
1

Journal of Biological Research 1 (1), 2024: pp. 1-11. 

UDC 630*844.4:362.4.01/08:634.73(045)

SENSITIVITY OF PHYTOPATHOGENS OF BERRY CROPS TO NOVOCHIZOL 
NANOPREPARATIONS IN VITRO

Alseitova K.A.1, Kukhar Y.V.1,*, Fomenko V.V.2, Kargapolov Y.S.3

1 S. Seifullin Kazakh Agrotechnical Research University, Zhenis Ave., 62, Astana, Republic of Kazakhstan
2 N.N. Vorozhtsov Novosibirsk Institute of Organic Chemistry SB RAS, Novosibirsk, Russian Federation
3 Bioavanta LLC, Novosibirsk, Russian Federation

*Corresponding Author: Kukhar Y.V., kucharev@mail.ru.

ABSTRACT

Fungal diseases are prevalent among agricultural plants, accounting for more than 80% of all plant diseases. Berry crops, 
for instance, are susceptible to several fungal infections such as smut, rust, and root rot. In certain regions, these diseases can 
cause crop losses exceeding 70%. The in vitro fungicidal action of Novochizol nanopreparations containing sulfur and copper 
against pathogenic fungi from the genera Alternaria and Fusarium was demonstrated. Analysis of the sensitivity of Alternaria 
tenuis and Fusarium solani to these nanopreparations revealed that Alternaria pathogens showed the highest sensitivity to 
preparations No. 1, No. 2, No. 3, No. 11, and No. 9. Similarly, Fusarium solani was most sensitive to preparations No. 1, No. 
2, and No. 3. The sensitivity of Alternaria tenuis to Novochizol nanopreparations positively correlates with their fungicidal 
and fungistatic properties, with a correlation coefficient of 0.845. Conversely, the sensitivity of Fusarium solani to the same 
nanopreparations exhibited a weaker positive correlation, with a coefficient of 0.596.
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1. INTRODUCTION

Fungal diseases are pervasive among agricultural plants, 
constituting over 80% of all plant diseases [1]. Recently, re-
gions in the Republic of Kazakhstan and abroad, such as Ak-
mola and Karaganda, have observed significant instances of 
mass drying in berry crops. These diseases encompass a range 
of pathogens including smut, rust, and root rot [2]. In affected 
areas, crop losses due to these diseases can exceed 70% [3].

Pathogenic fungi disrupt the normal development of host 
plants by penetrating plant tissues and interfering with physi-
ological processes, nutrient absorption, and the release of met-
abolic products that inhibit cell growth. This disruption leads 
to tissue death and contributes to a decrease in plant produc-
tivity [4]. As plant growth and functioning are compromised, 
their ability to absorb nutrients, water, and conduct photo-
synthesis is impaired, ultimately reducing yield or causing 
plant death [5].

The analysis of mycosis pathogen contamination in berry 
crops is essential for assessing infection levels and develop-
ing effective strategies to prevent disease spread, ensuring the 
quality and safety of agricultural products. Previous studies 
have identified phytopathogenic mold fungi affecting berry 
crops in suburban dacha areas near Astana. These include Al-
ternaria spp., isolated from black currants, common raspber-
ries, and garden strawberries, as well as Fusarium spp., af-
fecting red currants, black currants, and garden strawberries. 
Research indicates a 100% contamination rate of four berry 
crop types (red currants, black currants, common raspberries, 
and garden strawberries) by various phytopathogenic fungi 
in suburban Astana [6]. Such high contamination underscores 
the need for rigorous measures to combat and prevent these 
pathogens.

Classical fungicidal preparations, commonly known as 

pesticides, are highly toxic [7]. Mesnage et al. (2014) as-
sessed their toxicity by measuring mitochondrial activity, 
membrane degradation, and caspase 3/7 activity, finding fun-
gicides to be the most toxic even at concentrations 300-600 
times lower than agricultural dilutions. Herbicides and insecti-
cides showed similar toxicity profiles across all cell types, al-
beit to a lesser extent [8, 9]. Consequently, special precautions 
are necessary, including observing specific time intervals be-
tween treatment and harvesting [8, 9]. Modern systemic fun-
gicides include triazoles and pyrazole carboxamides SDHI 
(succinate dehydrogenase inhibitors), which represent ad-
vancements in reducing environmental and health risks [10].

Colloidal sulfur compounds are well-known for combating 
fungal diseases and pests in various agricultural crops [11]. 
Despite their inability to be absorbed directly by plants due to 
their chemical composition, these preparations are tradition-
ally used in agriculture [12].

Copper-containing compounds are widely recognized as 
fungicides, primarily employed for the prevention rather than 
treatment of plant diseases [13]. These preparations are ef-
fective against bacteria [14], mold fungi [15], and oomycetes 
[16]. In organic farming, copper compounds are among the 
most effective active ingredients combating various patho-
gens, including anthracnose [17], downy mildew in grapes 
[18], late blight in potatoes [19], and powdery mildew in nu-
merous other crops [4].

Despite their effectiveness, traditional chemical plant pro-
tection products have significant drawbacks such as environ-
mental pollution, ecological damage, and toxicity to humans. 
Sulfur- or copper-based products, known for their strong fun-
gicidal effects, can also harm beneficial microorganisms, po-
tentially disrupting biological balance [12]. New-generation 
fungicides are emerging for the treatment of agricultural, in-
dustrial, forage, and berry crops. Examples include Abistim 
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[20], Topsin [21], and Flint [22]. However, these products of-
ten contain antibiotics and other aggressive, toxic chemicals 
[23]. Therefore, there is a critical need to explore new safe, 
organic, and environmentally friendly alternatives.

Environmental biotechnology has recently focused on de-
veloping biological plant protection products based on natu-
ral compounds, which are free from the drawbacks associated 
with traditional chemical products yet remain highly effec-
tive. Chitosan, derived from the deacetylation of chitin, one of 
the most abundant polysaccharides in nature, exemplifies this 
trend. Its high biological activity, biocompatibility, and safety 
make chitosan versatile and effective in applications across 
medicine, industry, and agrobiology [24]. Chitosan possesses 
several advantageous properties such as biodegradability, hy-
drophilicity, non-toxicity, high bioavailability, and excellent 
water permeability. It can also form films, gels, and nanopar-
ticles, further enhancing its utility [25].

