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Abstract: The bacterial and micromycete complexes in the rhizosphere of sun-
flower plants non-infected and infected with broomrape (Orobanche cumana
Wallr.) have been compared. The investigations were carried out in the condi-
tions of a stationary infectious field which was annually enriched with infected
plant residues and broomrape seeds collected in different regions of Ukraine. Soil
is leached, low-humic chernozem with acidic pH. The soil samples selected at the
end of vegetation from the rhizosphere of healthy and infected with broomrape
plants of sunflower breeding samples. The total number of bacteria found in the
rhizosphere of sunflower plants infected by the parasite did not differ signifi-
cantly from the control and was 11.7 and 12.1 million CFU / g of soil, respectively.
The numbers of ammonifiers as well as bacterial microflora, using for its life
mineral nitrogen, and pedotrophs and oligotrophs in the compared soil samples
did not differ significantly, and generally corresponded to this type of soil.
Although in general, both tested samples of soil were characterized by a low
content of bacteria of the genus Azotobacter, the number of representatives of
this genus in the rhizosphere of parasite-infected plants was somewhat less than
in control (35% and 21%, respectively). However, unlike most bacteria, the
number of micromycetes detected on Czapek-Dox and starch-ammonia agar
media, in the rhizosphere of plants infected by broomrape almost twice exceeded
the number of these microorganisms in the rhizosphere of healthy plants.
Analysis of the generic and species composition of microscopic fungi showed
that in the rhizosphere of sunflower plants infected by the parasite a very specific
mycocenosis was formed that differ from a mycocenosis of healthy plants. This
mycocenosis was characterized by a much smaller number of genera and species
of micromycetes. At the same time for the structure of the fungal cenosis of
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diseased plants there was a characteristic increase in the proportion of toxin-
forming fungi of the Aspergillus and Penicillium genera with active conidiogene-
sis. The obtained data testify not only to the differences in the microbial com-
plexes in the rhizosphere of sunflower plants non-infected and infected by
broomrape, but also indicate the direction of action of this parasite.
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Introduction

Intensification of sunflower cultivation in many countries as a highly profitable
oilseed crop has led to the emergence and rapid spread of broomrape
(Orobanche cumana Wallr.), which is considered one of the most dangerous
factors affecting the production of this crop (Kaya, 2014).

Broomrape is an obligate parasite from the higher flowering plants of the
Orobanchaceae family. It does not have its own roots and is completely devoid of
chlorophyll. Plants of broomrape parasitize on the roots of sunflower plants,
which leads to a significant decrease in yield, deterioration in the quality of
seeds, and sometimes even the destruction of crops (Pacureanu-Joita et al., 2012).

Seeds of broomrape grow under the influence of root secretions of sunflower.
Settled on the roots of plants, broomrape dehydrates and depletes sunflower.
Therefore, the parasite causes maximum damage under arid conditions, exacerbat-
ing the effect of drought (Antonova et al., 2012). Potentially immunity to broomrape
in sunflower can be expressed in the absence of its roots in the ability to stimulate
the germination of parasite seeds. During the conjugate evolution with sunflower,
new virulent races periodically arise in the parasitic plant, overcoming the immun-
ity of the existing genotypes of this crop. Currently, eight races of O. cumana (A, B,
C, D, E, F, G, H) are parasitic on sunflower. The most virulent G and H races, which
affect sunflower hybrids resistant to all preceding races, have already been found in
Spain, Romania, Turkey and a number of other European countries (Fernandez-
Martinez et al., 2008; Kaya et al., 2004; Melero-Vara et al., 2000; Pacureanu-Joita
et al., 2012; Shindrova, 2006).

It is known that root exudates of plants selectively affect the composition of
the microbial cenosis, acting as a growth substrate for soil microorganisms. It has
even been shown that, according to the changes in the composition of exudates in
different zones of the root of the plant, the species composition and structure of
the microbial communities of the rhizosphere of different sites can vary. In turn,
the living conditions of plants and the productivity of phytocenoses depend on
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the structure and physiological activity of the soil microorganism complex (Badri
and Vivanco, 2009; Bais et al., 2006; Mahaffee and Klopper, 1997; Yang and
Crowley, 2000).

The composition of root exudates and, as a result, the species composition
and structure of the microbial community largely depend on the nutritional
conditions of plants affected by soil type, plant age, diseases, various stress
factors (Kurdish, 2010). One of such stress factors is broomrape, which, growing
into the roots of sunflower plants, takes away water and nutrients from them,
thus often depressing them to complete destruction.

