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Abstract This paper examines the occurrence regularity and comprehensive prevention and control techniques for sunflower downy mildew. It

provides a detailed discussion of the pathogens, symptoms, and associated risks, as well as the transmission pathways, underlying causes, and

prevention and control techniques related to sunflower downy mildew. The aim is to offer valuable references and technical guidance for the

effective management of this disease.
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1 Introduction
Xinjiang is recognized as one of the three principal sunflower-pro-
ducing regions in China, encompassing a cultivation area of ap-
proximately 133 300 to 166 700 hm®. The sunflower cultivation ar-
ea in Xinjiang, along with that of the Xinjiang Production and
Construction Corps, exhibits significant annual fluctuations; how-
ever, the overall yield tends to demonstrate an upward trajectory,
largely influenced by economic incentives. In 2022, the area dedi-
cated to sunflower cultivation in Xinjiang was 121 600 hm’, of
which 32 000 hm’ (26.32% ) were allocated for oil sunflower pro-
duction. In contrast, the sunflower planting area within the Xin-
jiang Production and Construction Corps amounted to 33 600 hm®
with 8 893.33 hm’(26.52% ) designated for oil sunflower cultiva-
tion. According to the international FAOSTAT statistics database,
the global yield of sunflower seeds in 2022 was approximately
50.2 million t, with a harvested area of approximately 27. 8 million
hm’. The area dedicated to sunflower cultivation in China
has reached 1. 12 million hm’, yielding a total of 26 million t. This
positions China as the fourth largest country globally in terms of sun-
flower planting area. Additionally, the annual sales have reached 78
billion yuan, indicating a positive trend in development'"’.
Sunflower downy mildew is a prevalent disease affecting sun-
flowers, and its incidence can significantly impact both the growth
and yield of the sunflower crop. The incidence of sunflower downy

Received: May 15, 2024 Accepted : September 2, 2024

Supported by Wujiaqu City Science and Technology Program Project of the
Sixth Division (2214) ; Science and Technology Research Project in Key Areas
of the Xinjiang Production and Construction Corps (2024AB014 ) ; Financial
Program of the Ninth Division (2024JS007) ; " Strengthening Youth" Science
and Technology Innovation Backbone Talent Program of the Xinjiang Production
and Construction Corps (2023007-06) ; Key R&D Program of Xinjiang Autono-
mous Region (2023B02008-1) ; Excellence Youth Program of the Xinjiang Pro-
duction and Construction Corps; Earmarked Fund for China Agriculture Re-
search System (CARS-16).

# Corresponding author. E-mail; zihengl979@ 126. com

mildew is influenced by various factors, including climate, soil
conditions, and cultivation management practices. In warm and
humid environments, the proliferation and dissemination of patho-
genic bacteria are facilitated, resulting in the emergence and prev-
alence of the disease. Consequently, in the cultivation and man-
agement of sunflowers, it is essential to implement strategies such
as enhancing ventilation, minimizing humidity, optimizing fertili-
zation practices, and promptly removing disease residues to miti-
gate the incidence and dissemination of diseases. The prevalence
of sunflower downy mildew significantly diminishes both the quali-
ty and economic value of sunflower crops. Consequently, it is im-
perative to prioritize the prevention and management of sunflower
downy mildew in sunflower production. Implementing scientifically
sound and rational preventive and control strategies is essential to
safeguard the yield and quality of sunflower.

Numerous scholars have conducted extensive research on sun-
flower downy mildew, primarily concentrating on the optimization
of disease management strategies, the functional characterization
of pathogen effectors, the discovery and application of resistance
genes, and a comprehensive investigation of resistance mecha-
nisms. Integrated Pest Management (IPM) serves as a crucial
strategy for the management of sunflower downy mildew; however,
the variability of pathogens poses significant challenges to the effi-
cacy of control measures. The study evaluated critical components
of sunflower downy mildew management and discussed existing
Through the

application of high-throughput sequencing techniques, the re-

. . 2
challenges as well as future research directions'”’.