Laboratory tests of preparations based on chitin deriva-
tives cross-linked with sulfur and copper have demonstrated 
that the nanopreparation «Novokhizol», which incorporates 
chitosan and copper, exhibits potent fungicidal effects against 
the phytopathogenic fungus Erysiphe spp. The preparation ef-
fectively suppresses its growth in vitro, highlighting its po-
tential as a promising tool for protecting apple orchards from 
powdery mildew [26]. Further investigation into the impact of 
«Novokhizol» on phytopathogenic pathogens affecting berry 
crops would be of particular interest.

The aim of the research is to analyze the sensitivity of 
common phytopathogenic fungi affecting domestic berry 
crops (red currant, black currant, common raspberry, garden 
strawberry) to Novochizol nanopreparations containing var-
ious combinations of sulfur and copper under in vitro con-

ditions.

2. MATERIAL AND METHODS

The studies were conducted in the microbiology labora-
tory of the Agricultural Biotechnology Research Platform at 
the S. Seifullin Kazakh Agrotechnical Research University 
from 2022 to 2024.

The study focused on plant materials from berry crops (red 
currant, black currant, common raspberry, garden strawberry) 
collected from summer cottages in Astana.

The experiment analyzed 15 variants of the Novokh-
izol nanopreparation provided by scientists from the Sibe-
rian Branch of the Russian Academy of Sciences (Novosi-
birsk) (Table 1).

Provide sufficient details to allow the work to be repro-
duced by an independent researcher. Methods that are already 
published should be summarized, and indicated by a refer-
ence. Any modifications to existing methods should also be 
described. For experiments reporting results on animal or hu-
man subject research, an ethics approval statement should be 
included in this section.

The study employed a standard method for sampling plant 
material, involving the cutting of leaves into 3-4 mm seg-
ments followed by sterilization in 70% alcohol for 3 minutes. 
The sterilized biomaterial was then plated onto Petri dishes 
containing Chapek Dox Agar nutrient medium and placed in 
a thermostat at 25-26 °C. Cultivation continued for 3-5 days 
until colony formation and pronounced sporulation were ob-
served. Microscopic examination was conducted using an 
Olympus BX43 microscope with a ×40 objective [27].

Isolated pathogens causing phytopathogenic diseases were 
Table 1 – List of Novokhisol preparations used in the work.

Preparation 
No. Content of active ingredients

1 group of copper-based preparations
1 Novochizol 1% Cu2+ 0.95 mg/ml
2 Novochizol 1,8% Cu2+ 0,22 mg/ml, matryoshka, 1 batch
3 Novochizol 1% Cu2+ 0.98 mg/ml
4 Novochizol 1,8% Cu2+ 0,22 mg/ml, matryoshka, 2 batch
5 Novochizol 1,5% Cu2+ 1,95 mg/ml
7 Novochizol 1% Cu2+ 1,95 mg/ml

2 group of sulfur-based preparations
8 Novochizol 1,45% sulfur 20 nm в 0,5% 
9 Novochizol 1,9% sulfur 20 nm 0,833 mg/ml
10 Novochizol 1,9% sulfur 140 nm 12,3 mg/ml
11 Novochizo 2% S 140 nm 2 mg/ml
12 Novochizol 2% colloidal sulfur 0,5% 

3rd group of preparations – complex
6 Novochizol 1% Na2SO4 1,2 % Cu2+ 1,95 mg/ml in the form of sulfate
13 Novochizol 2% colloidal sulfur 0,833 mg/ml matryoshka

4th group control (without sulfur and copper)
14 Novochizol 2%
15 Chitozan 2,5%
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tested against 15 Novokhizol preparations with potential an-
tifungal activity.

The fungicidal activity of nanopreparations was assessed 
using the classical disk diffusion method (DDM) [28]. Paper 
disks impregnated with varying concentrations of the antifun-
gal nanopreparation were placed on the surface of agar plates 
inoculated with daily fungal cultures and then incubated under 
optimal growth conditions. As the preparation diffused from 
the disk into the agar, it inhibited fungal growth, resulting in 
clear zones of inhibition around the disks.

The reliability of the sensitivity results of phytopathogenic 
fungi to nanopreparations was ensured through different vari-
ants of the DDM, including the mega-disc method and groove 
method [26].

Statistical analysis of the results was performed using 
standard methods in the Microsoft Office Excel program.

3. RESULTS

An analysis of mycosis pathogen contamination in berry 
crops from dacha areas of Astana revealed that various types 
of mold fungi affect these crops (Figures 1 and 2).

The morphological structures of the phytopathogens ex-
hibited distinctive characteristics. The mycelium of Alter-
naria spp. fungi displayed olive or olive-brown coloring, with 
pear-shaped or lemon-shaped conidia that featured an elon-
gated ‘nose’ of varying length at the upper end. These co-
nidia formed chains that were easily observable under a mi-
croscope.

Isolates of the phytopathogenic fungus Fusarium spp. ex-

hibited white mycelium with clearly defined conidiophores, 
along with simple or branched mycelial hyphae. Spindle-sick-
le-shaped macroconidia, ranging from slightly curved to 
nearly straight with 3-7 septa, were visible in the field of 
view. The upper and lower cells of these macroconidia were 
rounded. Additionally, kidney-shaped microconidia, unicellu-
lar and clustered in mucous heads atop long phialides, were 
observed (Figure 3).

Identification of mycosis pathogens based on cultural and 
morphological features using microscopy enabled the deter-
mination of phytopathogens: Alternaria tenuis and Fusarium 
solani. The growth characteristics and colony formation dy-
namics of these phytopathogens were assessed to establish 
their growth rates prior to treatment with nanopreparations 
(Figure 4).

According to the conducted studies, a clear positive cor-
relation was found between the growth of two phytopatho-
gens on all types of berry crops, with a correlation coefficient 
of 0.993. Micromycetes show more active growth on black 
currants and less active growth on raspberries. We attribute 
this to the natural presence of antimicrobial biologically ac-
tive components in the plant organs.

