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Abstract--- The present article focuses on the features of the propagation of ascospores of the sunflower 

phomopsis pathogen in the surface layer of the atmosphere, depending on meteorological conditions, taking into 

account the development of the fungus in pure culture and on sunflower mulch in southern Russia. The maximum 

average growth of the mycelium of the fungal isolates transferred to the pure culture from the diseased sunflower stems 

harvested in different regions of southern Russia was observed at temperatures of 25 and 30
o
C, between which no 

statistically significant differences were found. The minimum mycelium growth was detected at a temperature of 

32
o
C; its average value was statistically significantly different from the two previous temperatures. However, both 

at 30
°
C and at 32

°
C, pycnidia did not form, and, therefore, perithecia could not form either. Ascospores, 

propagating from an artificially created focus of infection, were detected in sunflower crops with the help of special 

spore traps. It was established that the propagation of ascospores of the sunflower phomopsis pathogen in the 

surface layer of the atmosphere depended on the degree of infection development on the plant mulch as well as on 

hydrothermal environmental factors. The propagation started 1-3 days after even minimal precipitation (0.05 mm or 

less) in a wide range of average daily relative humidity (38-80% or more), at an average daily temperature (13-

30
°
C) and hydrothermal coefficient of more/equal or less than 1. The largest number of days with the presence of 

ascospores in the surface layer of the atmosphere was at the highest relative humidity (66-80 % and more). 

Prolonged atmospheric and soil droughts that had a particularly dangerous duration (drought lasted 45 days), 

accompanied by elevated daily average temperatures (30
°
C or more) during the growing season of sunflower, 

followed by severe, snowless winter periods, led to the death and cessation of pycnidia formation. However, these 

phenomena initiated a significant increase in the number of ascospores in the surface layer of the atmosphere. 

Abnormally high average daily temperatures (30 °C or more), relative air humidity from 38 to 50% during the 

growing season of sunflower led to a significant decrease in the propagation of infection.  

Keywords--- Ascospores, Perithecia, Pycnidia, Propagation, Mulch, Phomopsis. 

I. INTRODUCTION 

The accurate taxonomic trivial status of sunflower phomopsis pathogen, which is micromycete Diaporthe 

(Phomopsis) helianthi Munt.- Cvet., Mihaljc. & M. Petrov, was specified by Yugoslavian researchers in 1981 [1]. At 
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the anamorphous developmental stage, the fungus forms on the plant mulch diseased by phomopsis the picnidia 

which contain only β-conodia – single-celled, colorless, elongated or curved cells (in the form of a curved needle) of 

21.1-27.2 μm [29, 2]. According to the previous studies, the pycnidia, formed at anamorphous developmental stage 

of this fungus, usually died in winter [17]. According to other studies, conidal sporulation was found in epidermal 

and subepidermal tissues on overwinter sunflower stems. [18]. Quick change of dry and rainy weather is favourable 

to infection development on plant mulch [20]. The role of asexual sporulation remains unclear [19; 28; 46]. 

The teleomorph stage of sunflower phomopsis pathogen replaces over time the anamorph one on the plant mulch 

diseased by phomopsis, and plays the key role for survival and growing of fungus not only from year to year, but 

throughout the life of the host-plant. Ascospores are located in the asci of perithecia formed on plant mulch of 

diseased sunflower, then they are emitted through rostrum and propagate aerogenically [30]. It was experimentally 

proved that ascospores are the beginning of infection of sunflower phomopsis [19, 20].  

Phomopsis remains one of the most widespread and mostly destructive diseases of sunflower in the world. Seed 

harvest from diseased sunflower plants may be decreased by 15.9 – 64.7 % [2, 3, 4, 5]. 

According to the data from European and Mediterranean Plant Protection Organization, the sunflower 

phomopsis pathogen is presented in European countries: Bulgaria [6, 7], Croatia [8], Hungary [9], Moldova, 

Romania, Serbia, Slovakia, Spain, Ukraine, Italy, Russia and France. In Asia, it is spread Pakistan, in Africa – 

inMorocco, in South America – in Argentina and Venezuela, in North America – in Mexico, in the USA - in 

California [10], Illinois [11], Minnesota, Ohio and Texas [12].  

Phomopsis was included in the USSR quarantine list in 1986, and firstly found in Russia in 1990 [13].  

