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The article is devoted to studying a new generation of plant growth regulators
with multi-functional action that are able to simultaneously stimulate growth and
development, and to increase adaptability to adverse environmental factors, as well as to
influence in the future the resistance of potatoes to diseases, showing strong anti-fungi
and antibacterial activity, and ensuring protection from viruses and viroids. In course of
the experiment, we studied the effect of growth stimulants (HB-101, Agat-25K and Gumi-
20) on productivity and quality of potatoes micro plants of the early maturity varieties
of domestic (the Udacha variety) and foreign (the Red Scarlet variety) selection obtained
by the method of apical meristem in vitro and cultivated in greenhouses. The first
spraying with these growth promoters was performed in the budding phase, the next two
- with an interval of 7 days. The obtained results allow assuming perspective the use of
the NV-101 and Agat-25K growth stimulants. A more substantial increase in growth and
productivity, as compared to the reference group, was observed after processing domestic
Udacha variety with the NV-101 stimulator, and increased resistance to late blight was
ensured by a growth regulator with bio-fungicide activity Agat-25K. According to the
results of enzyme immunoanalysis (EIA), the viral and bacterial infection is absent in
plants in all studied variants. Thus, using growth regulators in the initial stages of the
original seed is a promising method, the use of which is necessary due to the varietal
characteristics.
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In modern conditions, increasing
efficiency of potatoes productionisonly possible
through the use of healthy potatoesin combination
with acomplex of mandatory agricultural practices
with biological aspect, which limits spreading
infectious diseases during the vegetation season

* To whom all correspondence should be addressed.

and promotes greater productivity (Anisimov,
2003).

To solve this problem, it is necessary to
use biologically active substances with complex
action. As indicated by many authors (Zasorin et
al., 2010; Lobachev, Avdienko, 2010; Sekhon and
Singh, 1985; Harmey et al., 1966; Rai et al., 2011),
the use of phyto regulators for potatoes has
positive effect on their growth and development
and enhances their genetic potential.



562

The role of growth regulators today has
increased dramatically, due to aggravation of
contradictions between the need to use chemical
substances for increasing productivity, and the
harm to human health and the environment from
using them. In this case, it is necessary to use
environmentally friendly low-toxic preparations
that are cost-effective.

Decreasing the scope of using chemicals
for protecting many crops, including potatoes,
promotes increased use of growth regulatorswith
bio-fungicide activity, which not only
biochemically inhibit growth of pathogens, but
improve plant resistanceto adversefactorsaswell.
It also promotes the use of growth regulators that
have no effect on pathogens, but stimulate growth,
development and anti-stress activity, which
increasestheir resilience (Cheremisin, Yakimova,
2011; Kozlov, 2013).

Thus, according to some researchers
(Vakulenko, 2004; Zakharin, Pigorev, 2005;
Ustimenko, Postnikov, 2009; Vert et .., 2005; Zhu,
2002; Divi et al., 2010; Krischna, 2003; Kagale et
al., 2007) with the advent of new generation of
regulators, an opportunity appeared to managethe
process more efficiently, to increase plants’
resistance to stress conditions in greenhouses (at
high temperatures), and to improve quality and
quantity of tubers.

Today we usegrowth regulatorslikeepin,
zircon, gumi. They do not require significant
expenses for processing plants, but increase
productivity and quality of improved potatoes
(Uskov, 2009; Orlov, 2004; Bobrik, 2001; Tarazanov,
Ignatiev, 2013). They have been studied in many
works focused on plants cultivation both in the
open and in greenhouses (Kirdey, Belyaeva, 2012;
Petrov et al., 2002; Brian L. Rex, 1992). However,
there are other growth regul ators, effectiveness of
which has been studied insufficiently, particularly
in the system of cultivation original potatoes for
obtaining improved material for varietiesof various
origins (domestic and imported). Therefore,
studying growth regulatorsis an urgent task today.
In this regard, our research is aimed at studying
the effect of growth regulators on the productivity
and the quality of meristematic plantscultivatedin
greenhouses.
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Themethods

The experimental work was performed at
the biotechnology laboratory and in the
greenhouse of LLC “Elitekhoz” inthe Bor district
of the Nizhny Novgorod regionin 2013-2014. The
invitro meristematic plantsof the Udacha (domestic
breeding) and the Red Scarlet (foreign breeding)
potato varieties belonging to the early maturity
group obtained in the laboratory were used in the
experiments. Theoriginal test tube material of these
varieties for micro-propagation had been
purchased from the collection of the All-Russian
Research Institute of Potato Breeding (Moscow
region).