At present, much is known about the features of the structure of microbial
complexes in the rhizosphere of many agricultural plants (Babayants, 2011;
Belyuchenko, 2016; Haldar and Sengupta, 2015), including sunflower
(Kostyuchenko and Lyakh, 2017). However, there is practically no information
on whether such a root flowering parasite as a broomrape can affect a complex
of microbes that is typical of the rhizosphere of sunflower, settling on its roots.

The aim of this study was to compare the structure of the bacterial and
micromycete complex in the rhizosphere of infected with broomrape (O. cumana)
and non-infected sunflower plants, which would give an opportunity to assess the
direction of the parasite effect.

Materials and methods

The investigations were carried out in the conditions of a stationary infectious
nursery of the Institute of Oilseed Crops (IOC) of NAAS. This nursery was set in
2005 to assess the breeding samples of oilseeds to a complex of diseases. Each
year, it was enriched with infectious material (infected plant residues and
broomrape seeds) collected in different regions of Ukraine.

Agrotechnics of growing sunflower is common for the conditions of the south of
Ukraine. In the experiment, sunflower seeds were sown in a square-nested manner
(70 cm× 70cm), leaving one plant in the nest. Soil is leached, low-humic chernozem
(humus content is 3.0–4.0%), pH – 5.6. Total nitrogen content was 0.2%, absorbed
ammonium nitrogen – 18mg / kg and total phosphorus – 16mg / kg.

The soil samples selected at the end of September 2017 just before harvest-
ing from the rhizosphere of healthy and infected with O. cumana plants of
sunflower breeding samples served as the material for the study. Broomrape
plants at that time were at the stage of ripened capsules.

Sampling of soil, as well as isolation, cultivation, registration of microbial
complexes was carried out according to generally accepted methods (Mirchink,
1988; Zvyagintsev, 1991).
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Samples of rhizospheric soil (combined samples of 10 plants) from infected
and non-infected (control) plants were selected three times. The repetition of
microbiological experiments is fivefold.

To isolate bacteria and microscopic fungi from the soil, a conventional
method of serial dilutions was used, followed by seeding the soil suspension
onto nutrient media (Dudka et al., 1982).

Optimal nutrient media were used to account for the number of basic eco-
logical-trophic groups of microorganisms: for ammonifiers – meat-peptone agar
(MPA); for bacteria utilizing mineral nitrogen – starch-ammonia agar (SAA); for
pedotrophs – soil agar (SA); for oligotrophs – ‘hungry’ agar (HA); for bacterium of
the Azotobacter genus – Ashby medium; for the microscopic fungi used Czapek-
Dox medium with sucrose and starch-ammonia agar (SAA). The duration of
cultivation is 5–14days at a temperature of 28 °C.

The number of microorganisms was expressed in colony-forming units (CFU)
in 1 g of air-dry soil. The number of bacteria of the genus Azotobacter was
determined by the percentage of soil lumps fouling on Ashby medium.

To evaluate the activity of microbiological processes taking place in the
investigated soil, the following coefficients were used: mineralization-immobili-
zation, calculated by the ratio of the number of microorganisms using mineral
and organic nitrogen (SAA / MPA); oligotrophy – by the ratio of the number of
oligotrophs growing on poor media to the total number of bacteria in SAA and
MPA; pedotrophy – by the ratio of microorganisms on soil agar to the number of
microorganisms grown on MPA (SA / MPA).

To determine the similarity of the species composition of the microbiota, the
Sorensen similarity coefficient (Cs) was calculated (Megarran, 1992).

Identification of fungi carried out using handbooks and original works (Bilaj
and Koval, 1988; Domsh et al., 1993; Hoog et al., 2000; Satton et al., 2001).

The differences in number of microorganisms were defined by the t-test at
the 0.05 and 0.01 levels of probability.

Results and discussion

Number of microorganisms in rhizosphere of sunflower plants
infected and non-infected by O. cumana

The processes taking place in the soil can be estimated by increasing the total
number of microorganisms in the plant rhizosphere, since the active develop-
ment of soil microorganisms indicates a high biological potential of the soil.
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Among the existing methods for assessing the biological activity of the soil in
agrophytocenosis, the total number of microorganisms in the soil is considered
to be the most complete. The ecological condition of the soil is characterized
by qualitative and quantitative changes in the structure of the microbial
coenosis and the ratio of the number of individual ecological and trophic
groups of microorganisms reflecting the response to the action of various
factors, including anthropogenic ones (Yeshchenko, 2011).