In spite of climate conditions changing in the South of Russia in the direction of the drought with abnormal high 

temperatures and unstable relative air humidity, which are not favourable for pathogen vital activities, the plants 

diseased by phomopsis are constantly presented in sunflower crops of the Krasnodar Territory creating a potential 

hazard especially in certain areas [14]. This shows the adaptation of fungus biotypes to unfavourable factors [31]. 

Currently, other species of sunflower phomopsis pathogen were found by biomolecular analyses first in Australia 

and then in other countries. There are α as well as β-conidia in pycnidia of these species [15, 16]. In Russia during 

research works (2005 – 2012 years), only one species of phomopsis pathogen D. (Ph.) helianthi was identified on 

sunflower plant mulch with typical symptoms of phomopsis disease as well as on the species used in our study as 

infection source [16]. 

Many researchers have studied the impact of different temperatures and sunlight on the growth and development 

of fungus in pure culture. It was established that fungus isolates from different geographical locations cultivated on 

the same medium differ in the growth speed of mycelium. Thus, no pathogen growth was observed at + 5
o
C and + 

37
o
C. Slow fungus growth was at + 15, + 20 and + 33

o
C, and optimum temperature range for pathogen development 

was + 23-27
o
C. Optimum temperature range for fungus isolates from Moldova and Odessa was + 23-30

o
C [32]. 

Isolates from different geographical locations cultivated on the same medium differ not only in the growth speed of 

mycelium but also in color, type and structure of colonies [33; 34; 35; 32]. 



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020 

ISSN: 1475-7192 

DOI: 10.37200/IJPR/V24I5/PR2020188 

Received: 12 Mar 2020 | Revised: 28 Mar 2020 | Accepted: 06 Apr 2020                                                                       4756 

The variability of phomopsis isolates by mycelium growth speed in pure culture and their grade of 

aggressiveness for vegetative sunflower plants have been studied by many authors. It was proved by French 

researchers that the mycelium growth speed on artificial medium doesn’t correlate with the spot size on the diseased 

sunflower stems [36]. It was established by American researchers that the impact of weather conditions on the 

aggressiveness of phomopsis isolates is greater than their geographical origin [37]. Russian researches showed that 

the aggressiveness of phomopsis isolates from different geographical locations is more due to toxicity of their 

cultural filtrate than to the growth speed of mycelium іn vitro [38]. 

Light has a positive impact on fungus growth speed, its mycelium density and the population of pycnidia. The 

duration of the photoperiod impacts on pycnidia development, with the increase of which up to 10-12 hours the 

number of fungus fruits also increases [39]. 

Formation of fungus teleomorph stage on potato dextrose agar (PDA) and wort agar medium was recorded on 

the 32-34 days [1; 29; 40; 17]. Perithecia were formed on artificial medium containing a variety of microelements, 

aminoacids and vitamins, and on sterile fragments of different plants. The obtained results showed that the content 

of medium is not a key factor in teleomorph formation [41; 42; 43; 44; 45]. 

The initial development of fungus on sunflower plant mulch begins with mycelium growth. With significant 

increase of mycelium mass, entwinement and aggregation of hypha occur what leads to the formation of pycnidia 

initial cells. In future, they transform to pycnidia.  

Pycnidia, brown-grey or black in color, spherical in shape, 170-320 μm in diameter, are formed in the end of 

August – September at high 70 % humidity level and 20-28
o
C. Pycnidia are formed in epidermal and subepidermal 

tissue of sunflower stem, individually or in groups, on or under the surface. β – spores developing in pycnidia in 

moist conditions emerge from stomato of mature pycnidia in the form of creamy white exudate creating a drop 

above it [49; 50; 46; 51].  

Under natural conditions, the formation of organs of the teleomorph stage, perithecia, occurs in phloem and 

pericycle of sunflower stems during the autumn-spring period. Therefore, perithecia prevailed on plant mulch 

harvested in spring, while pycnidia were found on stems harvested in early winter [18; 48]. Perithecia have irregular 

rounded shape, 150-430 × 180-850 μm, mainly black. They are formed on diseased sunflower stems located on the 

soil surface. The length of rostrum is very variable and usually ranges from 260 to 850 μm. Ascospores are formed 

in asci, which are club-shaped. The size of asci is 44-67.5 × 4.5-12.0 μm, each of which contains ascospores [2; 53]. 

Mycelium growth and formation of fungus fruits precede the mature perithecia formation and then its emission 

through rostrum which is followed by the propagation of ascospores in the surface layer of the atmosphere. 

