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ABSTRACT

The high quality of the seeds is one of the main agronomic requirements that ensure high and stable yields
of crops with other conditions being optimal. Seeds are the source of preserving many pathogens, as they
are rich in proteins and minerals, and are a good nutrient substrate for pathogenic fungi and bacteria. The
effect of insect fungicides, insecticides, growth stimulants, and treaters on the seed microflora and the
seeding qualities of maize seeds was assessed in the laboratory conditions. The effectiveness of 23 developed
protective and stimulating compositions on maize seeds was also assessed in the laboratory conditions.
The study was aimed at performing the phytoexpertise of maize seeds and developing protective and
stimulating compositions for their rehabilitation. According to the results of the studies, it has been found
that treating maize seeds with protective and stimulating compositions suppresses fungal and bacterial
infections of the seeds, improves their sowing qualities and the growth rate of the seedlings, and preventing
seed mold.
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Introduction

The agricultural sector of Kazakhstan has faced sev-
eral serious problems in recent years. To resolve
them, the Government of Kazakhstan has devel-
oped the Agribusiness 2020 Program for the Devel-
opment of the Agribusiness Complex of the Repub-
lic for 2013 – 2020, mainly aimed at improving the
competitiveness of agricultural products.

The high quality of the seeds is one of the main
agronomic requirements that ensured high and
stable yields of crops with other conditions being
optimal.

Seeds are the source of preservation of many
pathogens, as they are rich in proteins, and miner-
als, and are a good nutrient substrate for pathogenic
fungi and bacteria (Lebedintseva and Tyuterov,
1994; Begunov et al., 2003).

The pathogens that remain in the seeds cause sig-
nificant crop losses and deteriorate the grain qual-
ity. Also, seedlings and primary roots have soft cov-
ers, through which the pathogens easily penetrate
from the soil (Novikov et al., 2015; Agaev et al., 2009;
Gerasimenko, 2007).

In the food and fodder production, maize grain
takes a leading position. It is used for obtaining
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more than 150 food, fodder, and technical products
(cereals, concentrated combined feeds, flour, cereal,
flakes, etc.); the chemical composition of maize
grain includes on average about 10 % of protein, up
to 5 % of oil, and 70 % of starch. Of the cereal crops,
maize grain has the highest energy value (338 kcal).

For the farmers involved in cereal crop cultiva-
tion, it is important to have a high-quality and safe
growth stimulant. A good maize growth stimulant
would speed up the process of plant development,
and strengthen its state and resistance to various
diseases (Belyea et al., 2004; Cunha and Filho, 2010).
Besides, the growth stimulant has a significant effect
on the quality and the yield. Therefore, many entre-
preneurs involved in agricultural activities purchase
highly efficient and qualitative growth stimulants
for the crops cultivated. However, most of them are
unable to effectively suppress seed infections (Grain
crop seed treatment, 2014; Supriunov, 2013). At the
same time, seed treaters, while inhibiting seed infec-
tion in most cases, do not have a positive effect on
the germination, the growth, and the development
of the plants. To improve their effectiveness, their
joint application is required. A combination of these
two means of protection will allow developing an
effective method of seed treatment (Sotchenko et al.,
2009; GOST 12038-84, 2004).

The preparation of seed material and choosing a
proper disinfectant provide a possibility to prevent
the development of diseases in the field and to ob-
tain good healthy seedlings.

Methods

During the phytoexpertise of the agricultural crop
seeds from the Agropark Ontustik LLC, the seeding
qualities of maize were assessed following GOST
10467-76 (the germination vigor on days 3 and 5, the
laboratory germination on day 7). The seeding
properties of the seeds were determined in humid
chambers placed in athermostat at 24 oC. The germi-
nation vigor was assessed on day 3 after starting the
experiment; the laboratory germination was as-
sessed on day 7 by the number of germinated seeds.
The effect of treatment on the bacterial and fungal
infection of the seeds was determined on the potato
dextrose agar (PDA) nutrient medium. With that,
the absence of microflora around the seeds was
marked by (-), weak growth — by (+), medium
growth — by (++), and intensive growth — by
(+++). The preliminary phytoexpertise of the seeds
performed according to methodical instructions

showed the level of their infestation by the fungal
and bacterial microflora.

With that, the number of the affected seeds and
seedlings was accounted for; the species composi-
tion of the fungal and bacterial microflora was de-
termined during the phytoexpertise. The analyses
were made in two nutrient media: PDA and
Czapek’s agar (CZA), following the guidelines of
N.A. Naumova, Seeds Analysis for Fungal and Bac-
terial Infection (Naumova, 1970). The fungal and
bacterial microflora was determined according to
the morphological characteristics of the colonies of
bacteria and fungi and their pure cultures. The mor-
phological characteristics of the fungi were also ex-
amined by sporulation microscopy, and those of the
bacteria — by testing their pathogenic properties.

The pathogenic properties of the isolated bacteria
were tested using the infective-infiltration method
of Clement by the hypersensitivity reactions on in-
dicator plants – pelargonium (Pelargonium zonala L.)
and potato tubers. On day 2, the bacteria caused tis-
sue necrosis (hypersensitivity reaction) on pelargo-
nium and maceration (rot) on potato tubers.

