, 99% and 99.9% (Jitareanu, 1994; Saulescu
and Saulescu, 1967).

Results and discussion

The efficacy of various combinations of cultivar and pest
control combinations on the early cabbage crop is shown
in Tab. 1. The degree of attack of the cabbage aphid on the
carly crop ranged from 0.8% for ‘Flavius® with agrotextile,
up to 1.7% for ‘Ditmark’ with 4 l-ha” azadirachtin.

Crop cover can be used to provide effective protection
against pests and other. The nonwoven structure provides
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Tab 1. Efficacy of cultivar x pest control measures on early organic cabbage (2008-2009)

Damage by Damage by .
D by cabbage fl Total yield*
Treatment” Cabbage cabbage fleas Amage by cabbage Ty cabbage moth oratyie
reatmen
h h Adul L IL Diff
phenophase ults DA(%)" arvae DA(%)" arvae DA(%)" (coha”) ifference t(l) )
(no./plant) (no./ plant) (no./ plant) average (teha)
ab, heading 55.2 15 6-7 85 - - 5 oo
. -2,
ab, harvest - - - - 2-3 0.5 397 7
ab, heading 25.1 1.1 5-6 8.9 - -

26.0 -0.69N
ab, harvest - - - - 1-2 0.3 ’ ?
ab, heading 39.4 13 7-8 10.2 - -

: 252 -1.53°
alb3 harvest - - - - 1-2 0.4 >23 >3
ab, heading 57.1 17 7-8 132 - -

22.0 AL
ab, harvest - - - - 1-2 0.6 ’ g
ab, heading 27.1 12 5-6 8.6 - -

z 2457 -2.19°°
ab, harvest - - - - 1-2 0.3 > 7
ab, heading 36.4 14 6-7 94 - -

3 2 L _ .4 000
ab, harvest - - - - 2-3 0.4 3:33 343
ab, heading 41.9 13 10-11 14.2 - - 2600 076N
ab, harvest - - - - 2-3 0.6 ’ ’
a3bz heading 20.1 1.1 5-6 6.9 - - 29.00 294"
ab, harvest - - - - 1-2 0.4 ’ ’
ab, heading 286 13 89 103 : : 10 .
ab, harvest - - - - 1-2 0.5

b headi 6. 1.2 - 12.4 - -
ab, cading 36.7 8-9 30.10 334
ab, harvest - - - - 12 0.4
ab, heading 21.6 0.8 6-7 7.8 - -

4 2. 81
ab, harvest - - - - 1-2 0.3 3257 >
ab, heading 26.4 12 9-10 145 - -

1.0 431
ab, harvest - - - - 1-2 0.4 3107 3
X - - - - - - - 26.76 0.00

“Interaction cultivar and pest control management (al - Timpurie de Vidra’; a, ~Ditmark’; a, “Golden Acre’; a, ~’Flavius’ ; bl - 4 |.ha"! azadirachtin; bz- agrotextile
(Agryl P - non-woven material, made by Fiberweb France < www.fiberweb.com >); b, -4 l'ha! azadirachtin + 20 l-ha! potassium soap);

"Degree of attack (DA) is equal to the product of frequency and intensity of actack: DA = (FxI) / 100. Attack frequency (F%) which is the ratio between the number of
plants or plant organ attacked (n) and total (N) of plants or plant organ observed and calculated as: F% = n/N x 100. The intensity of actack (1%) expresses the percentage

of plants, foliage or other plant organs damaged by pests;

“Total yield as average during 2008-2009, made at consumption maturity, 65 days after planting;
vSignificance of differences made by ANOVA (analysis of variance) for experimental factors and interaction of them;

NS * ok ook
PRI

0,00,000 - negative significant at p<0.05, 0.01, 0.001, respectively

a physical barrier to insects (Erzsebet ez al., 2007; Gerst,
1993; Walker, 2005).

Cabbage fly had a degree of attack ranging from 7.8%
for ‘Flavius’ with agrotextile, up to 14.5% for "Flavius’ with
4 ]ha™ azadirachtin + 20 l-ha” potassium soap. The degree
of attack of the cabbage moth ranged from 0.3% for ‘Fla-
vius, “Timpurie de Vidra’ and ‘Ditmark’, with agrotextile,
up to 0.6% for ‘Ditmark’ and ‘Golden Acre’ with 4 l-ha’
azadirachtin. The damage of the cabbage moth was deter-
mined at the larval stage during the harvesting phenophase
of the early crop.