To assess the sensitivity of phytopathogenic fungi to No-
vokhizoly nanopreparations and determine their fungicidal 
properties, daily cultures of phytopathogenic fungi were cul-
tivated. Sterile disks were then inoculated with two isolates of 
Alternaria tenuis from these cultures and treated with nano-
preparations. After incubation in a thermostat at 28°C, results 
were recorded at 24, 48, and 72 hours (Figure 5).

Figure 1 – Pure cultures of Alternaria spp. isolated from black currant (A), common raspberry (B), garden strawberry (C).

Figure 2 – Pure cultures of Fusarium spp. isolated from black currant (A), common raspberry (B), garden strawberry (C).
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Based on the information provided about Figure 5, af-
ter 24 hours, a slight growth of phytopathogenic fungi is ob-
served around all disks except No. 1, 2, 3, 4, 5, and 11 for the 
first isolate of A. tenuis. After 48 hours, a zone of no growth 
of the fungus A. tenuis (1st isolate) was observed around the 

disks with preparations No. 1, 9, and 11. This suggests fungi-
static activity of these preparations to which the isolate was 
sensitive, as evidenced by the delay in fungal growth. Af-
ter 72 hours, preparations No. 1 and No. 11 continued to ex-
hibit fungistatic activity, indicating their sustained effective-
ness against the phytopathogenic fungus. This demonstrates 
the effectiveness of nanopreparations (preparations No. 1 and 
No. 11) in inhibiting the growth of A. tenuis over the course 
of 72 hours, highlighting their potential as fungistatic agents.

To confirm the identified fungistatic properties of nano-
preparations against phytopathogen isolates from berry crops, 
we tested a modified disk-diffusion method using mega-disks. 
The method involves increasing the disk diameter and nano-
preparation density per unit area of the nutrient medium, fa-

cilitating precise assessment of each nanopreparation’s effect 
with only one disk per Petri dish.

Sterile mega-disks loaded with nanopreparations were 
placed on daily cultures of A. tenuis, one disk per Petri dish, 

Figure 3 – Morphological structures of phytopathogens: 
A - Alternaria spp., B - Fusarium spp.

Figure 4 – Diagram of the growth rate of phytopathogenic fungi from berry crops: А – Alternaria spp., В – Fusarium spp.

Figure 5 – Activity of nanopreparations against the phytopathogen A. tenuis using the disk diffusion method: 
А – 1st isolate, В – 2nd isolate
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and observed over three days. Within 24 hours, it was visually 
confirmed that one A. tenuis isolate exhibited high sensitivity 
to all nanopreparations, resulting in complete or partial inhi-
bition zones against the phytopathogenic fungus. Through-
out the first day, no visible growth or conidia formation oc-
curred around the mega-disks, and the nutrient substrate color 
remained unchanged. These observations indicate the pres-
ence of fungicidal activity in nanopreparations against Al-
ternaria spp.

Observations on the second day revealed visible mycelial 
growth and the formation of pathogenic conidia on the nutri-
ent agar. By the 48-hour mark, several nanopreparations ex-
hibited either a clear fungicidal or stimulating effect on the 

phytopathogenic fungus A. tenuis: preparation No. 3 demon-
strated high fungicidal activity, while preparations No. 1 and 
No. 7 showed moderate fungicidal activity. Nanoprepara-
tions No. 6, No. 10, No. 11, No. 13, and No. 14 displayed a 
stimulating effect, characterized by increased phytopathogen 
growth around the disks. Observations on the subsequent third 
day showed further enhancement of both fungicidal and stim-
ulating effects after 72 hours (Figure 6).

As depicted in Figure 6, the second isolate of A. tenuis 
exhibited significant fungistatic activity towards nanoprepa-
rations No. 1, No. 2, No. 3, and No. 8 after 72 hours. This 
was evident from the presence of zones where colony growth 

Figure 6 – Results of the sensitivity study of the phytopathogen A. tenuis to nanopreparations. The numbers indicate the 
nanopreparation number.

Figure 7 – Results of the study of the sensitivity of the phytopathogen F. solani to nanopreparations. The numbers indicate 
the number of the nanopreparation.
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was partially inhibited around the disks. Nanopreparations 
No. 5 and No. 13 showed a moderate fungistatic effect, char-
acterized by slowed growth and absence of spore formation 
in the isolate. Conversely, nanopreparations No. 14 and No. 
11 demonstrated a stimulating effect, resulting in more vigor-
ous phytopathogen growth around the disks. In summary, the 
sensitivity analysis of two isolates of A. tenuis to nanoprepa-
rations indicated that after 72 hours, preparation No. 3 (No-
vochizol 1%, Na2SO4 1.2%, Cu2+ 1.95 mg/ml as sulfate) ex-
hibited the most pronounced fungicidal effect.

The sensitivity assessment of the phytopathogen F. solani 
to Novochizol preparations using the mega-disc method re-
vealed the formation of growth inhibition zones around the 
following disks: Preparation No. 1: Novochizol 1%, Cu2+ 

1.95 mg/ml; Preparation No. 2: Novochizol 1%, CuSO4, 
Cu2+ 1.95 mg/ml; Preparation No. 3: Novochizol 1%, 
Na2SO4 1.2%, Cu2+ 1.95 mg/ml (as sulfate).

Additionally, as nanopreparations accumulated in the 
agar, the isolate’s sensitivity to them increased, resulting in 
expanded growth inhibition zones of the fungus by 72 hours. 
Furthermore, F. solani demonstrated continued sensitivity to 
nanopreparation No. 6, which exerted a fungistatic effect by 
partially suppressing phytopathogen growth within 48 hours. 
However, sensitivity to the other nanopreparations was ob-
served only during the initial 24 hours, after which they stim-
ulated phytopathogen growth (Figure 7).

Subsequently, to validate the obtained data, a sensitivity 
determination method using the groove technique was em-
ployed to assess two isolates of the phytopathogen A. tenuis 
against Novokhizol nanopreparations. During the initial 24 
hours, no phytopathogen growth was observed on the Petri 
dish surfaces. By the 48-hour mark, it was evident that: the 
most sensitive isolate of the phytopathogenic fungus A. tenuis 

exhibited no growth in response to preparations No. 1, No. 2, 
and No. 3. The second isolate of A. tenuis displayed height-
ened sensitivity after 48 hours to nanopreparations No. 2, No. 
3, No. 4, and No. 7, indicated by pronounced zones devoid of 
growth around the grooves. Isolate 2 also demonstrated mod-
erate sensitivity to nanopreparations No. 9 and No. 10 (Figure 
8). These findings underscore the varying degrees of sensitiv-
ity of A. tenuis isolates to specific Novokhizol nanoprepara-
tions, confirming the effectiveness of the groove method in 
assessing fungal response.