With artificial inoculation of young sunflower plants by β-conidia or ascospores of fungus, the disease is 

developed only in the latter case [19; 47; 52]. Quick change of dry and rainy weather is favourable to infection 

development on plant mulch [20]. The role of asexual sporulation remains unclear [19; 28; 47]. 

For the timely and effective protection of sunflower against phomopsis, it is necessary to determine the flight 

time of disease pathogen ascospores [17]. Therefore, the features of the propagation of the ascospores of the 
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sunflower phomopsis blight pathogen in the surface layer of the atmosphere (flight) have been studied since the 

1980ies of the past century to the present [46; 21]. As a result of these studies, disagreements appeared about the 

role of hydrothermal coefficient (HTC) as a limiting factor of ascospores flight [21, 22].  

It was established that propagation of the ascospores of the sunflower phomopsis panthogen under Italian 

conditions is the function of rains and temperature [23]. 

To summarize the analyses of the presented information sources, it can be concluded that the biology of the D. 

(Ph.) helianthi fungus development has been studied in detail. However, the studies of ascospores propagation in the 

surface layer of the atmosphere were done in the 1980ies of the past century when extreme weather conditions were 

not so represented as in the beginning of 21
st
 century.  

The impact of different temperatures on the growth and development of isolates of sunflower phomopsis 

pathogen from different geographical locations have been studied by Russian and foreign authors. But despite this, 

there is a small amount of studies on pathogen isolates from different regions of the South of Russia. 

Identification of common factors of ascospores propagation in the surface layer of the atmosphere depending of 

the meteorological conditions, taking into account the extreme impact of climate change in the surface layer of the 

atmosphere will allow to evaluate objectively the sunflower phomopsis pathogen development and create more 

effective protection of crops from disease.  

The purpose of this work is to study the features of the propagation of the ascospores of phomopsis pathogen in 

the surface layer of the atmosphere, taking into account the fungus development in pure culture and on sunflower 

mulch in the conditions of the South of Russia on the example of Krasnodar city.  

II. MATERIALS AND METHODS 

Laboratory experiment on the impact of different temperatures and constant illumination (3000 lux) on the 

growth rate of D. (Ph.) helianthi isolates colony formed in Petri dishes on potato dextrose agar medium (PDA) and 

located in Sanyo (Japan) climate chambers. Medium preparation and phomopsis pathogen inoculation on the 

medium were performed according to the methodological procedures developed in All-Russian Research Institute of 

oil plants, Krasnodar city [31]. 

Fungus isolates were transferred into pure culture from diseased sunflower stems harvested in different regions 

of southern Russia Table 1.  

Table 1: Phomopsis Pathogen Isolates Transferred from Diseased Sunflower Plants Harvested in Different Regions 

of Southern Russia  

# isolate  Region of harvest  Hybrid/sunflower variety* 

6 Krasnodar suburbs hybrid NSH-630 

23 Krasnodar suburbs variety Р-453 

48 Gulkevychsky district, Krasnodar Krai hybrid ПР64А83 

49 Mikhailovsky district, Volgograd oblast  hybrid РТ31-Х 

51 Morozovsky district, Rostov oblast  hybrid Signal 

52 Ipatovsky district, Stavropol Krai hybrid Aron 

53 Starominskoy district, Krasnodar Krai variety Р-453 

* – all hybrids and varieties of sunflower are, to varying degrees, receptive to phomopsis pathogen  
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Experiments on study of the development of phomopsis pathogen on sunflower stems (plant mulch) and 

propagation of ascospores in the surface layer of the atmosphere were performed on crop rotation fields of 

ARRIBPP (All-Russian Research Institute of Biological protection of plants, Krasnodar city). Sunflower stems with 

typical symptoms of phomopsis disease were used for studies. Focus of infection was created from these stems and 

was located on 400-800 m distance from experimental sunflower crops from the prevailing direction of the wind. 

Part of segments of these stems were placed in Kleban cassettes located on 40 cm supports under environment 

conditions available after heavy rains.  

Analyses of disease symptoms and identification of sunflower phomopsis pathogen on plant mulch were 

performed by standard methods taking into account the results of last morphological studies [24, 25].  