A mixtureof peat andriver sandinthe 3:1
ratio was used as the substrate in the greenhouse.
The agrochemical characteristics of the soil were
asfollows: massfraction of humuswas 3.0 %, pH
was 5.64, mobile phosphorus content was 220 mg/
kg, and the content of exchange potassium was
162 mg/kg soil.

The experiment setup included the following
variants:

1 (Reference) —without treatment;
Gumi-20—7.5ml/51 of water;

Agat-25K —20 g/5| of water;
HB-101-0.2ml/51 of water.

Thefirst treatment with the preparations
was performed in the budding phase, thefollowing
two—in 7 daysintervals. A knapsack sprayer was
used for treatment.

The experiments were started and
statistically processed in accordance with
established methods (Dospekhov, 1985). Thetotal
areaof the plot was 28 mz, the accounting areawas
14 m2, the experiment wasrepeated 4 times, and the
plots were located systematically. The planting
pattern was 70x24 cm.

During the vegetation period, in the
conditions of the greenhouse, we determined the
biometric parameters of the plants, theyield, and
the incidence of potato diseases. Visual
assessment and viral testing of the plants were
performed using the EIA method. The harvest was
assessed by weighing al tubers from the plot.

During the vegetation season, the potato
plants were watered as needed, and treated with
the Akhtara insecticide against the Colorado
potato beetle.

N
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RESULTSAND DISCUSSION

It has been established that not all
studied growth factors had asignificant impact on
the productivity and the quality of theinvitromicro
plants. Moreover, reaction of the varieties to
processing with various growth regulators was
different, too.

The use of growth regulators had a
positive impact on the biometric indicators of
plants(Table. 1).

Spraying with growth regulators had a
positive effect on increasing the aboveground and
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the underground weight of micro plants in the
conditions of a greenhouse. The greatest plant
height (59.2 cm), the maximum number of stems
(5.9 pcg/plant) and the weight of roots (32.8 g)
were observed in the Udacha variety when HB-
101 was used. The use of thisgrowth regulator on
the Red Scarlet variety wasless effective; however,
compared to thereference variant, theincrease was
16.1 %, 29.2% and 16.2 %, respectively.

As the height of the main stems
increased, their quantity in a bush increased, too.
The greatest number of stems was noted in the
variants processed with HB-101, where the excess

Table 1. Influence of growth regulators on the biometric indicators of potato plants
in agreenhouse (the average valuesfor years 2013-2014)

Variant Plant Number of stems, Weight of
height, cm pcs./plant roots, g

the Udacha variety

Reference 481 41 26.9
Agat-25K 50.1 51 30.9
Gumi-20 48.8 5.0 29.8
HB-101 59.2 5.9 328
HCP, 11 0.8 24
Red Scarlet variety

Reference 48.3 4.0 25.9
Agat-25K 50.1 49 28.1
Gumi-20 485 45 259
HB-101 56.1 53 30.1
HCP,, 11 0.6 23

Table 2. Influence of growth regulators on the productivity of
potato plantsin a greenhouse (the average values for years 2013-2014)

Variant Yield Quantity of tubers, Weight of
g/plant. t/ha pcs/plant. 1 tuber, g
the Udacha variety
Reference 304.3 18.3 6.9 44.1
Agat-25K 386.3 232 7.9 489
Gumi-20 346.3 20.8 7.4 46.8
HB-101 490.0 29.4 8.6 57.0
HCP, 28.1 0.9 2.4
Red Scarlet variety
Reference 304.6 18.3 6.8 44.8
Agat-25K 392.8 23.6 8.2 47.9
Gumi-20 335.1 20.1 7.3 459
HB-101 422.5 253 8.4 50.3
HCP, 24.7 11 32
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over the reference group was 43.9-32.5 %,
depending on the variety. Agat-25K and Gumi-20
preparationsin thisexperiment had aworse effect,
as compared to the reference — 12.5 to 24.4 %,
depending on thevariety. The Udachavariety had
the greater number of stems.

Along with increasing the vegetative
mass, an increase in the underground parts of
plants was noted. The weight of roots during the
vegetation periodin all experimental variantswith
both varieties exceeded that in the reference
variant. The greatest weight of roots that
contributed to increased yield was noted in the
variant that has been treated with HB-101, as
compared to the reference, by 21.9 and 16.2 %,
depending on the variety.

The results of our previous experiments
(Uromova, 2009) showed that stronger root system
consumed the nutrients and moisture from the soil
more productively, which promoted plants’
resistance to adverse environmental factors and
resulted in higher productivity of potato plants.