searchers identified potential effectors characterized by the pres-
ence of RXLR or CRN motifs, which have been previously de-
scribed in other oomycetes. The expression of these effectors in
pathogen spores and infected sunflower leaves was analyzed, and
their subcellular localization was demonstrated for the first time in
sunflower leaf cells. This finding offers new insights into the un-
derstanding of disease mechanisms. Researchers have employed
marker-assisted selection to incorporate novel resistance genes, in-

cluding PI8, PlI7, and PlI8, into sunflower germplasm. This ef-
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fort has resulted in the development of sunflower germplasm re-
sources HA-DM9, HA-DM10, and HA-DM11, which exhibit dual
resistance. These resources demonstrate broad resistance to all
identified races of Plasmopara halstedii in North America and Eu-
rope, making them valuable for use in sunflower breeding pro-
grams aimed at enhancing downy mildew resistance. The genetic
structure of P. halstedii populations was examined, contributing to
the understanding of pathogen variability and the management of
associated diseases. This study investigated the mechanisms of re-
sistance to downy mildew in sunflowers, encompassing the locali-
zation and functional analysis of resistance genes, as well as the

interactions between these resistance genes and pathogen effectors.

2 Pathogens and their infection process
2.1 Pathogens
Plasmopara halstedii (Farl. ) Berl. et de Toni, which is classified

The causal agent of sunflower downy mildew is

within the genus Plasmopara, family Peronosporaceae, order Pero-
nosporales, and subphylum Mastigomycotina. This pathogen ex-
hibits a high degree of specialized parasitism, and it has the capa-
bility to be transmitted over considerable distances via seeds'> *'.

The sporangiophore of the pathogen exhibits a size range of
(180 -500) x (6 —12) wm, while the sporangium measures
(16 —=35) x (14 =26) pm. The oospores are characterized by a
spherical shape and a yellowish-brown coloration, measuring be-
tween 23 and 30 pm in diameter. The germination of the sporangi-
um occurs within a temperature range of 3 to 28 °C , with an opti-
mal temperature for germination identified as 5 to 10 C. Under
arid conditions, sporangia exhibit a diminished capacity for germi-
nation. However, sporangia demonstrate the ability to germinate in
2% aqueous solutions of glucose, maltose, and sucrose at a tem-
perature of 10 °C, with a notably higher germination rate observed
in the 2% sucrose solution.

In addition to sunflowers, P. halstedii has the capacity to in-
fect a variety of crops, including eggplant, pepper, tomato, cot-
ton, tobacco, potato, melon, watermelon, cucumber, peanut,
kidney bean, mung bean, soybean, sesame seed, sugar beet, and
others. However, it typically does not infest grass crops.

2.2 Infection process The pathogen persists through the win-
ter in the endocarp and seed coat of sunflower seeds, primarily in
the forms of mycelium and oospores. As temperatures increase
during the spring, oospores undergo germination, leading to the
formation of zoosporangia that subsequently release zoospores. Un-
der favorable conditions, these zoospores will germinate and devel-
op germ tubes. The germ tubes penetrate the interior of the sun-
flower plant by invading the epidermal cells. Under optimal condi-
tions, the pathogen proliferates and develops mycelium within the
plant. Mycelium develops within the plant and ultimately produces
propagules of the pathogen, including sporangia and zoospores,
thereby completing the infestation process. The disease manifests
as a latent infestation, wherein seedlings derived from infected
seeds may not exhibit symptoms immediately. However, following
the sowing of infected seeds in a production setting, only a limited
number of plants may display systemic symptoms during that grow-

ing season, while a considerable proportion of plants may serve as

asymptomatic carriers.

3  Onset symptoms

The symptoms of sunflower downy mildew are primarily character-
ized by the emergence of yellow or white spots on the leaves. As
the disease advances, these spots progressively enlarge, resulting
in the formation of round or irregularly shaped lesions. The lesions
exhibit a grayish-white center surrounded by yellowish margins.
Under moist conditions, a white layer of mold develops on the le-
sions, which are conidia of the pathogen. In severe instances, the
lesions on the leaves may coalesce, resulting in wilting, leaf ab-
scission, and potentially leading to the demise of the plant.

The disease may manifest throughout the entire growing sea-
son, with the period from seed germination to the emergence of the
first pair of true leaves identified as a critical risk period for sun-
flower susceptibility. Symptoms can be classified into four distinct
categories based on their timing of occurrence and specific charac-
teristics, as outlined below.