The effects of the different factor combinations on
total yield are summarized in Tab. 1, with significant dif-
ferences noted. The total yield varied from 22.07 tha™* for
‘Ditmark’ with 4 l-ha” azadirachtin, up to 32.57 t-ha™ for
‘Flavius, with agrotextile as the pest control. The produc-

- indicate nonsignificant and positive significant at p<0.05, 0.01, 0.001, respectively;

tion differences compared to the average (mean) yield
ranged from -4.69 tha’ (‘Ditmark’ x 4 l-ha azadirachtin)
to 5.81 tha! (‘Flavius’ x agrotextile).

Thus, the results obtained by using agrotextile are simi-
lar to results obtained by other authors (Erzsebet ez al.,
2006, 2007; Erzsebet, 2009; Karkanis ez 4/.,2011). Aphids
do not damage the crop before hearting. As pests may dis-
tort the heart, it is important to reduce their population
as hearting commences and to remove them totally during
hearting (Apahidean ez al., 2004; Calin, 1996).

Seljasen and Meadow (2006), reveal that the applica-
tion of azadirachtin in the larval stage 1, occurs in cabbage
fly and cabbage moth a high mortality.

Organic production obtained in early cabbage are re-
duced by 40-44% compared to the conventional system,
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even if the agryl protection (Erzsbet, 2009; Posta and Be-
rar, 2007).

Most of the insect damage to the summer cabbage crop
was assessed according to the degree of attack that the
fleas and moths inflicted (Tab. 2). The degree of attack of
the cabbage aphids on the summer cabbage crops ranged
from 7.2% for ‘Copenhagen Market’ with agrotextile, up
to 13.7% for ‘Gloria, with 4-10° Azadirachtin applied dur-
ing the rosette stage. Attack of the cabbage moth was de-
termined in the larval stage, during the rosette and heading
phenophases. The degree of attack during the rosette phe-
nophase ranged from 6.8% for ‘Copenhagen Market’ with
agrotextile + 4 l-ha” azadirachtin + one application of
12.10% wasps/ha, up to 12.3% for ‘Gloria, to which 4 l-ha’!
azadirachtin + one application of 12.10* wasps/ha was ap-
plied. The degree of attack during the heading phenophase
was between 8.7% for ‘Copenhagen Market” with agro-
textile + 4 l-ha’ azadirachtin + one application of 12.10*
wasps/ha, up to 15.1% for ‘Gloria’ with 4 -ha"! azadirachtin
+ 20 Lha! potassium soap + 12.10% wasps/ha.

On the summer cabbage crop, because planting was
made a month later, there is a higher incidence of pest at-
tack, which revealed a higher degree of attack, compared
with early cabbage. Thus, besides the version that was used
azadirachtin, Trichogramma evanescence and agryl degree
of attack was reduced more than 50%. Young plants are
vulnerable to attack of cabbage fly at ground level, which
means that agryl provides protection if installed before egg
laying by the pest.
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In the rosette stage, degree of attack is lower than
phenophase formation of the head, which are similar to
results of other authors (Bianchi ez 4/., 2005; Seljasen and
Meadow, 2006).

The effects of different factor combinations on total
yield are summarized in Tab. 2. Distinctly significant differ-
ences were noted between many factor combinations. The
total production varied from 32.13 t-ha™ for ‘Gloria’ with 4
lha! azadirachtin + one application of 12.10* wasps/ha,
up to 37.83 tha' for ‘Copenhagen Market” with agrotex-
tile + 4 l-ha! azadirachtin + 12.10* wasps/ha.

