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Summary

Objective: Chamomile plants (Chamomilla recutita L. Rausch) are often attacked by pests, which usually
cause the decrease of raw material yield and its quality. The objects of field trial were two chamomile culti-
vars: Ztoty Lan (4n) and Promyk (2n) cultivated under organic regime. The aim of this study was to evaluate
of impact of the spinosad treatment and its time of application on two chamomile cultivars: cv. Promyk - 2n

and cv. Zloty Lan - 4n exposed to insect pests.

Methods: The first treatment with spinosad as a preventative control (P) was performed in the early phase
of plant development (seven leaves). Intervention (I) treatment was made in green bud phase. In both terms
of observation insect pests were observed and collected. In each spraying application of 0.06 g of spinosad
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per 1 liter of water was used.

Results: Spinosad was able to limit the number of pest population and finally increased yielding of the
treated cultivars as compared to the untreated plants. Time of spinosad application for cv. Ztoty Lan plants
was not statistically siginificant, although was more effective for the preventative treatment of cv. Promyk in
the increasing of the plant biomass (283.8 g - m*) and seed (32 g - m?) yields than intervention.

Conclusion: Protection treatment with spinosad might be recommended in chamomile cultivation and it is
more effective than intervention in diploid cultivar which begin blooming earlier than tetraploid. Essential
oil content was not related with protection treatment for diploid cultivar, although intervention in tetraploid

cultivar caused higher content of oil.
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INTRODUCTION

Many species of medicinal and aromatic plants are cul-

tivated for industrial purposes. Cultivation of plant ma-
terial should meet regional and national safety require-
ments [1]. Organic agriculture is a production system
that sustains the health of soil, ecosystems and people,
therefore, only selected substances of the Commission
Regulation (EC) 889/2008 are allowed [2]. Chamomile
(Matricaria recutita L. (Asterales: Asteraceae)) is one of
the oldest and best defined medicinal plants which is
frequently grown for the production of flower heads.
During herb cultivation, pests could cause the reduc-
tion of the flower head yield and often contaminate
them that droppings and dead larvae. Diseases might
affects the content of biologically active substances and
increase the microbiological contamination [3].

In Poland, chamomile tetraploid cultivar Ztoty Lan
is common. This cultivar is characterized by higher
yields of flower heads, essential oil and flavonoids due
to its greater inflorescence weight and thousand seed
weight, as compared to diploid ones [4]. The content
of essential oil changes in various development stag-
es: content in seven leaves and green bud phase dif-
fer from di- and tetraploid cultivars [5, 6] depending
on three groups of factors: genotype, environmental
conditions and agrotechnical factors [7].

The main problem of medicinal plants cultiva-
tion is the lack of protection recommendations and
products registered for these crops. Insecticides
are not allowed in organic cultivation in Poland
[8]. Several problems of medicinal plant protec-
tion against pests could be solved using the natural
insecticide - spinosad, that is approved for organic
farming [9, 10]. Spinosad is metabolic product of a
soil-dwelling bacterium [11]. Spinosad is highly ef-
fective against many insect species and has a short

residual period [12]. It acts as a stomach and con-
tact poison and degrades rapidly in the environment
[13], its toxicity to birds and mammals is also low.
Its safety for some beneficial insects also has been
reported by Kowalska and Kithne [14]. Effects of
this active substance occur in several minutes after
treatment, in some cases resulting in death of the
pest after several hours.

The aim of the study was to evaluate the most
effective time for using different protection strate-
gies of insects control with spinosad in two cultivars
(genotypes) of chamomile exposed to insect pests.
The working hypothesis assumed that different gen-
otypes of chamomile have impact on the occurrence
of insect pests and this fact determines the appropri-
ate time of insecticide application. Protection treat-
ment in appropriate phenophase of different geno-
types of chamomile might influence the yield of the
chamomile flower head and essential oil content.

