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ABSTRACT

Ragweed (Ambrosia artemisiifolia L.) is an invasive plant 
species from the American continent, which has actively 
penetrated plant communities, displacing local species of 
cultivated and weed vegetation. The uncontrolled 
development and widespread distribution of ragweed in the 
South of Russia are associated with the absence of natural 
enemies of this weed. Ragweed is not only a 
competitor of cultivated and weed plants but also causes allergic 
diseases. The ragweed moth (Tarachidia candefacta Hbn.) was 
imported from Canada as a biological agent to control ragweed's 
development and distribution. We used the mass release 
of herbiphage into agrocenoses during the emergence of 
ragweed, which implies an artificial shift in the phenophase of 
the bioagent, which was achieved by early mass dilution on an 
artificial nutrient medium (ANM) under laboratory conditions. 
To cultivate the ragweed moth, the ANM was improved by 
adding powdered milk as a source of protein and vitamins to 
the composition, which made it possible to improve the 
quality of the environment and improve the biological indicat
ors of the development of the bioagent. Replacement of wheat 
germ with soybean meal in ANM made it possible to obtain a feed 
balanced in protein and amino acid composition for growing 
herbiphage. As a result of the research, a method of colonization 
of the ragweed moth was developed, based on the early mass 
cultivation of herbiphage on an improved formulation of ANM 
and the release of T. candefacta at the beginning of the growing 
season of the weed, which allowed to suppress its growth by half.

Key words: Bioagent; Herbiphage; Seasonal colonization; 
Seasonal coloniation method; Ragweed.
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RESUMEN

La ambrosía (Ambrosia artemisiifolia L.) es una especie 
vegetal invasora del continente americano, que ha penetrado 
activamente en las comunidades vegetales, desplazando 
especies locales de vegetación cultivada y maleza. La 
ambrosía no solo es un competidor de las plantas cultivadas 
y las malas hierbas, sino que también causa enfermedades 
alérgicas. La polilla de la ambrosía (Tarachidia candefacta 
Hbn.) fue importada de Canadá como agente biológico para el 
control de la ambrosía para controlar el desarrollo y la 
distribución de la ambrosía. Utilizamos el método de liberación 
masiva de herbífagos en agrocenosis durante el período de 
emergencia de la ambrosía, lo que implica un cambio artificial 
en la fenofase del bioagente, que se logró mediante una 
dilución masiva temprana en un medio nutritivo artificial (ANM) 
en condiciones de laboratorio. Para el cultivo de la polilla 
de la ambrosía se mejoró el ANM al agregar leche en polvo 
como fuente de proteína y vitaminas a la composición, lo que 
permitió mejorar la calidad del ambiente y mejorar los 
indicadores biológicos del desarrollo del bioagente. La 
sustitución del germen de trigo por harina de soya en ANM 
permitió obtener un alimento balanceado en composición proteica 
y aminoacídica para el cultivo de herbófagos. Como 
resultado de la investigación, se desarrolló un método de 
colonización de la polilla de la ambrosía, basado en el cultivo 
masivo temprano de herbifagos en una formulación 
mejorada de ANM y la liberación de T. candefacta al 
comienzo de la temporada de crecimiento de la 
maleza que permitió suprimir su crecimiento a la mitad.

Palabras clave: Ambrosía; Bioagente; Colonización 
estacional; Herbófago; Método de colonización estacional.
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INTRODUCTION

Ragweed (Ambrosia artemisiifolia L.) is a 
malicious invasive weed in Europe (Smith 
et al., 2013; Agnew et al., 2018; Bonini et 
al., 2018) and Asia (Fukano and Yahara, 
2012), and has become a real disaster for the 
southern regions of Russia. The species was 
brought to the Old World from North America 
in 1873 with red clover seeds.

In Russia, ragweed was first discovered 
in 1918 by the botanist S. G. Kolmakov 
near Stavropol. At about the same time, a 
quarantine plant was discovered in Krasnodar 
Krai. In the Rostov region, the first foci of 
ragweed appeared in the early fifties and in 
Primorsky Krai - in the early sixties of the last 
century.

Ragweed is one of the most dangerous weeds 
that cause an allergic reaction in humans. Due 
to its biological plasticity and the absence of 
natural enemies, it is widely introduced into 
plant communities around the world (Chen et 
al., 2018). Ragweed strongly inhibits cultivated 
plants (Baysinger and Sims, 1991; Harrison et 
al., 2001), dries up the soil, sharply reduces 
soil fertility, its pollen causes massive allergic 
diseases in humans (Basset and Crompton, 
1975; Smith et al., 2013; Esipenko et al., 2016; 
Gentili et al., 2019). The absence of natural 
enemies of this weed causes its uncontrolled 
invasive development and spread. Then, it is 
mainly controlled by mechanical and chemical 
means.