Most of the insect damage to the cabbage was assessed
according to the degree of attack that was inflicted by cab-
bage aphids and moths (Tab. 3). The degree of attack of
the cabbage aphids on the autumn crop ranged from 10.6
% for ‘Licurisca’ up to 12.4 % for ‘Braunschweig’ to which
S l'ha! azadirachtin was applied during the planting phe-
nophase. During the rosette phenophase for the autumn
crop, the cabbage fleas had a degree of attack ranging from
5.9% for ‘Buzau’ with 5 l-ha™ azadirachtin, up to 10.4% for
‘Braunschweig’ with 1.5 kg-ha™ B. #. var. kurstaki toxins ap-
plied. The attack of cabbage moth was determined at the
larval stage during the rosette and heading phenophases of
the autumn crop. For the rosette phenophase, the degree
of attack ranged from 5.6% for ‘Licurisca'with three ap-
plications of 12.10* wasps/ha were used, up to 7.9% under
the same protection measures. During the heading pheno-
phase, the degree of attack was between 7.9% for ‘Buzau’

Tab 2. Efficacy of cultivar x pest control measures on summer organic cabbage (2008-2009)

Cabb Damage by cabbage fleas Damage by cabbage moth Total yield*
abbage
Treatment® heno hgasc Adults DA(%) Adults DA(%)  (toha) Difference to average
[ ]
P P (no./ plant) ? (no./ plant) ? (teha)¥
ab, rosette 10-15 13.7 4-5 12.3 3213 g
a1b1 heading - - 45 13.7
ab, rosette 5-10 8.9 1-2 8.9
4. I
ab, heading - - 34 112 3400
ab, rosette 10-15 12.8 2-3 11.6 3320 1910
ab, heading - - 4-5 12.6 ’ ’
ab, rosette 5-10 10.4 34 9.6 .
ab, heading - - 45 10.1 7 oL
ab, rosette 4-8 72 1-2 6.8 3783 272"
ab, heading - - 3-4 8.7 ' '
ab rosette 8-10 9.1 2-3 10.4
578 6.00 0.89%
ab, heading - - 45 15.1 - 4
X - - - - - 35.11 0.00

“Interaction cultivar and pest control measure (a, - ‘Gloria’; a,~Copenhagen Market'; b, - 4 Lha” azadirachtin + one application of 12:10* wasps/ha; b, - agrotextile <Agryl
P - non-woven material, made by Fiberweb France , www.fiberweb.com > + 4 lha' azadirachtin + one application of 12.10* wasps/ha; b, - 4 Lha™ azadirachtin +20 lha'

potassium soap + one application of 12:10* wasps/ha;

*Degree of attack (DA) is equal to the product of frequency and intensity of attack: DA = (Fx1) / 100. Actack frequency (F%) which is the ratio between the number of
plants or plant organ attacked (n) and total (N) of plants or plant organ observed and calculated as: F% = n/Nx 100. The intensity of attack (1%) expresses the percentage

of plants, foliage or other plant organs damaged by pests;

“Total yield as average during 2008-2009, made at consumption maturity, 90 days after planting;
“Significance of differences made by ANOVA (analysis of variance) for experimental factors and interaction of them;

NS %ok ok

0,00,000 - negative significant at p<0.05, 0.01, 0.001, respectively

indicate nonsignificant and positive significant at p<0.05, 0.01, 0.001, respectively:;
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Tab 3. Efhicacy of cultivar x pest control measures on autumn organic cabbage crop (2008-2009)

Cabb Damage by cabbage fleas ~ Damage by cabbage moth Total yield*
abbage
Treatment” Adults Larvae Difference to average
henophase DA(%) DA(%) ha' g
phenop (no./ plant) (%} (no./ plant) &) o) (teha™)¥
ab, after planting 1-2 119 - -
ab, rosette 4-8 59 1-2 64 54.47 638"
ab, heading - - 34 10.7
ab, after planting 1-2 12.1 - -
ab, rosette 5-9 62 2-3 7.9 51.23 314"
ab, heading - - 4-5 9.6
ab, after planting 2-3 10.7 -
ab, rosette 6-10 8.7 1-2 5.8 52.90 481"
ab, heading - - 45 7.9
ab, after planting 117 12.4 = =
ab, rosette 45 7.6 1-2 6.4 47.73 -0.36™
ab, heading - - 3-4 9.7
ab, after planting 7-8 12.1
ab, rosette 5-9 10.4 1-2 7.1 46.50 -1.59°
ab, heading - - 5-6 10.1
ab, after planting 3-4 10.8 - -
ab, rosette 7-10 82 2-3 6.8 4613 -1.96*
ab, heading 4-5 9.5
ab, after planting 2-3 10.6 - -
ab, rosette 7.8 6.3 1-2 6.8 45.73 -2.36°°
ab, heading - - 3-4 8.6
ab, after planting 2-3 11.8 - -
ab, rosette 10-12 7.1 1-2 7.3 43.60 -4.49°°
ab, heading - - 3-4 9.7
ab, after planting 3-4 10.7 - -
ab, rosette 10-15 8.2 2-3 5.6 44.53 -3.56°°
ab, heading - - 3-4 10.4
X - - - - - 48.09 0.00