MATERIAL AND METHODS

The experiment was carried out on a organic field
certified by accredited body experimental in 2017-
2018, near Poznan, Poland (N52°21° E16°48’). The ex-
periments were set up in a randomized complete block
design in three replicates. In each year of experiment in
April, seeds of two chamomile cultivars (own produc-
tion) were sown directly on the plots. Each plot had
8.1 m? The objects of field trial were two chamomile
cultivars Zloty Lan (4n) and Promyk (2n). The first
treatment with spinosad as a preventative control (P)
was performed in the early phase of plant development
(seven leaves). Intervention (I) treatment was made in
green bud phase. In both terms of observation insect
pests were observed and collected. In each spraying,
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application 0.5 ml of Biospin 120 SCI"* water (0.06 g
active substance) was used. All treatments were per-
formed with use of hand sprayer “Kwazar”. Untreated
plants were sprayed with water only in this same volume
as the treated plot. During the experiment flying insect
pests were monitored using yellow traps with water
placed on end of May, every year. One yellow trap was
set in each replicate. Insect pests picked from the yel-
low trap were systematically exchanged for new ones,
segregated and identified into species or families; the
quantitative analysis was performed. Insect pests were
removed after 7 days from traps directly before each
treatment. At full flowering stage raw material (flower
heads) was randomly collected, from 1 m*selected ran-
dom area of each plot. The flower heads were air-dried
in a shaded and well ventilated place for 2 weeks. The
seeds were randomly collected from 1 m?area of each
plot. The following parameters were determined: yield
of fresh and dried flower heads, seed yield and essential
oil content. The essential oil was hydro-distillated from
chamomile flowerheads, following the methods
recommended by European Pharmacopoeia, 2008 [15].

Obtained results were analyzed by analysis of
variance (one way ANOVA) and the differences be-
tween means were verified with the Tukey range test
at the significance level of p<0.05. The calculations
were performed for each cultivar separately.

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS AND DISCUSSION

The greatest problem in cultivation of herbal plants is

the protection of crops against pests. Harmful organisms
cause significant yield losses and reduce the commercial
value of the collected raw material. The average yield
losses that occur when the insecticide and fungicides
are discontinued are estimated at 30-40% [16]. In our
experiments, cultivated chamomile was infested by four
groups of insect pests occurring in different numbers in
relation to different stages of development (tab. 1).

Both years, in the first half of June, mainly winged
black bean aphid Aphis fabae Scop. (Hemiptera:
Aphididae), common pollen beetle Meligethes aene-
us Fab. (Coleoptera: Nitidulidae) and some species
from the Curculionidae family, Thysanoptera and
other species were noted.

Preventive treatment (P) coincided with the early
development phase of plants — seven leaves. Table
1 showes the occurrence of pests in this stage (means
in one trap were 21 and 24 insects in cv. Ztoty Lan and
cv. Promyk, respectively). Higher number of caught in-
sects was recorded for diploid cultivar Promyk —24 and
16/trap, on average, for seven leaves and green bud
stage of development, respectively (tab. 1). It is con-
firmed in practice that diploid plants earlier (from 4 to
7 days) reach that development stage than tetraploid
plants and those starting their blooming. That is why
more developed plants are more frequently occupied
by insects that cause damage to plants. During visual
monitoring of experimental plants the first flying A. fa-
bae individuals were observed just on diploid plants.

The highest values of fresh and dried flower heads
and yield of seeds were obtained for cv. Promyk only
after preventative treatment are presented in table 2.

This suggests that the early application of spi-
nosad was effective for diploid cultivar and the num-
ber of insect pests decreased. Early treatment was

Table 1.
Mean number of collected insect pests in yellow traps during the field experiments related to stage of chamomile plant
and genotype of plantss
cv. Promyk (2n) cv. Zloty Lan (4n)
Collected insect Seven leaves phase Green bud phase Seven leaves phase Green bud phase
pets trap trap trap trap trap trap trap trap trap trap trap trap
No. 1 No. 2 No.3 | No.1 No. 2 No. 3 No. 1 No. 2 No. 3 No. 1 No. 2 No. 3
Aphis fabae 5 5 1 1 2 1 3 0 3 0 0 0
Curculionidae 2 0 1 3 3 0 3 1 2 2 1 0
Meligethes aeneus 1 1 1 0 1 1 1 1 1 0 0 0
Thysanoptera 3 3 1 2 1 1 3 2 1 6 0 1
Total number 24 16 21 10
kerta polonica
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Table 2.