Analysis of the quantitative characteristics of microbial communities in the
studied soils showed that the total number of bacteria in the rhizosphere of
sunflower plants infected by broomrape did not differ significantly from control
and was 11.7 and 12.1 million CFU / g of soil, respectively (Table 1).

The number of ammonifiers was quite low both in the rhizosphere of control
and infected sunflower plants, which indicates a low content of organic sub-
stances in the soil. The number of bacterial microflora, using for its life mineral
nitrogen (on SAA medium), in the rhizosphere of plants infected by O. cumana
was also at the control level.

The number of both pedotrophs and oligotrophs in the compared soil
samples did not differ, although in both cases the number of microorganisms
of the latter group were significantly larger than the first. The increase in the
number of oligotrophs indicates a decrease in nutrients necessary for the life of
the soil microbiocenosis, which is due to their trophic specificity (oligotrophic
microflora develops on poor soils) and lack of competition.

Both tested soil samples were characterized by a low content of bacteria of
the genus Azotobacter (35% in the rhizosphere of uninfected plants and 21% in
the rhizosphere of infected plants), which may be due to a rather acidic of the
soil as well as low soil moisture content in the autumn period. However, the
number of representatives of the Azotobacter genus in the rhizosphere of para-
site-infected sunflower plants was significantly less than in control.

At the same time, the number of microscopic fungi growing both on the
Czapek-Dox medium and on the SAA medium in the rhizosphere of sunflower
infected by broomrape was almost 2 times higher than the number of these
microorganisms in the rhizosphere of healthy plants. Obviously, an additional
nutrient substrate appeared in the rhizosphere of plants infected by the parasite,
creating a favorable environment for the development of this fungal microflora.

For a comprehensive assessment of microbiological processes in the studied
soils, in addition to the number of individual ecological-trophic groups, the
direction of microbiological processes was determined.

Analysis of the activity of microbiological processes in the rhizosphere of
infected by the parasite and non-infected sunflower plants showed high, but
close, mineralization-immobilization coefficients, indicating active decomposition
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and mineralization of soil organic substances in both cases. The coefficients of
oligotrophy, reflecting the degree of exhaustion in the soil of nutrients available to
microorganisms, as well as the coefficients of pedotrophy, were similar (Table 2).

Peculiarities of mycocenosis in rhizosphere of sunflower
plants infected by O. cumana

As a result of studying the species diversity of soil fungi in the rhizosphere of
sunflower plants infected and non-infected by O. cumana, we identified 45
morphological types of micromycetes belonging to Zygomycota (4) and
Deuteromycota or anamorphic fungi (41). Of these, 26 species were identified.

The analysis of the species and generic composition of fungi showed that
species belonging to the Acremonium, Aspergillus, Cladosporium, Cephalosporium,
Fusarium, Mucor, Paecilomyces, Penicillium, Rhizopus, Trihoderma, Verticillium
genera and Mycelia sterilia (white) were typical inhabitants of the investigated
soils (Tables 3 and 4).

As can be seen from the Table 3, the Aspergillus (7 species) and Penicillium
(7 species) genera were distinguished by the widest species diversity. The
generic composition of the Fusarium genus and mucoral fungi was less diverse.
The remaining genera of micromycetes were represented by 1–2 species. It
should be noted a significant reduction in the species diversity of Fusarium
genus and demacic fungi, which according to our data (Kostyuchenko and
Lyakh, 2017) are typical species for the soils of Southern Steppe of Ukraine.

Mycocenosis, formed in the root zone of healthy sunflower plants, was
characterized by the greatest species diversity (28 species), which exceeded
almost 1.5 times the number of species in the rhizosphere of plants infected by
the parasite.

An analysis of the similarity of the species composition of microscopic fungi
in the investigated soils using the Sorensen index indicates that the similarity of
micromycete complexes is at the level of 51% (Table 4).

Table 2: Microbiological parameters of soil in the rhizosphere of sunflower infected and
non-infected by O. cumana.