As depicted in Figure 8, both isolates of A. tenuis exhib-
ited high sensitivity to preparations No. 1, No. 2, and No. 3, 
which possess fungistatic activity. This sensitivity was ev-
ident from the presence of zones where fungal growth was 

completely inhibited.

4. DISCUSSION 

Previous studies have indicated that Novochizol possesses 
a positive charge, which enhances its ability to interact effec-
tively with various types of molecules. This positive charge 
is believed to contribute to the antimicrobial activity, similar 
to chitosan, by interacting with the negatively charged cell 
membranes of microorganisms. Unlike chitosan, which is a 
linear polymer, Novochizol has a globular, almost spherical 
shape due to intramolecular crosslinking. These unique prop-
erties of Novochizol make it well-suited for use in systems 
involving hydrophilic antibiotics with slow release (Table 2).

Novochizol offers several advantages over chitosan, pri-
marily as a carrier for active ingredients. Its nanospherical 
structure facilitates a significantly higher diffusion rate com-
pared to conventional linear chitosan, which is particularly 
beneficial for impregnating materials. Novochizol™ tech-
nology enables targeted delivery of a wide range of active 

Figure 8 – Results of the sensitivity analysis of the phytopathogenic fungus Alternaria tenuis against Novochizol 
preparations: A - 1st isolate, B - 2nd isolate
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pharmaceutical ingredients (APIs) such as small molecules, 
peptides, nucleic acids, and proteins to various cells. This de-
livery can be achieved through injection, spraying, or topi-
cal application, ensuring efficient drug delivery to targeted 
tissues [29].

Published literature supports the effective antifungal prop-
erties of chitosan and its derivatives against diverse phyto-
pathogens [6, 24, 26]. Analysis conducted on berry crop con-
tamination in Astana revealed that 100% of red currants, black 
currants, raspberries, and strawberries were infected with my-
cosis pathogens [6]. This underscores the necessity for imple-
menting measures to protect and manage diseases to ensure a 
high-quality berry harvest.

Our research in berry crops in the northern Kazakhstan 
zone identified widespread phytopathogenic fungi, particu-
larly Alternaria spp. and Fusarium spp. The study encom-
passed the analysis of 15 antifungal nanopreparations con-
taining copper, sulfur, and complex compounds. Despite the 
variety of preparations tested, only a few showed significant 

effectiveness in controlling the growth of Alternaria spp. 
Among them, copper-based preparation No. 3 Novochizol 
demonstrated the highest efficacy. It exhibited a minimum 
inhibitory concentration (MIC) of 15 μg/ml, with a colony 
growth inhibition zone exceeding 11 mm around the disk, one 
of the largest values observed among the preparations tested. 
However, some preparations did not display notable fungi-
cidal activity, indicating a need for further investigation into 
their antifungal properties.

Analysis of mycosis pathogen contamination in berry 
crops in Astana revealed that garden strawberries, common 
raspberries, black currants, and red currants were all 100% 
contaminated with various phytopathogens. Our findings align 
with those of Simões et al. (2023), who also reported high 
contamination levels in cultivated plants [31]. Specifically, 
A. tenuis and F. solani were isolated from the leaves of red 
currants, garden strawberries, and common raspberries, while 

black currant leaves harbored multiple types of micromycetes. 
Notably, A. tenuis isolates exhibited diverse morphological 
characteristics such as color, colony shape, presence of co-
nidia, and varied sensitivity to the antifungal properties of 
Novochizol nanopreparations.

The sensitivity testing of berry crop pathogens to No-
vochizol nanopreparations highlighted preparations No. 1, No. 
2, and No. 3 as the most effective against phytopathogenic 
fungi. Their fungicidal effect was evident from the complete 
absence of fungal growth on nutrient media around the disks 
during laboratory studies and the absence of lesions on berry 
crop leaves in field conditions. Statistical analysis of sensi-
tivity data for A. tenuis and F. solani over a three-day period 
consistently showed preparation No. 3 to possess superior an-
tifungal properties (Figure 9).

As depicted in Figure 9, the pathogen F. solani shows sen-
sitivity to three Novochizol nanopreparations: Preparation No. 
1: Novochizol 1% Cu2+ 0.95 mg/ml; Preparation No. 2: No-
vochizol 1.8% Cu2+ 0.22 mg/ml Matryoshka; Preparation No. 
3: Novochizol 1% Cu2+ 0.98 mg/ml. Among these, prepara-
tion No. 3 demonstrates higher fungicidal activity against F. 
solani, preparation No. 2 exhibits average activity, and prepa-

Table 2 – Comparative characteristics of chitosan and Novochizol™ [50].

Characteristic Hitosan Novohizol ™

Solubility solubility only at acidic pH solubility/dispersibility under all condi-
tions

Viscosity high viscosity low viscosity

Biodegradability rapid biodegradation slow biodegradation

Chemical stability low physical and chemical stability high physical and chemical stability

Frost resistance none yes

Physical states limited physical properties aqueous suspensions, aerosols, hydrogels, 
solids

Molecular constancy batch-to-batch heterogeneity batch-to-batch standardization

Substance transport capacity limited carrier capabilities sustained release of virtually any API

Figure 9 – Comparative analysis of the sensitivity of 
phytopathogens F. solani and A. tenuis to nanopreparations 

No. 1, No. 2 and No. 3.



8

Type: Original Research

ration No. 1 shows weaker activity. In terms of fungistatic 
properties against F. solani, preparation No. 2 displays more 
pronounced effects, followed by preparation No. 3, and prepa-
ration No. 1 shows the least activity.

The sensitivity of the phytopathogen A. tenuis to these 
three Novochizol nanopreparations correlates positively in 
terms of both fungicidal and fungistatic properties, with a cor-
relation coefficient of 0.845. Preparation No. 3 exhibits higher 
antifungal activity against A. tenuis, preparation No. 1 shows 
average activity, and preparation No. 2 demonstrates lower 
antifungal activity.