Mean values (2017-2018) of chamomile yield related to cultivars (genotypes) and treatment with spinosad

Combination of protection Fresh flower Dried flower head yield Seed yield ol N
—— bl ] o] e Essential oil content [%]
cv. Zoty Lan (4n)
Prevention 367.4 ns 77.4 s 43.4 ns 0.65 ab
(1 treatment at seven leaves phase)
Intervention (I treatment at green 3383 ns 70.5 ns 42.9 s 085b
bud phase)
Untreated plants 335.7 ns 77.8 ns 34.5 ns 0.5a
cv. Promyk (2n)
Prevention 2838 b 68.3b 32b 0.8 ns
(1 treatment at seven leaves phase) ' ’ '
Intervention (I treatment at 2084 a 5332 2524 0.7 ns
green bud phase)
Untreated plants 2238a 544a 28.2ab 0.7 ns

ns - non statistical important differences, analysis was made for each cultivar separately, p<0.05
a, b - values followed by the same letter are not statistically different at p<0.05

performed when initial insect pests were detectable
on the plants, monitoring of yellow traps allowed to
confirm their presence and treatment with spinosad
limited damage to young plants. It is concluded that
early (preventive) treatment contributed to signifi-
cant higher yield as compared to intervention treat-
ed and untreated plants only for cv. Promyk (mean
283.8 g - m? of flower heads, 228.4 and 223.8, re-
spectively), although the yield of cv. Zloty Lan was
higher. It was not related to protection treatment,
but to genotype (tab. 2).

Later treatment (intervention) made at stage of
green bud did not protect plants against damage by
insect pests. Statistical analysis showed significant
differences in yield, depending on the time of spi-
nosad application only in diploid (cv. Promyk). Seed
yield was also the highest (mean 32 g - m?) after pre-
ventive treatment of cv. Promyk. Differences in seed
yield between untreated and intervention treatment
were not significant for diploid plants. Treatment as
intervention has negative impact on seed yield for
cv. Promyk while for cv. Zloty Lan it was not sig-
nificant.

The highest content of essential oil was recorded
in flower heads of cv. Ztoty Lan after intervention
treatment (mean 0.85 and 0.65% for intervention
and preventive treatment, respectively), while there
were no significant differences in essential oil con-
tent of cv. Promyk flower heads. It is known that
chamomile tetraploid cultivar Ztoty Lan is charac-
terized by greater inflorescence weight and greater
1000 seeds weight, higher yields of flowerheads,

essential oil and flavonoids, as compared to diploid
ones [17].

In the literature on medicine plants agrotechni-
cal recommendations can be found, while there
are no studies on non-chemical crop protection. In
Poland, there are no insecticides authorized for use
in medicinal crops. Spinosad only is an insecticide
approved to be used in organic farming. Evaluation
of its insecticidal potential in chamomile cultiva-
tion is possible. Obtained results allow to state that
spinosad applied at seven leaves phase was the most
effective in decreasing the number of insects in dip-
loid cv. Promyk.

Different genotypes used in field experiments dem-
onstrated a varied morphological structure of plants,
different occupation of plants by pests and different
effects of foliar treatments applied against insects.
This was confirmed by Woropaj-Janczak et al, [18]
in their study on the effect of biostimulant foliar ap-
plication in different genotypes. Their results showed
that phenolic compounds increased in herb yield,
but only in tetraploid plants, however diploid plants
bloomed more abundantly and contained more es-
sential oil in flower heads. Our results showed that
essential oil content in diploid plants was not related
with spinosad treatment, regardless of time of appli-
cation and stage of plant development. Nevertheless,
essential oil content in flower heads of cv. Zloty Lan
was significantly higher in treated plants, especially
after intervention (0.85%). For diploid plants no dif-
ferences were noted. It allows to state that tetraploid
cultivar is more sensitive for such agrotechnical
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measurements than foliar treatment. The results ob-
tained should be confirmed in other tests that would
allow to establish practical guidelines.

CONCLUSIONS

Our study suggests that a single application of spi-
nosad can protect young plants of chamomile at the
stage of seven leaves development. Diploid plants
are earlier occupied by insects than tetraploid plants.
Treatment with spinosad can be recommended
for protection of diploid cultivar and contribute to
higher yield in organic farming systems. The essen-
tial oil content in the diploid cultivar was not affect-
ed by pest control treatment, however in tetraploid
plants the highest content of oil was noted.

Conflict of interest: Authors declare no conflict
of interest.
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