Plants Microbiological coefficients

mineralization-immobilization oligotrophy pedotrophy

Non-infected by broomrape , , ,
Infected by broomrape , , ,

Broomrape (Orobanche Cumana Wallr.) can Influence 151



Table 3: The genus structure of micromycete complexes in the rhizosphere of
sunflower plants infected and non-infected by O. cumana.

Genus Number of species, pcs. (%)

Total Non-infected
by broomrape

Infected by
broomrape

Acremonium  (.)  (.) –
Alternaria  (.)  (.) –
Aspergillus  (.)  (.)  (.)
Cephalosporium  (.)  (.)  (.)
Fusarium  (.)  (.)  (.)
Mucor  (.)  (.)  (.)
Paecilomyces  (.)  (.) –
Penicillium  (.)  (.)  (.)
Rhizoctonia  (.)  (.)  (.)
Rhizopus  (.) –  (.)
Trihoderma  (.) (.) –
Verticillium  (.)  (.) –
Other species  (.)  (.)  (.)
Total species   

Total genera   

Table 4: The species structure of micromycete complexes in the rhizosphere of sunflower plants
infected and non-infected by O. cumana.

Species Non-infected by
broomrape

Infected by
broomrape

Zуgomycota, Zуgomycetes, Mucorales Mucoraceae

 Mucor hiemalis + –
 M. racemosus + +
 Mucor sp.  – +
 Rhizopus nigricans – +

Hyphomycetes, Hyphomycetales Moniliaceae

 Acremonium charticola var.
subglutinans

+ –

 Aspergillus alliaceus + +
 A. candidus + +
 A. melleus + +
 A. niger + +
 A. niveus + +

(continued )
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12 species of micromycetes, such as Aspergillus alliaceus, A. candidus, A. mel-
leus, A. niger, A. niveus, Cephalosporium gramineum, Fusarium oxysporum var.
orthoceras, Mucor racemosus, Eupenicillium ochrosalmoneum, Penicillium nigri-
cans, P. solitum, Rhizoctonia (Mycelia sterilia), are common species found in the
rhizosphere of plants of both non-infected and infected by O. cumana.

Mycocenosis, formed in the rhizosphere of healthy sunflower plants, was dis-
tinguished by a variety of species of theAspergillus (6) and Penicillium (6) genera. The
proportion of these fungi was 42.9% of all the derived fungi. However, it should be

Table 4: (continued )

Species Non-infected by
broomrape

Infected by
broomrape

 A. ochraceus – +
 A. ustus + –
 Cephalosporium gramineum + +
 Paecilomyces lilacinus + –
 Paecilomyces sp. + –
 Eupenicillium ochrosalmoneum + +
 P. canescens + –
 P. crustosum + –
 P. nigricans + +
 P. solitum + +
 P. thomii + –
 Penicillium sp.  – +
 Trichoderma viride + –
 Verticillium album + –
 Verticillium sp. + –

Dematiaceae

 Alternaria helianthi + –

Tuberculariales, Tuberculariaceae

 Fusarium moniliforme var. lactis + –
 F. moniliforme var. subglutinans + –
 F. oxysporum var. orthoceras + +

Agonomycetales, Agonomycetaceae

 Rhizoctonia – Mycelia sterilia (white) + +
Other species  

Total genera (species) () ()
Sorensen similarity coefficient ,
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noted that the fungi of the Acremonium, Aspergillus (A. alliaceus, A. candidus),
Verticillium (V. albium) genera, Eupenicillium ochrosalmoneum and Mycelia sterilia
(white) dominated the soil under study. Trichoderma viride and Paecilomyces lilaci-
nus species occurred only in the rhizosphere of non-infected plants (Figure 1(a)).

Figure 1: Typical micromycetes isolated from the rhizosphere of sunflower plants non-infected
(A) and infected (B) by O. cumana.
A – 1 – Aspergillus alliaceus; 2 – Penicillium thomii; 3 – Verticillium sp.; 4 – Mycelia sterilia; 5 –
Alternaria helianthi; 6 – Aspergillus niger; 7 – Aspergillus candidus; 8 – Aspergillus ustus; 9 –
Paecilomyces lilacinus; 10 – Penicillium solitum.
B – 1 – Aspergillus alliaceus; 2 – Aspergillus melleus; 3 – Aspergillus niger; 4 – Aspergillus
ochraceus; 5 – Rhizopus nigricans; 6 – Penicillium solitum.
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In the rhizosphere of sunflower plants infected by broomrape, fungi of the
Aspergillus genus, Eupenicillium ochrosalmoneum, Penicillium nigricans, Mycelia
sterilia (white) and Rhizopus nigricans dominated (Figure 1(b)).