For F. solani, the sensitivity to the same Novochizol nano-
preparations shows a weak positive correlation with a coef-
ficient of 0.596. However, a stronger positive correlation of 
0.746 is observed in terms of fungicidal activity of all three 
nanopreparations against both pathogens, while a negative 
correlation of -0.609 is noted in terms of their fungistatic ac-
tivity.

CONCLUSION

Based on the findings from our study on berry crop my-
coses in Astana city summer cottages, the following conclu-
sions can be drawn:

1. The predominant pathogens affecting berry crops are 
A. tenuis and F. solani, with a 100% infection rate observed 
in red and black currants, common raspberries, and garden 
strawberries.

2. There is a direct positive correlation of 0.993 between 
the growth of phytopathogens on different types of berry 
crops. Black currants exhibited more active micromycete 
growth compared to common raspberries.

3. Analysis of the sensitivity of A. tenuis and F. solani to 
Novochizol nanopreparations revealed the following: A. te-
nuis is highly sensitive to preparations No. 1, No. 2, No. 3, 
No. 11, and No. 9 in terms of their antifungal effects; F. so-
lani shows sensitivity to preparations No. 1, No. 2, and No. 3.

4. The sensitivity of A. tenuis to Novochizol nanoprepa-
rations correlates positively with both fungicidal and fungi-
static properties, with a correlation coefficient of 0.845. In 
contrast, the sensitivity of F. solani to the same nanoprepa-
rations exhibits a weaker positive correlation, with a coeffi-
cient of 0.596, indicating less consistent sensitivity across the 
tested preparations.

These conclusions highlight the effectiveness of specific 
Novochizol nanopreparations against A. tenuis and F. solani 
in controlling berry crop mycoses, underscoring the need for 
targeted antifungal strategies in agricultural practices.

ACKNOWLEDGMENTS

The authors express their gratitude to Smagulova A.M., 
Baylina G.E., and Muranets A.P. for their invaluable assis-
tance in conducting the research and providing consultations 
on species identification issues.

CONFLICT OF INTEREST

There are no conflicts of interest to declare.

LITERATURE

1. Яцкив К. Грибковые заболевания растений и какие 
фунгициды применять. Рожнятов, Ивано-Франковск: 
Садовый центр СМТ // URL: https://semsad.com.ua/
a471916-gribkovye-zabolevaniya-rastenij.html. (дата 
обращения 25.05.2024).

2. Гуров Н.А., Евдакова М.В. Болезни плодовых 
и ягодных культур и меры борьбы с ними // Научный 
журнал молодых ученых. – 2024. – №1(36). – С. 6-10. 

3. Серая Л.Г. Болезни ягодных культур // Сады России. 
– 2015. – №7. – С. 51-56. 

4. Алейникова М.В. Видовой состав фитопатогенных 
грибов филлоплана смородины красной (Ribesrubruml.) 
// Успехи современного естествознания. – 2011. – №10. 
– С. 8. 

5. Сокирко В.П., Горьковенко В.С., Зазимко М.И. 
Фитопатогенные грибы (морфология и систематика): 
учеб. пособие. – Краснодар: КубГАУ, 2014 – С. 178.

6. Альсеитова К. Анализ зараженности ягодных 
культур дачных массивов г. Астаны возбудителями 
микозов // В сб. статей Межд. научно-практ. конф. 
«Студенческая наука: актуальные вопросы, достижения 
и инновации». – Пенза: МЦНС «Наука и Просвещение», 
2024. – С. 66-70.

7. Biswas S., Torchilin V.P. Nanopreparations for organ-
elle-specific delivery in cancer // Adv Drug Deliv Rev. – 2014. 
− 66:26-41. doi: 10.1016/j.addr.2013.11.004. 

8. Mesnage R., Defarge N., Spiroux de Vendômois J., 
Séralini G.E. Major pesticides are more toxic to human cells 
than their declared active principles // Biomed Res Int. – 
2014. – P. 179691. doi: 10.1155/2014/179691.

9. Серова Т.А., Титова Ю.А. Микобиота древесины 
исторических памятников архитектуры Санкт-Петербурга 
и возможности ее контроля с помощью фунгицидов // 
Вестник защиты растений. – 2014. – №2. – С. 33.

10. Shabaaz Begum J.P., Manjunath K., Pratibha S., Dhan-
anjaya N., Sahu P., Kashaw S. Bioreduction synthesis of zinc 
oxide nanoparticles using Delonix regia leaf extract (Gul Mo-
har) and its agromedicinal applications // J. Sci. Adv. Ma-
ter. Devices. – 2020. – Vol. 5. – P. 468–475. doi: 10.1016/j.
jsamd.2020.07.009.

11. Griffith C.M., Woodrow J.E., Seiber, J.N. Environmen-
tal behavior and analysis of agricultural sulfur // Pest manage-
ment science. – 2015. – Vol. 71(11). – P. 1486–1496. https://
doi.org/10.1002/ps.4067.

12. Muyesaier T., Huada R., Li W., Lv J., Ross S., Des C., 
Cordia Ch., Dung P. Agriculture Development, Pesticide Ap-
plication and Its Impact on the Environment // International 
Journal of Environmental Research and Public Health. – 2021. 
– Vol. 18. – P. 1112. https://doi.org/10.3390/ijerph18031112.

13. Ayres P.G., Millardet A. France’s forgotten mycolo-
gist // Mycologist. – 2004. – Vol. 8(1). – P. 23-26. https://doi.
org/10.1017/S0269915X04001090. 

14. Stevenson J., Barwinska-Sendra A., Tarrant E., Wal-
dron K. Mechanism of action and application of the anti-
microbial properties of copper // Microbial Pathogens and 
Strategies for Combating Them: Science, Technology and Ed-
ucation. – 2013. – P. 468-479. 

15. Grass G., Rensing C., Solioz M. Metallic copper as an 



9

Journal of Biological Research 1 (1), 2024: pp. 1-11. 

antimicrobial surface // Appl. Environ. Microbiol. – 2011. – 
Vol. 77(5). – P. 1541-7. https://doi.org/ 10.1128/AEM.02766-
10.