Agrotechnical methods could not stop the 
large-scale invasion of ragweed both in 
Russia and in other countries. Chemical 
herbicides are also often ineffective against 
this dangerous plant due to the development 
of resistance (Barnes et al., 2017; Nagy et 
al., 2017). Currently, the North Caucasian 
region and Primorsky Krai are the zones of 
the most remarkable development and spread 

of the weed. Due to global warming, there is a 
rapid expansion of the territories of invasion: 
there is a vertical acclimatization of the weed, 
which gradually moves northward (Scalone et 
al., 2016; Lake et al., 2017). Full maturation 
of ragweed seeds is observed in the regions 
of central Russia, which was not previously 
noted. As early as 20 years ago, the total area 
of the land infested with ragweed in Russia 
significantly exceeded 6 million hectares 
(Moskalenko, 2001).

From 1967 to 1979, more than 30 species of 
natural enemies of ragweed were selected in 
Canada and the United States and introduced 
to the territory of the former USSR (Kovalev 
and Runeva, 1970; Goeden et al., 1995).

They include four species of phytophagous 
insects from natural complexes of North 
America: Tarachidia candefacta Hubn, 
Euaresta bella Loew, Brachytarsus 
tomentosus Say, and Zygogramma suturalis 
F., which were introduced and released in 
the North Caucasus (Kovalev and Runeva, 
1970; Kovalev and Samus', 1972; Kovalev, 
1981). In the first years after acclimatization, 
the abundance of these species was very low, 
and they were considered unpromising for the 
biological control of ragweed.

It is known that two herbiphages have 
acclimatized in Russia: the ragweed leaf 
beetle and the ragweed moth (Matishov et al., 
2011).

For some years after the introduction, the 
ragweed moth population was in depression. 
Since 2000, its population density in the south 
of Russia began to grow. In some years, 
the number reached 10 ind./m2, which was 
sufficient for a 30% suppression of the weed 
in the phase of 6-8 true leaves.

For more effective weed control, a larger 
amount of herbiphage is required than it can 
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be developed in the natural conditions of the 
Krasnodar Territory. Therefore, additional 
breeding of T. candefacta in artificial conditions 
(laboratory or specialized biofactory) is 
necessary.

This work aims to improve the method of 
seasonal colonization of the ragweed moth 
T. candefacta, based on the early mass 
cultivation of the herbiphage on an artificial 
nutrient medium and its dispersal at the 
beginning of the growing season of ragweed.

MATERIALS AND METHODS

The development of a seasonal colonization 
method includes:
- a collection of caterpillars of T. candefacta 
of III – V age in the autumn period, with their 
subsequent rearing in the laboratory on the 
ANM until pupae are formed;
- placement of pupae for storage in vessels 
with calcined river sand at a temperature of + 
3 + 5 ° C, relative humidity of 70-80%, where 
they are stored until February;
- reactivation of pupae in a climatic chamber 
at temperatures up to 23-25 ° C.

The butterflies were kept at a temperature of 
23-24 ° C., a day length of 18 hours, and an 
air humidity of 70-80% in glass jars. Several 
pairs of butterflies were placed in each jar 
and fed with a 5% aqueous solution of sugar. 
Filter paper folded like an accordion for egg-
laying was placed inside the jar. In 3-4 days 
after the emergence of butterflies, egg-laying 
begins, which lasts 4-6 days. The eggs were 
incubated at 23-25 ° C and 60-70% humidity. 

The hatched caterpillars were placed on the 
ANM, where they were reared until age III, 
and then released on young ragweed plants 
during the germination period. Mass rearing 
of the ragweed moth on ANM was carried 
out in cages with the size of 30x40 cm, which 
were covered with a perforated plastic wrap to 
prevent the food from drying out.

When developing artificial nutrient media, 
the caterpillars of the experimental and 
control variants were kept in Petri dishes at a 
temperature regime (+ 25-26 ° C), relative air 
humidity of 70-80%, and natural light; the food 
was changed once a day. Experiments were 
performed in six replicates, with 4-5 hatched 
individuals in each replication. Caterpillars of 
older ages, due to inherent cannibalism, were 
kept individually in a separate Petri dish.