According to the experimental conditions, both non-infected and infected
with broomrape sunflower plants were cultivated on an artificially created
infectious background. Obviously, this was the reason for the restructuring in
both cases of mycocenosis in the direction of the accumulation of resistant
species of fungi that are able to compete actively in the conditions that have
arisen. Such species include toxin-producing micromycetes of the Aspergillus
and Penicillium genera with active conidiogenesis (Tables 3 and 4). In turn, the
mycocenosis of plants infected by broomrape also undergoes changes in com-
parison with the mycocenosis of non-infected plants, further exacerbating the
situation. Thus, in the rhizosphere of plants infected by the parasite, 10 species
belonging to the Aspergillus and Penicillium genera were identified, which
accounted for more than 50% of all identified species. In the rhizosphere of
non-infected sunflower plants, the proportion of such fungi in the mycocenosis
was significantly less. An increase in the proportion of toxin-forming fungi, and
especially fungi of the Aspergillus genus, in the rhizosphere of plants infected
with broomrape resulted in impoverishment of the generic and species compo-
sition of micromycetes (10 genera and 19 species – infected plants; 13 genera
and 28 species – non-infected plants). It should be remembered that a decrease
in the diversity of micromycetes in the rhizosphere of plants infected by broom-
rape compared with non-infected plants was accompanied by a significant
increase in their numbers (Table 1).

The foregoing indicates that in the rhizosphere of sunflower plants infected by
broomrape, a special mycocenosis is formed which is different from the mycoce-
nosis of healthy plants. In favor of this conclusion are the data of Kirilova et al.
(2018), who noted that parasitic plants can affect different groups of microorgan-
isms due to a change in the chemical composition of the root exudates.

The possibility of broomrape to influence the microbial composition of the
soil where it lives, may also suggest that this flower plant parasite has a special
chemical composition. It should be noted that the useful properties of broom-
rape due to specific chemical composition have already been appreciated by folk
healers for a long time. Moreover, it has been used both in Slavic and Eastern
traditional medicine, where the crushed plant is recommended to be used for the
treatment of wounds of various etiologies. Antimicrobial properties are
described in Orobanche ramosa, Orobanche ammophyla and are obviously
characteristic of other broomrapes (Makhlayuk, 1992).
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It is known that not only plants of the Orobanche genus, but also other
members of the Orobanchaceae family, such as Sistanche salsa, for example, are
used in traditional folk medicine. Сistanche salsa contains 5 times more bio-
logically active compounds than ginseng and exhibits strong anti-bacterial and
anti-viral effects (Hu and Feng, 2012).

Summarizing the results obtained, the following should be noted. In the
conditions of the stationary infectious field of the Southern Steppe of Ukraine,
the rhizosphere’s soil of the sunflower plants non-infected and infected by
broomrape did not differ in the number of bacteria of ammonifiers, bacteria
using mineral nitrogen, oligotrophs and pedotrophs and only revealed a decrease
in the Azotobacter quantity in the rhizosphere of diseased plants. At the same
time, in the latter case, a significant increase in the number of microscopic fungi
was detected. The structure of the fungal cenosis also underwent significant
changes, which were expressed both in the reduction of the generic and species
diversity, and in the increase in the proportion of toxin-forming fungi of the
Aspergillus and Penicillium genera, characterized by active conidiogenesis.
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Résumé

Broomrape (Orobanche cumana Wallr.) peut influencer la cénose microbienne
dans la rhizosphère du tournesol