3.1 Dwarf type The plant exhibits significant dwarfism, char-
acterized by shortened internodes and inadequate root develop-
ment "', Additionally, there is a regression of the leaves to a
green coloration, accompanied by the emergence of " mosaic"
spots along the primary or lateral veins of the leaf blade. In in-
stances of rainfall or elevated humidity, a dense white mold layer,
consisting of the sporangia and sporangiophores of the pathogen,
becomes evident on the abaxial surface of the affected leaves.
Conversely, under sustained dry climatic conditions, this mold
layer is absent, even in plants exhibiting significant disease sever-
ity. Sporangia-infested plants exhibiting disease symptoms have a
considerable effect on yield, primarily due to the damage inflicted
on the vascular tissues and the small, easily desiccated discs"™’.
This symptom is predominantly a result of the pathogen’s invasion
and systemic proliferation during the seedling stage.

3.2 Leaf spot type The condition is attributed to the parasiti-
zation by a pathogenic fungus, which manifests as lesions on the
leaves of sunflowers. This disease predominantly impacts the foli-
age, resulting in the appearance of irregular yellow or brown
spots, often accompanied by a yellow halo surrounding the le-
sions. In certain instances, black dots may be observed at the
center of these spots. As the disease progresses, these lesions may
enlarge and coalesce, ultimately leading to wilting and abscission
of the affected leaves.

3.3 Flower and fruit damage type
which infests flowers and fruits, primarily impacts the late stages

The downy mildew,

of sunflower production and development. This occurs through the
direct infestation of the floral organs and ovaries by sporangia,
leading to partial desiccation of the flowers and subsequent embryo
mortality*'. The affected plant exhibits a significant decrease in
its 1 000-grain weight, attributable to seed failure and seed
thinning. Additionally, the plant’s disc is frequently characterized
by a lack of curvature and pendulousness, and it is not oriented
towards the sun.

3.4 Latent type The latent type of downy mildew exhibits lim-

ited development in agricultural production. The external manifes-
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tations on the plant are not pronounced, and the sporangia prima-
rily affect only the portions of the sunflower that are above the root
system. In some instances, the infestation can extend up to 25 —
30 e¢m above the soil surface, resulting in a pale green coloration

of the stems and a pale brown appearance of the cells surrounding
the pith*’.

4 Route of transmission

4.1 Seed transmission The pathogen primarily exists in a la-
tent state within the endocarp and seed coat of sunflower seeds,
manifesting as mycelium and oospores. Transmission occurs
through the transportation and sowing of seeds.

4.2 Soil transmission Disease residues that are interspersed
among seeds also harbor bacteria. As temperatures increase in the
spring, oospores germinate, leading to the production of zoospor-
angia, which subsequently release zoospores. These zoospores in-
vade sunflowers, resulting in symptoms indicative of whole-plant
infestation.

4.3 Agricultural activity Agricultural practices, including
crop succession, the use of contaminated seeds, and the failure to
promptly remove disease residues, and other activities, may ele-

vate the risk of disease transmission.

5 Factors affecting disease occurrence

The incidence and prevalence of sunflower downy mildew are
closely associated with temperature, humidity, rainfall, and other
meteorological conditions. Optimal temperature and humidity lev-
els facilitate the growth and reproduction of the pathogen, whereas
rainfall promotes its dissemination. The incidence of the disease is
correlated with the temperature and humidity during the sowing
and emergence periods. Sunflower sowing under conditions of low
temperature and high humidity is particularly susceptible to seed-
ling diseases. Additionally, soil moisture levels and continuous
cropping practices can exacerbate the development of these disea-
ses. The sowing of sunflowers following exposure to low tempera-
ture and high humidity conditions can lead to an increased inci-
dence of seedling diseases. Additionally, excessive rainfall during
the spring, elevated soil moisture levels, high groundwater levels,
and continuous cropping practices can further contribute to the de-
velopment of these diseases. Furthermore, sowing seeds at exces-
sive depths may exacerbate the prevalence of morbidity among the
seedlings.

The cultivation and management practices of sunflower signif-
icantly influence the occurrence and prevalence of downy mil-
dew'®™"". Specifically, factors such as excessive planting density,
inadequate plant growth, and improper fertilization can enhance
the susceptibility of sunflowers to downy mildew. Different varie-
ties of sunflowers exhibit varying levels of resistance to downy mil-
dew. Generally, those varieties that demonstrate greater resistance
are more effective in combating downy mildew. The populations of
pathogens responsible for sunflower downy mildew significantly af-
fect disease incidence and epidemiology. Variations among differ-
ent populations of pathogenic bacteria result in distinct adaptations

and levels of pathogenicity, which can consequently lead to varia-

tions in disease incidence and epidemiological patterns.