The artificial feed quality was assessed 
according to the biological indicators of the 
development of caterpillars I-II; III-V ages, the 
mass of caterpillars and pupae.

In experiments on the development of an 
artificial nutrient medium for breeding T. 
candefacta under laboratory conditions, the 
following composition was used as a basis: 
dry ragweed leaf, soybean meal, dry brewer's 
yeast together with B vitamins, gelatin, 
formalin, sorbic acid and water (Agasyeva et 
al., 2017.). To improve the ANM, milk powder 
was added to its composition in 0.1 g, 0.3 g, 
0.5 g, and 1.0 g. As a control, natural food 
was used - Ambrosia artemisiifolia L plants. 
The composition was also tested with the 
addition of a vitamins mixture: riboflavin - 
0.0002%, cyanocobalamin - 0.0005%. The 
aqueous solution of the mixture was used at a 
concentration of 0.3; 0.5; 1.0; 1.5; 2.0%. ANM, 
which does not contain vitamins, served as a 
control.

Fifteen minutes before preparing the medium, 
the required amount of gelatin was weighed 
and soaked in cold distilled water. The listed 
components were dosed and mixed. After 
mixing all the ingredients, we added gelatin, 
formalin with sorbic acid, and water, then 
the medium was brought to a homogeneous 
consistency (Agasyeva et al., 2017).
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To study the effectiveness of the colonization 
method, which consists of developing starting 
colonies of the ragweed moth and releasing 
them into natural conditions, caterpillars of 
II-III ages grown on ANM were uniformly 
released into the centers of seedlings of 
Ambrosia artemisiifolia L. in the third part of 
April. The experiment was carried out during 
2016 to 2019 on the basis of a ten-field grain-
row crop rotation at the Federal Research 
Center of Biological Plant Protection (Central 
zone of Krasnodar Krai, Russia). The area of 
the site where the foci with ragweed plants 
were located and the release of T. candefacta 
was carried out was two hectares.

RESULTS

The nutritional requirements of insects 
encompass the complex of chemical and 

physical characteristics of the food that 
ensure their normal growth and development. 
The former includes proteins, carbohydrates, 
lipids, vitamins, mineral salts, water, various 
phage stimulants, etc. The latter is reduced to 
the structure and consistency of food, which 
determine its availability and suitability for an 
insect.

We included milk powder as a protein and 
amino acids source in the ANM composition. 
The results given in table 1 indicate the 
possibility of growing the ragweed moth 
caterpillars, before pupae formation, on a 
medium containing milk powder as a source 
of proteins. As a result of growing the ragweed 
moth caterpillars on the developed ANM, the 
nutrient medium’s composition effectively 
improves the main biological indicators of 
the growth and development of the bioagent 
(Table 2). 

Experiment 
option

Powdered 
milk, g,
100 g of 
medium

The number of 
caterpillars in 

the experiment, 
ind.

Were fed till the age, % Weight of
pupae,

mg

Average duration of 
development before 

pupae formation, days.III IV V

1 0,1 30 72,0a* 58,0 ab 52,0 a 38,7 c 28,0 b

2 0,3 30 72,0 a 60,0 b 58,0 ab 36,7 b 27,3 ab

3 0,5 30 80,0 b 68,0 c 62,0 b 41,3 d 25,7 a

4 1,0 30 68,0 a 52,0 a 38,0 c 27,3 a 30,7 d

Control - 30 96,0 c 88,0 d 72,0 d 48,7 e 20,7 c

Table 1. The effectiveness of feeding the ragweed moth caterpillars with the inclusion of powdered milk in 
the composition of the ANM

*Note: there are no statistically significant differences according to Duncan's test at the 95% probability level between 
the options marked with the same letter indices when compared within the columns.

Experiment 
options

Survival of 
caterpillars up 

to age V, %

Average 
duration of 

development, 
days

Average mass of 
caterpillars, mg.

Weight 
of

pupae,
mg

Number of 
winged 

butterflies, 
%III age V age

ANM 75,0 b 9,0 a 24,8 a 58,0 a 55,6 a 90,7 b

Control 
(natural 
feed).

71,7 a 9,0 a 25,2 a 59,8 b 56,8 b 86,7 a

Table 2. Biological parameters of the growth and development of the ragweed moth (Tarachidia candefacta 
Hubn.) when grown on ANM of the original composition.