Les complexes bactériens et micromycètes de la rhizosphère des plants de
tournesol non infectés et infectés par le broomrape (Orobanche cumana
Wallr.) ont été comparées. Les investigations ont été menées dans les condi-
tions d’un champ infectieux stationnaire enrichi annuellement en résidus de
plantes infectés et en graines de broomrape collectées dans différentes régions
de l’Ukraine. Le sol est lessivé, le chernozem à faible humidité avec un pH
acide. Les échantillons de sol sélectionnés à la fin de la végétation de la
rhizosphère des plantes saines et infectées par le broomrape des échantillons
de reproduction de tournesol. Le nombre total de bactéries trouvées dans la
rhizosphère des plants de tournesol infectés par le parasite ne différait pas
significativement de celui des témoins et était respectivement de 11,7 et 12,1
millions d’UFC / g de sol. Le nombre d’ammonificateurs ainsi que la microflore
bactérienne, utilisant pour sa vie l’azote minéral, et les pédotrophes et oligo-
trophes dans les échantillons de sol comparés, ne différaient pas de manière
significative et correspondaient généralement à ce type de sol. Bien qu’en
général les deux échantillons de sol testés aient été caractérisés par une faible
teneur en bactéries du genre Azotobacter, le nombre de représentants de ce
genre dans la rhizosphère des plantes infectées par le parasite était légèrement
inférieur à celui des témoins (35 % et 21 %, respectivement). Cependant, contra-
irement à la plupart des bactéries, le nombre de micromycètes détectés sur les
milieux Czapek-Dox et gélose-amidon-ammoniac, dans la rhizosphère des
plantes infectées par le broomrape, a presque doublé le nombre de ces micro-
organismes dans la rhizosphère des plantes saines. L’analyse de la composition
générique et de la composition spécifique de hongos microscopiques a montré
que dans la rhizosphère des plants de tournesol infectés par le parasite, une
mycocénose très spécifique diffère d’une mycocénose de plantes saines. Cette
mycocénose était caractérisée par un nombre beaucoup plus faible de genres et
d’espèces de micromycètes. Dans le même temps, pour la structure de la cénose
fongique des plantes malades, il y avait une augmentation caractéristique de la
proportion de hongos formant des toxines des genres Aspergillus et Penicillium
avec une conidiogenèse active. Les données obtenues témoignent non seule-
ment des différences de complexes microbiens dans la rhizosphère des plants
de tournesol non infectés et infectés par le broomrape, mais indiquent
également la direction d’action de ce parasite.
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Resumen

Broomrape (Orobanche cumana Wallr.) puede influir en el cenosis microbiano
en la rizosfera del girasol

Se han comparado los complejos bacterianos y micromicéticos en la rizosfera de
plantas de girasol no infectadas e infectadas con broomrape (Orobanche cumana
Wallr.). Las investigaciones se llevaron a cabo en las condiciones de un campo
infeccioso estacionario que se enriqueció anualmente con residuos vegetales
infectados y semillas de broomrape recogidas en diferentes regiones de Ucrania.
El suelo es chernozem liofilizado con pH ácido. Las muestras de suelo seleccio-
nadas al final de la vegetación de la rizosfera de las plantas sanas e infectadas
con broomrape de girasol. El número total de bacterias encontradas en la
rizosfera de plantas de girasol infectadas por el parásito no difirió significativa-
mente del control y fue de 11.7 y 12.1 millones de UFC / g de suelo, respectiva-
mente. El número de amonificantes así como también de microflora bacteriana,
que utiliza nitrógeno mineral durante su vida útil, y pedotrofos y oligotrofos en
las muestras de suelo comparadas no difirió significativamente, y generalmente
correspondía a este tipo de suelo. Aunque en general, las dos muestras de suelo
evaluadas se caracterizaron por un bajo contenido de bacterias del género
Azotobacter, el número de representantes de este género en la rizosfera de
plantas infectadas con parásitos fue algo menor que el control (35 % y 21 %,
respectivamente). Sin embargo, a diferencia de la mayoría de las bacterias, la
cantidad de micromicetos detectados en los medios de agar Czapek-Dox y
almidón-amoníaco, en la rizosfera de las plantas infectadas con broomrape,
casi excedió el número de estos microorganismos en la rizosfera de las plantas
sanas. El análisis de la composición genérica y de especies de hongos
microscópicos mostró que en la rizosfera de las plantas de girasol infectadas
por el parásito se formó una micocenosis muy específica que difiere de una
micocenosis de plantas sanas. Esta mycocenosis se caracterizó por un número
mucho más pequeño de géneros y especies de micromicetos. Al mismo tiempo,
para la estructura de la cenosis fúngica de plantas enfermas, hubo un aumento
característico en la proporción de hongos formadores de toxinas de los géneros
Aspergillus y Penicillium con conidiogénesis activa. Los datos obtenidos testifi-
can no solo las diferencias en los complejos microbianos en la rizosfera de las
plantas de girasol no infectadas e infectadas por broomrape, sino que también
indican la dirección de acción de este parásito.
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