16. Yeon J., Park A.R., Nguyen H.T.T., Gwak H., Kim J., 
Sang M.K., Kim J.C. Inhibition of Oomycetes by the Mix-
ture of Maleic Acid and Copper Sulfate // Plant Dis. – 2022. 
– Vol. 106(3). – P. 960-965. https://doi.org/10.1094/PDIS-07-
21-1559-RE.

17. Lombardo M.F., Panebianco S., Azzaro A., Catara V., 
Cirvilleri G. Assessing Copper-Alternative Products for the 
Control of Pre- and Postharvest Citrus Anthracnose // Plants 
(Basel). – 2023. Vol. 12(4). – P. 904. https://doi.org/10.3390/
plants12040904.

18 Clippinger J.I., Dobry E.P., Laffan I., Zorbas N., Hed 
B., Campbell M.A. Traditional and Emerging Approaches for 
Disease Management of Plasmopara viticola, Causal Agent of 
Downy Mildew of Grape // Agriculture. – 2024. – Vol. 14(3). 
– P. 406. https://doi.org/10.3390/agriculture14030406. 

19. Pasca S., Florian V., Suciu A. Potato late blight control 
with different copper fungicides // Research Journal of Agri-
cultural Science. – 2019. – Vol. 51 (4). – P. 127.

20. Хоменко И.И., Бурлака В.С., Слонь А.С., Крецкий 
И.В. Основы защиты смородины черной в зоне лесостепи 
Украины // Российский электронный научный журнал. – 
2014. – №8(14). – С. 254. 

21. Сыроватко С.Е. Анализ результата исследований и 
актуальность практического применения биопрепаратов в 
системе защиты растений на примере ООО «Грин Голд» 
питомник «Вергер» в Узловском районе Тульской области 
// Научный журнал. – 2020. – №7 (52). – С. 17-19.

22. Вегнер В.Ю. Эколого-таксикологическая оценка 
агроэкосистем // Мировая наука. – 2019. – №1 (22). – C. 
46-53. URL: https://cyberleninka.ru/article/n/ekologo-taksi-
kologicheskaya-otsenka-agroekosistem (дата обращения: 
23.07.2024).

2 3 .  К о л о к о л о в а  Н . Н . ,  К о с о л а п о в а  Л . Ф . 
Микробиология: методические указания. – Тюмень: 
ТюмГУ, 2018. – 72 с. 

24. Shcherban A.B. Chitosan and its derivatives as prom-
ising plant protection tools // Vavilovskii zhurnal genetiki 
i selektsii. – 2023. – №27(8). – С. 1010-1021. https://doi.
org/10.18699/VJGB-23-116.

25. Biswas S., Torchilin V.P. Nanopreparations for organ-
elle-specific delivery in cancer // Adv. Drug. Deliv. Rev. – 
2014. – Vol. 66. – P. 26-41. doi: 10.1016/j.addr.2013.11.004.

26. Курбаналиева А.Е., Смагулова А.М. Сравнение 
фунгицидной активности нанопрепаратов с серой и 
медью на фитопатогенном грибе Erysiphe spp. // Мат. 
XVIII Межд. научн. конф. студентов, магистрантов и 
молодых ученых «Ломоносов – 2023». – Астана, 2023. 
– С. 51-53.

27. Lamichhane J.R., Osdaghi E., Behlau F. et al. Thirteen 
decades of antimicrobial copper compounds applied in agri-
culture. A review // Agron. Sustain. Dev. – 2018. – Vol. 38. – 
P. 28. https://doi.org/10.1007/s13593-018-0503-9. 

28. Jampilek J. Potential of agricultural fungicides for an-
tifungal drug discovery // Expert opinion on drug discovery. 
– 2016. – Vol. 11(1). – P. 1-9. https://doi.org/10.1517/17460

441.2016.1110142.
29. Novochizol™ is a registered trademark of Novochizol 

SA, Route de l’Ile-au-Bois 1A, 1870 Monthey, SWITZER-
LAND. www.novochizol.chi

30. Няникова Г.Г., Маметнабиев Т.Э., Калинкин 
И.П., Гепецкая М.В., Комиссарчик С.М., Елдинова Е.Ю. 
Области применения хитозана // Известия СПбГТИ (ТУ). 
– 2007. – №2. – С. 20-25.

31. Simões D., de Andrade E., Sabino R. Fungi in a One 
Health Perspective // Encyclopedia. – 2023. – Vol. 3. P. 900-
918. https://doi.org/10.3390/ encyclopedia3030064. 

32. Sutton D., Fothergill A., Rinaldi M. The determinant 
of pathogenic and conditionally pathogenic fungi, The World, 
2001, P. 486.

REFERENCES

1. Jackiv K. Gribkovye zabolevanija rastenij i kakie fun-
gicidy primenjat’. (Fungal diseases of plants and what fun-
gicides to use.) Rozhnjatov, Ivano-Frankovsk: Sadovyj 
centr SMT // URL: https://semsad.com.ua/a471916-grib-
kovye-zabolevaniya-rastenij.html. (data obrashhenija 
25.05.2024).

2. Gurov N.A., Evdakova M.V. Bolezni plodovyh i ja-
godnyh kul’tur i mery bor’by s nimi (Diseases of fruit and 
berry crops and measures to combat them) // Nauchnyj zhur-
nal molodyh uchenyh. – 2024. – №1(36). – S. 6-10.

3. Seraja L.G. Bolezni jagodnyh kul’tur (Diseases of berry 
crops) // Sady Rossii. – 2015. – №7. – S. 51-56.

4. Alejnikova M.V. Vidovoj sostav fitopatogennyh gribov 
filloplana smorodiny krasnoj (Ribesrubruml.) (pecies compo-
sition of phytopathogenic fungi of the red currant phylloplane 
(Ribesrubruml.)) // Uspehi sovremennogo estestvoznanija. – 
2011. – №10. – S. 8.

5. Sokirko V.P., Gor’kovenko V.S., Zazimko M.I. Fitopa-
togennye griby (morfologija i sistematika): ucheb. posobie. 
(Phytopathogenic fungi (morphology and systematics): text-
book. manual) – Krasnodar: KubGAU, 2014 – S. 178. 