“Interaction cultivar and pest control management (a, - 'Buzau’; a, - Braunschweig’; a, -'Licurisca’; b, - 5 l'ha” azadirachtin;

b,- 1.5 kg:ha'B. t. var. kurstaki toxins <32.000 U.L/mg>; b, - three applications of 12:10* wasps/ha);

"Degree of attack (DA) is equal to the product of frequency and intensicy of actack: DA = (FxI) / 100. Actack frequency (F%) which is
the ratio between the number of plants or plant organ attacked (n) and total (N) of plants or plant organ observed and calculated as: F%
= n/Nx 100. The intensity of attack (1%) expresses the percentage of plants, foliage or other plant organs damaged by pests;

“Total yield as average during 2008-2009, made at consumption maturity, 115 days after planting;

*Significance of differences made by ANOVA (analysis of variance) for experimental factors and interaction of them;

NS ok Kok

0,00,000 - negative significant at p<0.05, 0.01, 0.001, respectively

with three applications of 12-10* wasps/ha applied, up to
10.7% for ’Buzau’ with 5 'ha™ azadirachtin.

Can be noticed that the best results on pest control was
achieved in variants treated with azadirachtin and those
where wasps were applied. In variants where B. 7 var.
kurstaki was used, cabbage fly mortality was higher than
60%, causing a degree of environmental attack, similar to
other results obtained (Furlong ez al., 2008), thus provid-
ing cost-effective production, but lower yield from 26.5 to
46% (Apahidean ez al., 2011; Furlong ez al., 2008; Green-
land ez 4l., 2000).

The influence of the cultivar and pest control tech-
niques on the total yield of the autumn crop is shown

indicate nonsignificant and positive significant at p<0.05, 0.01, 0.001, respectively;

in the same table. ANOVA analysis confirms significant
differences between the factor combinations. The total
production varied from 43.60 tha! for ‘Licurisca’ with
1.5 kg-ha' B. #. var. kurstaki toxins, up to 54.47 tha' for
‘Buzau’ with 5 l'ha’ azadirachtin used for pest control.
Compared to the experimental mean, the yield differ-
ences ranged from -4.49 tha' (‘Licurisca’ x 1.5 kg-ha’
B. t. var. kurstaki toxins) to 6.38 t-ha’ (‘Buzau’ x S l-ha?!
azadirachtin). Distinctly significant positive differences
were obtained when ‘Buzau” was treated with 1.5 kg-ha™
B. t. var. kurstaki toxins (3.14 t-ha™) + three applications
of 12-10% wasps/ha (4.81 t-ha™).
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Conclusions

The highest level of the total production of the carly
crops was obtained in the case of the ‘Flavius’ F1 cultivar,
when the covering system with Agryl P _was used as a de-
fense measure (32.57 t/ha).

The total production of the summer crop varied from
32.3 t/ha (in the case of the Gloria cultivar treated with
0.4% Neemazal T/S + 1 application x Trichogramma eva-
nescens at 120,000 individuals/ha) to 37.83 t/ha (in the
case of the ‘Copenhagen Market’ cultivar treated with
Agryl + 0.4% Neemazal T/S + 1 application x Tricho-
gramma evanescens at 120,000 individuals/ha).

The total yield for the autumn crop varied from 43.60
t/ha (in the case of the ‘Licurisca’ cultivar when 0.15% Di-
pel was applied), to 54.47 t/ha (in the case of the ‘Buzau’
cultivar when 0.5% Neemazal T/S was applied.
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