The growth and type of fungus fruits, as well as spores morphology formed in them, were studied on stems both 

in focus of infection and on stems located in Kleban cassettes daily after each rain during 3-4 days by the method of 

light microscopy. The part of plant mulch, which were used for creating the focus of infection, were used for the 

morphological studies of fruits and spores performed under moist conditions of artificial climate chamber. Perithecia 

ascospores emitted from the plant mulch were picked up on glycerin-gelatin solution-covered glasses above the 

focus of infection in the same period after rain using DIPCS (device for the identification of plant contamination 

with spores, Russia). Propagation of the ascospores in the surface layer of the atmosphere above experimental crops 

of sunflower was recorded using ST-1 (spore trap, Russia) which were placed with a spacing of 0.5 ha at height of 2 

m above the soil surface in the center of the experimental sunflower field [26].  

Ascospores identified by described methods were studied using light microscopy and compared with the ones on 

ST-frames. Frames in spore traps were changed daily at the same time.  

The number of ascospores on inspection surface of ST-frames was calculated using light microscopy and 

identified by special formulas [26]. 

Temperature, relative air humidity and number of precipitations were recorded daily on meteorological station 

located on the same territory as experimental fields. The hydrothermal coefficient (HTC) was used as complex 

indicator of moisture conditions which was calculated by Selyaninov formula [27]. 

The average number of ascospores propagated per day was calculated only on the days of their propagation on 

average per month of sunflower growing season for each year of study, and also for each month of the growing 

season (May – August) on average for all years of study (2005-2009; 2011-2012). The obtained data of laboratory 

study and average number of ascospores on the days of their propagation, and also the corresponding values of HTC 

were statistically processed and represented by diagram with confidential intervals using Statistica 6 program. The 

average values of the number of days with ascospores were distributed on different intervals of the daily average 

relative air humidity. The average number of rains and days with ascospores in the surface layer of the atmosphere 

during sunflower growth season was identified. The received data was statistically processed using Microsoft Office 

Exel 2003 program and represented in tabular form with average values and their standard errors. 
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III. RESULTS  

At an optimum temperature of 25
о
С for the growth of the fungus, on the second day of cultivation isolates No. 6 (34.5 

mm) and No. 53 (31 mm.) had the rapid growth of colonies. The colonies sizes of isolates Nos. 48, 49, 51 and No. 52 were 

26.5 – 29.6 mm. On the fourth day of cultivation, the colonies diameter of isolates No. 49 (81.4 mm) and No. 53 (81.2 

mm) exceeded the sizes of other isolates. The colonies sizes of isolates Nos. 6, 48, 51 and 52 were 78.3 – 79.9 mm. The 

slow growth of the mycelium was observed in isolate No. 23. On the second day, its diameter was 22.0 mm and on the 

fourth day it was 68.8 mm. On the fifth day after plating, the colonies of all isolates completely covered the surface of the 

medium in Petri dishes and their diameter was 90 mm.  

At an unfavourable temperature of 30
o
C for the growth of the fungus, on the second day of cultivation, isolate No. 49 

(27.2 mm) had the rapid growth of colonies. The sizes of its colonies exceeded the colonies sizes of isolates No. 23 (22.0 

mm) and No. 51 (26.5 mm) on the second day of their cultivation at an optimum temperature of 25 
о
С. The colonies size 

of isolates Nos. 48, 52, 53 varied from 20.6 to 24.6 mm. On the fifth day of cultivation the colonies diameter of isolates 

No. 49 (79.0 mm) and No. 52 (79.7 mm) exceeded the sizes of other isolates. The colonies sizes of isolates Nos. 48 and 53 

were 78.0 and 78.7 mm respectively. The slow growth of the mycelium was observed in isolates Nos. 6, 23 and 51. On the 

second day, the diameter of their colonies was 19.4, 15.1and 18.9 mm and on the fifth day it was 74.5, 61.0 and 73.2 mm 

respectively. Six days after the plating, the colonies of isolates No. 6, No. 48, No. 49, No. 51, No. 52, No. 53 completely 

covered the surface of the medium in Petri dishes. The mycelium of isolates No. 23 had a diameter of 90 mm only on the 

seventh day of cultivation.  