*Note: there are no statistically significant differences according to Duncan's test at the 95% probability level between 
the options marked with the same letter indices, when compared within the columns.
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According to our observations of the biological 
development of T. candefacta in the natural 
conditions of the Central zone of Krasnodar 
Krai, it was found that pupae overwinter, and 
butterfly flying is observed at the end of the 
first part of May. After mating, egg-laying 
is observed on the fourth day; eggs are 
attached to the leaves and stems of ragweed. 
Reproduction of moths is, on average, 300 
eggs. One caterpillar can destroy 3-4 young 
ragweed plants with 3-4 true leaves, two 
caterpillars suppress the development of one 
ragweed plant that has reached the phase of 
eight true leaves, and ten caterpillars lead to 
the death of one plant in the budding phase 
(30-35 cm high). The offspring from one 
pair of ragweed moth butterflies within two 
generations can completely destroy ragweed 
in the early stages of development on an area 
of 1 m2. The average daily food requirement of 
4th age caterpillars is found to be 60 mg.

DISCUSSION

Proteins and amino acids have a decisive 
influence on the growth and development of 
insects. They serve as the basis for building 
the insect's body. There is a direct relationship 
between the amount and quality of proteins in 
food and the fertility of phytophagous insects 
(Edel'man, 1972).

With the inclusion of 0.5 g of powdered milk 
per 100 g of the medium, the mass of pupae 
was 41.3 mg on natural food with 48.5 mg, 
and the average duration of development was 
25.6 days and 20.5 days, respectively. These 
indicators show the advisability of including 
powdered milk in the composition of the ANM 
as a source of protein.

To activate the vital activity of the ragweed 
moth caterpillars and increase their viability, 
vitamins must be added to the artificial feed. 
They regulate the activity of enzymes and 
carbon metabolism, control tissue respiration 

and metabolism in general, and positively 
affect the growth and development of insects.
It was found that the use of a complex of 
vitamins in the ANM improves the biological 
parameters of growth and development of the 
ragweed moth. The best results were obtained 
with a 1.5% concentration of vitamins. The 
viability of caterpillars was 85.3%, 39.6% 
higher than the control variant; the duration 
of insect development decreased by 3.8 days 
compared to with the control (ANM without 
vitamins).

The results obtained showed that the lack or 
excess of vitamins is likely to lead to metabolic 
disorders in caterpillars, which causes a 
decrease in the biological indicators of the 
growth and development of the herbiphage.

By replacing wheat germ - the most commonly 
used ingredient in ANM by a number of 
researchers - with soybean meal (which has 
an optimal ratio of amino acids as a protein 
ingredient), we have obtained a high-quality 
medium balanced in terms of protein and 
amino acid composition.

Caterpillars of herbiphage grown on ANM 
were used to suppress ragweed on the 
experimental plot. Colonized caterpillars 
evenly crawled along with the ragweed 
shoots, fed there for two and a half weeks, and 
went into the soil for pupation. In the artificial 
reserves of the ragweed moth, the seedlings 
of the weed were almost destroyed, and the 
remaining ones lagged significantly in growth 
and development compared to the control 
plants, where the release of the release of the 
herbiphage was not carried out. 

The first caterpillars of the new generation 
were observed at the places of introduction in 
late May and early June. After five days, their 
numbers averaged 2-3 caterpillars per one 
oppressed plant. By this time, the beginning 
of mass flying of the natural population of 
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the ragweed moth was observed, which led 
to an intensive increase in the population 
density of the bioagent, which determines an 
artificial shift in the phenophase of herbiphage 
development and high biological efficiency 
against juvenile ragweed phases.

After butterflies mating, egg-laying is 
observed on the fourth day. The eggs are 
attached to the leaves and stems of ragweed. 
Reproductiveness of female moths was noted 
at the level of 200-300 eggs.
As a result of the experiment, it was found that 
to suppress the growth of ragweed in the plant 
phase of 5-8 leaves by 50%, at least 20 ind./
m2 of T. candefacta caterpillars are required, 
which leads to inhibition of plant development 
and prevents the flowering process.

CONCLUSIONS

The possibility of mass breeding the ragweed 
moth on an artificial nutrient medium under 
laboratory and production conditions will 
allow early colonization of the ragweed moth 
caterpillars in the places where the first 
ragweed shoots appear.

A method of seasonal colonization of the 
ragweed moth was developed based on the 
early mass cultivation of herbiphage and its 
release at the beginning of the weed growing 
season. It is associated with an artificial shift in 
the phenophase of the ragweed moth, which 
makes it possible not only to suppress the 
weed in the early phases of development but 
also to control the number and useful activity 
of the herbiphage.
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