6 Control techniques

6.1 Agricultural control measures It is advisable to select
sunflower varieties that exhibit resistance to downy mildew, as this
represents one of the most cost-effective strategies for managing
this disease. Additionally, it is recommended to avoid crop rota-
tion with species that are susceptible to downy mildew, particular-
ly sunflowers and other members of the Asteraceae family, in order
to minimize the presence of pathogens in the soil. It is essential to
select the appropriate sowing time based on local climatic condi-
tions to prevent the plants from entering a vulnerable stage during
periods of high downy mildew incidence, which typically occurs in
warm and humid seasons. According to the growth characteristics
of sunflowers and the principles governing disease occurrence, it is
essential to arrange planting density appropriately. This approach
helps to prevent overcrowding, which can lead to excessive humid-
ity in the field and subsequently increase the risk of disease devel-
opment. It is essential to promptly eliminate disease residues and
weeds to mitigate the sources of initial infestations and overwinte-
ring habitats for pathogens. Implementing appropriate irrigation
practices, while avoiding excessive flooding and waterlogging, can
effectively decrease field humidity and subsequently reduce the
risk of disease development. Enhancing soil structure and drainage
conditions, as well as improving soil permeability and root health,
contributes to the ability of plants to resist diseases. The judicious
application of nitrogen, phosphorus, and potassium fertilizers is
essential to prevent the adverse effects of excessive nitrogen appli-
cation, which can result in excessive plant growth and an in-

creased susceptibility to diseases™ .

Continuous monitoring of
field conditions, timely identification of central diseased plants,
and the prompt implementation of measures to mitigate the spread
of the disease are essential.

6.2 Chemical control measures In regions with a high inci-
dence of disease, seeds may be treated with 25% metalaxyl at a
concentration of 0. 5% of the seed weight. Prior to the flowering
stage of sunflowers, it is recommended to apply Bordeaux mixture
or mancozeb every 7 — 10 d for a total of 2 —3 applications™®’. Fol-
lowing the onset of sunflower disease, it is advisable to apply fun-
gicides such as metalaxyl, propamocarb, hymexazol, and other
appropriate agents. These treatments should be administered every
7 —10 d for a total of 2 —3 applications. Chemical spraying should
be conducted on sunny days, while avoiding application during
rainy conditions or excessively hot periods. Additionally, the
chemical spraying must be executed uniformly and with careful
consideration to ensure that all parts of the sunflower are adequate-
ly protected by the chemical. Furthermore, the application of
chemical spraying must be conducted with safety precautions in or-
der to mitigate potential hazards to both human health and the

environment.
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growth of tomato plants. Lastly, Sun Ke et al. """ screened for bio-
control Bacillus species against burdock root-knot nematode
through in vitro bioassays of fermentation broth and field trials.

In this study, the fermentation supernatants of six distinct
bacterial strains were individually assessed to evaluate their in vitro
biological activity against M. incognita. Additionally, the biologi-
cal effectiveness of a single bacterial strain against M. incognita
was initially elucidated. After screening, it was found that among
the six bacterial strains, the treatment of the fermentation superna-
tant of strain X-2 had the most obvious lethal effect on M. incogni-
ta and increased with time, with the corrected mortality rate reac-
hing 97% at 72 h. The treatment of M.
produced the effect of preventing the nematode from hatching. The

incognita eggs also

strain had been identified as B. wvelezensis, belonging to the genus
Bacillus , and was designated as RKN1111. It has been deposited
in the Centre for General Microbiology under the China Microbial
Strain Preservation and Management Committee. In this experi-
ment, the inhibitory effect of the fermentation broth derived from
this strain on the activity of second instar larvae and the egg
hatching of M. incognita was preliminarily assessed. However, the
specific mode of action remains unclear. Further investigation
into the mechanism of action will be conducted in subsequent
studies to provide alternative strains and theoretical references
for the research and development of biocontrol agents targeting
M. incognita.
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