The inhibition of the mycelium growth rate of all isolates was observed at a temperature of 32
o
C. Isolate No. 48 had a 

rapid growth of colonies in comparison with other isolates. On the second day of cultivation, its diameter was 11.9 mm 

and the fifth day was 23.8 mm. On the fifth day of cultivation, isolates Nos. 23, 49, 51, 52, and 53 had the colonies sizes of 

20.1 – 21.8 mm. On the twelfth day of cultivation the colonies, the diameter of isolates, No. 48 (72.5 mm) and No. 49 

(70.4 mm) exceeded the sizes of other isolates. The colonies size of isolates Nos. 23, 51, 52 and 53 varied from 49.9 to 

69.7 mm. The slow growth of the mycelium was observed in isolate No. 6. On the second day of cultivation, its diameter 

was 9.9 mm; on the fifth day, it was 15.8 mm and on the twelfth day, was 43.7 mm. On the 14th day of cultivation, the 

isolates colonies were 83.8 and 81.2 mm respectively. The colonies sizes of other isolates (Nos. 6, 23, 49, 51 and 53) 

varied from 62.3 to 79.6 mm. On the 15th day of cultivation, the mycelium of isolates Nos. 48, 49, 52 and 53 completely 

covered the surface of the medium in Petri dishes. The colonies of isolates Nos. 6, 23, 51 had the diameter of 90 mm only 

on the seventh day of cultivation.  

The most unfavourable temperature for the growth of the fungus was 35
о
С. On the third day of cultivation, the growth 

of the fungal colonies stopped and the next four days it was not observed.  

The most favorable temperature for pycnidia formation was 25 
o
C. The pycnidia formation, as a rule, coincided with the 

filling of the medium in Petri dishes with the mycelium of the fungus. The isolates were different from each other by 

quantitative ability of pycnidia formation on the PDA medium. On average, isolate No. 48 formed 15-20 % more pycnidia 

than other isolates (Nos. 6, 23, 49, 51, 53). All studied isolates did not form pycnidia at high temperatures of cultivation.  
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The mycelium colour of the geographical isolates varied from gray-white to white and had a tomentous or 

procumbent shape.  

The fungus growth assessment was done with the help of two-factor cross analysis of variance which is shown in 

Table 2. 

Table 2: Two-factor Cross Analysis of Variance of the Fungus Growth with the Factors ―isolate‖ and ―temperature‖ 

Variability  df mS Ff F05 Dispersion Portion% 

Common  139    840.50 100 

Between isolates  6 184.69 0.251 2.16 0.00 0 

Between temperatures  2 5570.79 7.560 3.06 103.58 12.3 

Correlation  12 52.00 0.071 1.82 0.00 0 

Residual 119 736.91   736.91 87.7 

Note: df - degrees of freedom; mS - mean square; F - Fisher's variance ratio; dispersion - deviation from the 

mean value; portion - the portion of factor variability in the total variability of the factor 

The results of variance analysis show the effect of only the temperature differences (Ff ≥ F05). At the same time, 

their portion of factor variability is 12.3%. 

The pattern of the differences as comparison of average values is shown in Table 3. 

Table 3: Multiple Rank Test Comparing the Effect of Different Temperatures on the Average Growth of the Fungal 

Colonies 

Temperature  

 
o
C 

Average growth,  

mm 
Rank test  

32 37.49   **** 

30 49.46 ****  

25 59.76 ****  

Note: The position of asterisks on the different vertical lines points to the significance of average differences  

According to the Table 3, the maximum average growth of the fungus was observed at temperatures of 25 and 

30
o
C between which no statistically significant differences were found. The minimum fungus growth was detected 

at a temperature of 32
o
C; its average value was statistically significantly different from the two previous 

temperatures. 

It was established that in 2005 during the growing season of sunflower, on the plant mulch of the infection focus, 

first appeared the pycnidia which contained only β – conidia, referring to D. (Ph.) helianthi. Pycnidia were localized 

in the primary infection areas of sunflower stems - leaf axils. The first mass propagation of ascospores occurred on 

August 13 when there was the replacement of pycnidia in the leaf axils of the plant mulch by perithecia. In the 

following years (2006, 2007), there was the formation of both pycnidia focus, which propagated on the plant mulch 

already beyond leaf axils, and perithecia, which replaced them after a while in the same year. 

The winters of 2005 and 2007 were short and mild. In 65% of winter ten-day periods, the average temperatures 

were 1-3
о
С higher than normal. There was no a sustainable transition through 0

о
С. The alternation of short frosty 

and long thawing periods was observed. In 2006, winter was abnormally cold but snowy; the depth of snow cover 
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was 30 cm. The negative abnormalities of ten-days temperatures were 10
о
С and the accumulated negative 

temperatures (winter severity index) were 256 
о
С, with the normal value of 153 

о
С. After these overwintering 

conditions of sunflower mulch, pycnidia continued to appear, and since 2006, the propagation of ascospores has 

occurred from the first month of the sunflower growing season (May) to its end (August). 