Results and Discussion

Maize seeds preparation for seeding should start
with a mandatory phytopathological examination
of the seeds, including the microbiological analysis
of the composition of fungal and bacterial phyto-
pathogens. The study was aimed at performing the
phytoexpertise of the seeds and developing protec-
tive and stimulating compositions for their rehabili-
tation.

During the phytoexpertise of maize seeds in the
laboratory conditions, their seeding qualities and
the number of the affected seeds and seedlings were
established. As a result of the phytopathological
analyses, their fungal and bacterial infestation was
detected.

It is evident from Table 1 that the seeding quali-
ties of the analyzed seeds comply with the require-
ments of GOST 10467-76 and relate to classI. A large
share (31%) of the affected seedswas found.

The affected seeds identified during the analysis
can weaken the seedlings, cause thinning of the
crops, and affect the growth, development, and pro-
ductivity of the plants (Figure 1).

During the phytoexpertise, the dominant fungal
and bacterial microflora was determined usingthe
phytopathological analyses of maize seeds.
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The results of the phytopathological analyses
showed (Table 2) that all analyzed samples of maize
seeds were heavily infected by the fungal and bac-
terial microflora. The overall seed infestation rate
was 100 %. With that, all samples were dominated
by the fungi of genus Fusarium; saprophytic species
of the fungi of genera Alternaria, Mucor, and
Aspergillius that cause seed mold were also found.
Up to 71.4% of all analyzed seeds were infected
with the bacterial microflora.

The seeds phytoexpertise revealed infestation by
a complex of fungal and bacterial microflora, which
upon swelling would rapidly proliferate and create
an infectious background for molds, plant root rot,
Fusarium blight, Alternaria leaf spot, and bacterio-
sis during the vegetation period, degrade the qual-
ity of the seeds sown, and reduce the germination
vigor and plant productivity. Besides, they can pro-
duce toxins that affect the physiological processes in

plants. The level of the analyzed seeds infestation
with the fungal and bacterial infection requires ef-
fective pre-sowing treatment with the preparations
that have fungicidal and bactericidal properties, and
with their combinations with stimulants that acti-
vate the physiological processes in plants.

To develop the maize protective stimulating
compositions, seed dressers (fungicides,
insectofungicides, insecticides, and stimulants) were
chosen based on the laboratory studies (Sagitov et
al., 2014). All preparations were tested in the recom-
mended dosages.

The effectiveness of 23 developed protective and
stimulating compositions on maize seeds was as-
sessed in the laboratory conditions. Based on the
studies, the most effective protective and stimulat-
ing compositions were chosen that had a positive
effect on the seeding properties of the seeds (the
germination vigor and the laboratory germination)
and the growth vigor of the seedlings and the root
system, effectively inhibitedthe fungal and bacterial
microflora of the seeds, and reduced the number of
affected maize seeds and seedlings (Sultanova et al.,

Table 1. The seeding qualities of the maize seeds (a humid chamber)

Variety Germination vigor, % Laboratory The number of
Day 3 Day 5 germination,%  the affected seeds

Day 7 and seedlings, %

Porumben 456 49.0 94.0 99.0 31.0

Fig. 1. Maize seeds germination rate

Table 2. Maize seeds infestation by fungal and bacterial microflora (the nutrient medium)

Variety The number Fungal microflora, % Bacterial
of the Alternaria Fusarium Mucor Aspergillius Penicillium Bipolaris microflora,

affected %
seeds and

seedlings, %

Porumben 456 100.0 14.2 42.8 57.1 85.7 14.2 - 71.4

Fig. 2. Maize seeds treatment with a protective stimulat-
ing composition
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2019). The results of assessing their effectiveness in
the laboratory conditions are shown in Table 3 and
Figure 2.

Table 3 shows that all variants of the protective
and stimulating compositions had a positive effect
on the seeding qualities of maize seeds. The germi-
nation vigor was 2 – 8% higher than in the reference,
and the laboratory germination was 2 – 6% higher.
More intensive growth was observed in all variants,
compared to the reference. In the variants of seed
treatment with protective and stimulating composi-
tions, the number of the affected seeds and seed-
lings was in the range between 0.6 and 1.4%.

All protective and stimulating compositions had
a positive effect on the seeding properties of the
seeds. The biological effectiveness was not signifi-
cantly different in the variants of the experiment
and amounted to 96 – 98 %.

The laboratory experiments showed that seeds
treatment with protective and stimulating composi-
tions inhibited the fungal and bacterial infections of
the seeds, improved their seeding properties and
the growth vigor of the seedlings, and preventedthe
seed mold; the biological effectiveness against the
diseases of seeds and seedlings was 96.0 – 98.0%.

Conclusion

Thus, treating maize seeds with protective and
stimulating compositions suppresses fungal and
bacterial infections of the seeds, improves their sow-

ing qualities and the growth rate of the seedlings,
preventing seed mold.