6. Al’seitova K. Analiz zarazhennosti jagodnyh kul’tur 
dachnyh massivov g. Astany vozbuditeljami mikozov 
(Analysis of infection of berry crops of Astana summer 
cottages with mycosis pathogens) // V sb. statej Mezhd. 
nauchno-prakt. konf. «Studencheskaja nauka: aktual›nye 
voprosy, dostizhenija i innovacii». – Penza: MCNS «Nauka i 
Prosveshhenie», 2024. – S. 66-70.

7. Biswas S., Torchilin V.P. Nanopreparations for organ-
elle-specific delivery in cancer // Adv Drug Deliv Rev. – 2014. 
− 66:26-41. doi: 10.1016/j.addr.2013.11.004. 

8. Mesnage R., Defarge N., Spiroux de Vendômois J., 
Séralini G.E. Major pesticides are more toxic to human cells 
than their declared active principles // Biomed Res Int. – 
2014. – P. 179691. doi: 10.1155/2014/179691.

9. Serova T.A., Titova Ju.A. Mikobiota drevesiny istorich-
eskih pamjatnikov arhitektury Sankt-Peterburga i vozmozhno-
sti ee kontrolja s pomoshh’ju fungicidov (Mycobiota of wood 
of historical architectural monuments of St. Petersburg and the 
possibilities of its control using fungicides) // Vestnik zashh-
ity rastenij. – 2014. – №2. – S. 33.



10

Type: Original Research

10. Shabaaz Begum J.P., Manjunath K., Pratibha S., Dhan-
anjaya N., Sahu P., Kashaw S. Bioreduction synthesis of zinc 
oxide nanoparticles using Delonix regia leaf extract (Gul Mo-
har) and its agromedicinal applications // J. Sci. Adv. Ma-
ter. Devices. – 2020. – Vol. 5. – P. 468–475. doi: 10.1016/j.
jsamd.2020.07.009.

11. Griffith C.M., Woodrow J.E., Seiber, J.N. Environmen-
tal behavior and analysis of agricultural sulfur // Pest manage-
ment science. – 2015. – Vol. 71(11). – P. 1486–1496. https://
doi.org/10.1002/ps.4067.

12. Muyesaier T., Huada R., Li W., Lv J., Ross S., Des C., 
Cordia Ch., Dung P. Agriculture Development, Pesticide Ap-
plication and Its Impact on the Environment // International 
Journal of Environmental Research and Public Health. – 2021. 
– Vol. 18. – P. 1112. https://doi.org/10.3390/ijerph18031112.

13. Ayres P.G., Millardet A. France’s forgotten mycolo-
gist // Mycologist. – 2004. – Vol. 8(1). – P. 23-26. https://doi.
org/10.1017/S0269915X04001090. 

14. Stevenson J., Barwinska-Sendra A., Tarrant E., Wal-
dron K. Mechanism of action and application of the anti-
microbial properties of copper // Microbial Pathogens and 
Strategies for Combating Them: Science, Technology and Ed-
ucation. – 2013. – P. 468-479. 

15. Grass G., Rensing C., Solioz M. Metallic copper as an 
antimicrobial surface // Appl. Environ. Microbiol. – 2011. – 
Vol. 77(5). – P. 1541-7. https://doi.org/ 10.1128/AEM.02766-
10.

16. Yeon J., Park A.R., Nguyen H.T.T., Gwak H., Kim J., 
Sang M.K., Kim J.C. Inhibition of Oomycetes by the Mix-
ture of Maleic Acid and Copper Sulfate // Plant Dis. – 2022. 
– Vol. 106(3). – P. 960-965. https://doi.org/10.1094/PDIS-07-
21-1559-RE.

17. Lombardo M.F., Panebianco S., Azzaro A., Catara V., 
Cirvilleri G. Assessing Copper-Alternative Products for the 
Control of Pre- and Postharvest Citrus Anthracnose // Plants 
(Basel). – 2023. Vol. 12(4). – P. 904. https://doi.org/10.3390/
plants12040904.

18 Clippinger J.I., Dobry E.P., Laffan I., Zorbas N., Hed 
B., Campbell M.A. Traditional and Emerging Approaches for 
Disease Management of Plasmopara viticola, Causal Agent of 
Downy Mildew of Grape // Agriculture. – 2024. – Vol. 14(3). 
– P. 406. https://doi.org/10.3390/agriculture14030406. 

19. Pasca S., Florian V., Suciu A. Potato late blight control 
with different copper fungicides // Research Journal of Agri-
cultural Science. – 2019. – Vol. 51 (4). – P. 127.

20. Homenko I.I., Burlaka V.S., Slon’ A.S., Kreckij I.V. 
Osnovy zashhity smorodiny chernoj v zone lesostepi Ukrainy 
(Fundamentals of black currant protection in the forest-steppe 
zone of Ukraine) // Rossijskij jelektronnyj nauchnyj zhurnal. 
– 2014. – №8(14). – S. 254.

21. Syrovatko S.E. Analiz rezul’tata issledovanij i aktu-
al’nost’ prakticheskogo primenenija biopreparatov v sisteme 

zashhity rastenij na primere OOO «Grin Gold» pitomnik 
«Verger» v Uzlovskom rajone Tul’skoj oblasti (Analysis of 
research results and relevance of practical application of bi-
opreparations in plant protection system on the example of 
Green Gold LLC, Verger nursery in Uzlovsky district of Tula 
region) // Nauchnyj zhurnal. – 2020. – №7 (52). – S. 17-19.

22. Vegner V.Ju. Jekologo-taksikologicheskaja ocenka 
agrojekosistem (Ecological and taxicological assessment of 
agroecosystems) // Mirovaja nauka. – 2019. – №1 (22). – C. 
46-53. URL: https://cyberleninka.ru/article/n/ekologo-taksi-
kologicheskaya-otsenka-agroekosistem (data obrashhenija: 
23.07.2024).

23. Kolokolova N.N., Kosolapova L.F. Mikrobiologija: 
metodicheskie ukazanija. (Microbiology: guidelines.) – Tju-
men’: TjumGU, 2018. – 72 s.

24. Shcherban A.B. Chitosan and its derivatives as prom-
ising plant protection tools // Vavilovskii zhurnal genetiki 
i selektsii. – 2023. – №27(8). – С. 1010-1021. https://doi.
org/10.18699/VJGB-23-116.