It was established that from 2005 to 2007 the average number of ascospores (thousand pieces per day) during the 

growing season did not differ significantly. Hydrothermal coefficient was 1 only in 2006 and 2005, while in2007 it 

was less than 1. It was particularly dry in 2007 (hydrothermal coefficient = 0.3). It should be noted that in 2007 there 

were prolonged atmospheric and soil droughts that had a particularly dangerous duration in August (drought lasted 

45 days). This contributed to a noticeable decrease in the formation of pycnidia on the plant mulch (only isolated 

pycnidia were observed) 

The winter of 2008 lasted 52 days and had a small amount of snow with a small and short occurrence of snow 

cover. In a snowless period (30 days), the temperature of the soil surface during 18 days decreased to 10-16° below 

zero. With the beginning of the growing season in this year, pycnidia on the plant mulch did not appear more, and 

the population of propagating ascospores in the surface layer of the atmosphere increased having the maximum 

value for an entire previous period. 

The data on the peculiarities of the propagation of the ascospores of the sunflower phomopsis blight pathogen in 

the surface layer of the atmosphere and the changes of hydrothermal coefficient average values depending on the 

year of the research are presented in Figure 1.  

The winter periods from 2009 to 2011 were short and mostly warm. In some days, the maximum temperature 

was 13-18°C above zero. In 2011, the minimum temperature on the soil surface was 7-13°C below zero during 23 

days, and in 2012– 10-15 ° C below zero during 6 days. The accumulated negative temperatures were 212°C. 

In May, the average monthly temperature during the growing season of sunflower was, as a rule, less than in 

other months but exceeded a longstanding average monthly temperature from 16.9
о
С to 4

о
С. In June, July and 

especially in August, the average monthly air temperature exceeded the normal value by 1 – 4
o
C. 

As for the growing season, in 2009 precipitation (270 mm) was close to normal. In 2011 and 2012, the amount of 

precipitation for the growing season did not exceed 70 % of the norm. Hydrothermal coefficient was less than 1. 

However, there was the propagation of ascospores. Their population was not significantly different from that 

detected in 2008. However, a downward trend occurred (Figure 2). 

In August throughout the research period, there was light precipitation or no precipitation for a long time. 

Average daily relative humidity decreased to 38-50%, and a temperature was 30°C or more. The minimal 

hydrothermal coefficient in August was 0.2. 

During the growing season of sunflower, the average daily relative humidity varied from 38 % to 80 % or more. 

The consideration of such average daily relative humidity intervals as 38 – 59, 60 – 65, 66 – 80 and more has shown 

that the largest number of days with the presence of ascospores in the surface layer of the atmosphere was in the 

range with the highest relative humidity (Table 4). 
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Table 4: The Number of Days with the Presence of the Ascospores of the Sunflower Phomopsis Blight Pathogen in 

the Surface Layer of the Atmosphere Depending on Relative Air Humidity  

Average daily relative 

humidity, % 

The number of  

days with ascospores in the 

atmosphere 

rains in the growing 

season 

days with ascospores during 

the season 

66 – 80 and more  22.0 ± 1.4 22 ± 2.4 

 

30 ± 1.7 

60 – 65 5.0 ± 0.8 

38 – 59 3.0 ± 1.2 

The propagation in the surface layer of the atmosphere started, as a rule, 1-3 days after precipitation (100% of 

cases). After one rain, there could be more than one propagation of ascospores in the same intervals after the 

previous one, as the first propagation after rain until the next precipitation. Therefore, in the table the number of 

days with ascospores in the surface layer of the atmosphere for the season exceeds the number of rains. It was 

impossible to determine how long it could last because of the following rains. If rains were several days in a row, 

then the days of the propagation of ascospores followed in a row after the last rain of them or began in one of the 

last days with small precipitation. In cases of heavy prolonged rains, the propagation of ascospores was delayed for 

3-4 days in comparison with the established date after the end of rain. 

IV. DISCUSSION OF RESULTS 

The study of the fungal isolates growth transferred to the pure culture from the diseased sunflower stems 

harvested in different regions of southern Russia has shown that the maximum average growth of the mycelium of 

the fungal was observed at temperatures of 25 and 30
o
C, between which no statistically significant differences were 

found. The minimum mycelium growth was detected at a temperature of 32
o
C; its average value was statistically 

significantly different from the two previous temperatures. However, both at 30°C and at 32°C, pycnidia did not 

form, and, therefore, perithecia could not form either. 