Mandatory seed material examination for infesta-
tion with the pathogen microflora is required for the
comprehensive assessment of its quality. In protect-
ing maize from diseases, one of the main techniques
is high-quality seed treatment. During such treat-
ment, it is necessary to choose a proper treater based
on the results of seeds phytoexpertise and its deter-
mined action. This protects the plants from seed and
soil infestation with the pathogen microflora in the
early stages of development and improves the field
germination.

Based on studying each batch of the seeds, the
specialists of the institute choose the most effective
preparations against the identified pathogens, as
well as the norms and peculiarities of using the
preparations.

References

Agaev, G. M., Monakov, S. B. and Subkhankulov, A. A.
2009. Effectiveness of seed treaters in a mixture with
growth regulators. Plant Protection and Quarantine.
12: 22-23.

Begunov, I. I., Bachinskiy, S. D. and Chukhov, I. V. 2003.
Seed treatment with composite mixtures. Plant Pro-
tection and Quarantine. 3: 32–33.

Belyea, R.L., Rausch, K.D. and Tumbleson, M.E. 2004.
Composition of corn and distillers’ dried grains with
solubles from dry grind ethanol processing.
Bioresource Technology. 94 : 293-298.

Table 3. The effectiveness of processing the maize seeds with protective and stimulating compositions

Variants Germination Laboratory The The Biological
vigor, %  germination intensity of number of effectiveness,

rate, % seedlings the affected %
development, %    seeds and

seedlings, %

Reference 90 92 + 34 -
TMTD w.s.c. + Celeste-top 312.5 s.c.+ Extrasol 94 98 +++ 1 97.0
TMTD w.s.c. + Celeste-top 312.5 s.c.+ 94 98 +++ 0.6 98.0
potassium humophosphate
TMTD w.s.c. + Celeste-top 312.5 s.c.+ 98 100 +++ 1.4 96.0
Ensure perform 12% s.c.
TMTD w.s.c. + Celeste-top 312.5 c.s+ 92 96 ++ 1.4 96.0
Certicore 050 s.c.
TMTD w.s.c. + Celeste-top, 312.5 s.c.+ 94 98 ++ 1.0 97.0
Maxim 0.25 s.c.
TMTD w.s.c. + Celeste-top 312.5s.c.+ 96 98 ++ 1.3 96.2
Aminopool

Note: + low intensity, ++ medium intensity, +++ intensive development



SYLTANOVA ET AL 587

Cunha, S. and Filho, W. 2010. Avanços tecnológicos na
obtenção de etanol a partir de sorgo sacarino. Tecno-
Lógica. 14 : 69–75.

Gerasimenko, V. Y. 2007. The use of the TMTD-plus seed
treater that contains a growth regulator in the tech-
nology of ultra-early seeding of maize. Agricultural
Biology. 3: 101-105.

GOST 12038-84. Agricultural seeds. Methods for determination
of germination. Text: methods of analysis. 2004. Mos-
cow: Publishing House of Standards, pp. 32-60.

Grain crop seed treatment. 2014. Appendix to Journal Plant
Protection and Quarantine. 2 : 40.

Lebedintseva, A. M. and Tyuterov, L. S. 1994. The strategy
and tactics of using protective and stimulating com-
positions for crops seed treatment. Agrochemistry. 10:
76-80.

Naumova, N. A. 1970. Seed Analysis for Bacterial and Fun-
gal Infestation. Leningrad: Kolos, pp. 207.

Novikov, V.M., Koltsov, D.N. and Rekashus, Je.S. 2015.
Growing promising maize hybrids in the Smolensk
region and its economic value. International Research
Journal. 8 (39): 44-46.

Sagitov, A. O., Dzhaymurzina, A. A., Umiralieva, Z. Z. and

Kopzhasarov, B. K. 2014. The protective and stimulat-
ing composition for treating seeds of vegetable crops
against fungal and bacterial infections. Materials of the
reports of participants of the 8th “Anapa – 2014”
Conference. Prospects of using new forms of fertil-
izers, plant protection products and plant growth
regulators in the agricultural technologies for crops,
May 26 – 30, 2014, SSE All-Russian Research Insti-
tute of Agrochemistryn.a. D. N. Pryanishnikov, pp.
251 – 252.

Sotchenko, E. F., Sotchenko, Y. V., Ivashchenko, V. G. and
Alekseeva, O. V. 2009. Effectiveness of Vitavax 200
FF against maize dust and boil smut. Plant Protection
and Quarantine. 2: 27–28.

Sultanova, N.Zh., Bekezhanova, M.M., Sarsenbaeva, G.B.,
Jaimurzina, A.A., Ussembaeva, Zh.S. and Sagitov,
A.O. 2019. Results of phyto expertise of agricultural
cultures seeds. News of the National Academy of Sci-
ences of the Republic of Kazakhstan series of Agricultural
sciences. 5(53) : 16–21.

Supriunov, A. I. 2013. Assessment of a new source mate-
rial for breeding mid-seasonand middle-late maize
hybrids. Maize and Sorghum. 4 : 24-29.