25. Biswas S., Torchilin V.P. Nanopreparations for organ-
elle-specific delivery in cancer // Adv. Drug. Deliv. Rev. – 
2014. – Vol. 66. – P. 26-41. doi: 10.1016/j.addr.2013.11.004.

26. Kurbanalieva A.E., Smagulova A.M. Sravnenie fun-
gicidnoj aktivnosti nanopreparatov s seroj i med’ju na fito-
patogennom gribe Erysiphe spp. (Comparison of fungicidal 
activity of nanopreparations with sulfur and copper on the 
phytopathogenic fungus Erysiphe spp.) // Mat. XVIII Mezhd. 
nauchn. konf. studentov, magistrantov i molodyh uchenyh 
«Lomonosov – 2023». – Astana, 2023. – S. 51-53.

27. Lamichhane J.R., Osdaghi E., Behlau F. et al. Thirteen 
decades of antimicrobial copper compounds applied in agri-
culture. A review // Agron. Sustain. Dev. – 2018. – Vol. 38. – 
P. 28. https://doi.org/10.1007/s13593-018-0503-9. 

28. Jampilek J. Potential of agricultural fungicides for an-
tifungal drug discovery // Expert opinion on drug discovery. 
– 2016. – Vol. 11(1). – P. 1-9. https://doi.org/10.1517/17460
441.2016.1110142.

29. Novochizol™ is a registered trademark of Novochizol 
SA, Route de l’Ile-au-Bois 1A, 1870 Monthey, SWITZER-
LAND. www.novochizol.chi

30. Njanikova G.G., Mametnabiev T.Je., Kalinkin I.P., 
Gepeckaja M.V., Komissarchik S.M., Eldinova E.Ju. Oblasti 
primenenija hitozana (Areas of application of chitosan) // Iz-
vestija SPbGTI (TU). – 2007. – №2. – S. 20-25.

31. Simões D., de Andrade E., Sabino R. Fungi in a One 
Health Perspective // Encyclopedia. – 2023. – Vol. 3. P. 900-
918. https://doi.org/10.3390/ encyclopedia3030064. 

32. Sutton D., Fothergill A., Rinaldi M. The determinant 
of pathogenic and conditionally pathogenic fungi, The World, 
2001, P. 486.



11

Journal of Biological Research 1 (1), 2024: pp. 1-11. 

УДК 630*844.4:362.4.01/08:634.73(045)

ЧУВСТВИТЕЛЬНОСТЬ ФИТОПАТОГЕНОВ ЯГОДНЫХ КУЛЬТУР К НАНОПРЕПАРАТАМ 
НОВОХИЗОЛЯ IN VITRO

Альсеитова К.А.1, Кухар Е.В.1,*, Фоменко В.В.2, Каргаполов Ю.С.3

1Казахский агротехнический исследовательский университет им. С. Сейфуллина, пр. Жеңіс, 62, г. Астана, Респу-
блика Казахстан
2Новосибирский институт органической химии им. Н.Н. Ворожцова СО РАН, г. Новосибирск, Российская Федерация
3ООО «Биоаванта», г. Новосибирск, Российская Федерация

*Автор-корреспондент, Кухар Е.В., kucharev@mail.ru.

АБСТРАКТ

Грибковые заболевания широко распространены среди сельскохозяйственных растений, составляя более 80% 
всех болезней. Например, ягодные культуры подвержены ряду грибковых инфекций, таких как головня, ржавчина 
и корневая гниль. В некоторых регионах эти заболевания могут вызывать потери урожая, превышающие 70%. По-
казано in vitro фунгицидное действие нанопрепаратов «Новохизол», содержащих серу и медь, на патогенные грибы 
родов Alternaria и Fusarium. Анализ чувствительности Alternaria tenuis и Fusarium solani к данным нанопрепара-
там выявил, что наибольшую чувствительность возбудители альтернариоза проявили к препаратам № 1, № 2, № 3, 
№ 11 и № 9. Аналогично, Fusarium solani был наиболее чувствителен к препаратам № 1, № 2 и № 3. Чувствитель-
ность Alternaria tenuis к нанопрепаратам «Новохизол» положительно коррелирует с их фунгицидными и фунгиста-
тическими свойствами с коэффициентом корреляции 0,845. Напротив, чувствительность Fusarium solani к этим же 
нанопрепаратам показала более слабую положительную корреляцию с коэффициентом 0,596.

Ключевые слова: нанопрепарат, Новохизоль, фитопатогенные грибы, фунгицидная активность, чувствитель-
ность, ягодные культуры.
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АҢДАТПА

Саңырауқұлақ аурулары ауылшаруашылық өсімдіктерінің арасында кең таралған, барлық аурулардың 80% -дан 
астамын құрайды. Мысалы, жидек дақылдары қоқыс, тот және тамыр шірігі сияқты бірқатар саңырауқұлақ инфек-
цияларына сезімтал. Кейбір аймақтарда бұл аурулар 70%-дан астам егіннің жоғалуына әкелуі мүмкін. Құрамында 
күкірт пен мыс бар Novohizol нанопрепараттарының Alternaria және Fusarium тектес патогенді саңырауқұлақтарға 
in vitro фунгицидтік әсері көрсетілді. Осы нанопрепараттарға Alternaria tenuis және Fusarium solani сезімталдығын 
талдау Альтернария қоздырғыштары №1, №2, №3, №11 және №9 препараттарға ең жоғары сезімталдықты көрсет-
кені анықталды. Сол сияқты Fusarium solani №1, №2 және №3 препараттарға ең сезімтал болды. Alternaria tenuis 
«Новохизол» нанопрепараттарына сезімталдығы олардың фунгицидтік және фунгистатикалық қасиеттерімен 0,845 
корреляция коэффициентімен оң корреляцияланады. Керісінше, Fusarium solani-нің бірдей наномедәрілерге сезімтал-
дығы 0,596 коэффициентімен әлсіз оң корреляцияны көрсетті. 

Түйін сөздер: нанопрепарат, Новохизоль, фитопатогенді саңырауқұлақтар, фунгицидтік белсенділік, сезімтал-
дық, жидек дақылдары.