The research of the ascospores propagation of the sunflower phomopsis blight pathogen in the surface layer of 

the atmosphere during 7 years showed that it depended on the state of infection on the plant mulch and 

meteorological conditions. 

The propagation of ascospores of phomopsis pathogen started after a replacement of pycnidia by perithecia on 

the plant mulch of sunflower with typical symptoms of lesion by phomopsis. It occurred in the considered 

conditions in the same year when pycnidia formed. Pycnidia survived winter if it was warm (2005 and 2007). They 

could survive a severe winter with the snow cover of 30 cm (2006). In the information sources [17, 18], there were 

contradictory data due to the fact that during their research there were no described weather factors (the researches 

were less prolonged) and were carried out in the 1980ies. The conditions have changed a lot for the last period in the 

direction of frequent prolonged droughts, accompanied by extremely high temperatures (30°C or more). In addition, 

the fungus, adapting to changing conditions, got new properties. There are the evidences of the researches in vitro. 

Pycnidia stopped to form after prolonged atmospheric and soil droughts that had a particularly dangerous 

duration (drought lasted 45 days) during the growing season of sunflower (2007) followed by severe, snowless 
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winter periods (2008). At the same time, these phenomena led to a significant increase in the number of ascospores 

in the surface layer of the atmosphere.  

It was established that ascospores propagate in the surface layer of the atmosphere at hydrothermal coefficient 

equal and less than 1. It shows a high degree of the fungus adaptation to conditions changing in the direction of 

drought. 

The minimal precipitation (0.05 mm or less) was detected after which the propagation started. The minimal 

temperature was established at which the propagation of ascospores in the surface layer of the atmosphere started. 

The interval between the end of precipitation and the beginning of the ascospores propagation was determined. It 

was established that the largest number of days with the presence of ascospores in the surface layer of the 

atmosphere was at the highest relative air humidity (66-80% and more). It shows the importance of high relative air 

humidity for the propagation of ascospores. Moreover, precipitation, as a rule, accompanied by elevated relative air 

humidity at which, as was shown, the maximum number of days with ascospores in the surface layer of the 

atmosphere is observed. 

These parameters are important for preventive of sunflower with protective agents, which are more effective 

than those that are used after the propagation especially after the implanting of the infection. 

V. CONCLUSION 

As a result, the maximum average growth of the mycelium of the fungal isolates transferred to the pure culture 

from the diseased sunflower stems harvested in different regions of southern Russia was observed at temperatures of 

25 and 30
o
C, between which no statistically significant differences were found. 

The minimum mycelium growth was detected at a temperature of 32
o
C; its average value was statistically 

significantly different from the two previous temperatures. However, both at 30°C and at 32°C, pycnidia did not 

form, and, therefore, perithecia could not form either.
 

The propagation of ascospores of the sunflower phomopsis pathogen in the surface layer of the atmosphere 

depended on the state of infection on the plant mulch and hydrothermal factors. It was detected for the first time (on 

August 13, 2005) after the replacement of pycnidia by perithecia of the sunflower phomopsis blight pathogen in the 

leaf axils of stems (the primary infection area) which formed the focus of infection. 

It was established that a frequent change of rainy and dry weather and especially prolonged atmospheric and soil 

droughts that had a particularly dangerous duration during the growing season of sunflower and following severe, 

snowless winter periods led to the death and cessation of pycnidia formation. However, these phenomena initiated a 

significant increase in the number of ascospores in the surface layer of the atmosphere. 

The largest number of days with the presence of ascospores in the surface layer of the atmosphere was at the 

highest relative humidity (66-80% and more). 

The propagation of ascospores in the surface layer of the atmosphere started 1-3 days after precipitation (100% 

of cases) 
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The minimal precipitation (0.05 mm or less) led to the propagation of ascospores. 

The minimal average daily temperatures of the ascospores propagation was 13
о
С. 

The decrease of the frequency and the amount of precipitation, relative air humidity to 38 - 50 %, the increase of 

the average daily temperature to 30°C or more, led to a significant decrease in the propagation of infection. 

The propagation of ascospores in the surface layer of the atmosphere occurred at hydrothermal coefficient of 

more/equal or less than 1. 
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