It may be stated in general that the
studied growth regul ators had significant influence
on development of the bush, which, in the end,
determined the yield of tubers.

The analysis of the obtained data about
theeffect of growth regulatorson theyield of micro
plantsin greenhouses showed that all preparations
contributed to increasing the yield (Table 2). The

Table 3. Influence of growth regulators on the
occurrence and the development of late blight in
potato vine in the conditions of a greenhouse (the
averagefor 2013-2014)

Variant Occurrence  Development
rate, % , %
the Udacha variety
Reference 6.1 4.8
Agat-25K 18 16
Gumi-20 31 30
HB-101 33 3.0
HCP,, 0.9 11
Red Scarlet variety
Reference 6.2 53
Agat-25K 2.0 20
Gumi-20 34 3.0
HB-101 34 3.0
HCP,, 12 0.8
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maximum yieldincrease (60.6-38.2 %) wasobserved
inthevariant where HB-101 was used, as compared
to the reference with both varieties. Efficiency of
Gumi-20 in terms of increasing the yield was
considerably lower (13.6t0 9.8 %).

The obtained data make it possible to
state that the use of growth regulators increased
the productivity of potato bushes of the studied
varieties. The most effective onewasHB-101, the
use of which resulted in anincrease by 61.0 % for
the Udacha variety, as compared to the reference.
A lower but still significant increase was obtained
with the Red Scarlet variety. TheAgat-25K and the
Gumi-20 preparationswere less effective.

Stimulation of tuber formation resulted in
increasing the reproduction factor, which was
essential for cultivating potatoes. The highest
reproduction rate was observed in the variants
where HB-101 was used, which exceeded the
reference by 24.6 to 23.5 %, depending on the
variety. However, using HB-101 also showed a
tendency to increasing the average fraction of the
tubers of the studied varieties. The average weight
of onetuber on these variantswas 57.0 g and 50.3
0, which was higher than the reference by 29.3%
and 12.3 %, respectively. Increasing the average
weight of one tuber under the action of the Agat-
25K and Gumi-20 preparation wasinsignificant for
both varieties.

The results of our research showed that
the HB-101 growth regulator featured high
biological activity, which contributed to a more
complete implementation of potatoes’ genetic
potential. Thiswas manifested inincreasing growth
and development of plants, which allowed the
plants to endure excessive moisture or drought,
increase resistance to diseases and stress, and
ultimately resulted in increased yield, especially
for the domestic varieties.

In the process of cultivating micro plants
in greenhouses, growth regulators had an effect
ontheyield, quantity of mini-tubersand fractional
composition of the studied varieties. The highest
efficiency was manifested for the Udacha variety
treated with HB-101. Using this preparation for
cultivating mini-tubers by the seedlings' method
increased the yield by 61.0 to 38.7 %, the
reproductionrate- by 24.6t0 23.5 % and theaverage
weight of onetuber by 29.3 to 12.3 %, depending
on the variety.
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Out of fungal diseases, visual inspection
of potato vinerevealed only late blight (Table. 3).
Dueto the fact that we used improved micro plants
obtained by the in vitro apical meristem method,
no bacterial and viral diseases were detected. The
results of enzyme immunoanalysis (EIA) also
showed the absence of viruses in all variants of
the experiment.

Thelowest occurrence rate of the disease,
and its development on the leaves were noted for
the Udachavariety in case of usingAgat-25K (70.5
to 66.7 %). In other variants, the occurrence rate
and the development of the disease were higher,
and amounted to 46.0-37.5 %, as compared to the
reference. For the Red Scarlet variety, these
preparations showed weaker protective action. By
the years of the research, the difference in the
occurrence rate and development of the disease
were not so significant, since in a greenhouse,
humidity is maintained by watering, and does not
depend on external factors. This fact has been
proved by the data obtained by other authors (Bari
and Jones, 2009; Uromovaet. a., 2013). Therefore,
some authors (Katikov, 2011; Filippov, 2005) insist
that nowadays the aggressiveness of
the Ph. infestans pathogen has significantly
increased, and manifestations of late blight are seen
after almost twice shorter period of liquid water
drips presence on the leaves. In this regard, the
number of pathogen generations during the
growing season increases, which is especially
expressed in the conditions of greenhouses.

It should be noted that in the years of the
research, intensity of late blight development
during the growing season was low, and mostly
depended on the use of growth stimulants,
especially those with bio-fungicide effect, and less
on the varietal characteristics. The advantage of
this preparation is the fact that it not only
suppresses pathogens, but also enhances the
immune potential of plants, and thereby increases
their resistance to adverse factors. Resistance of
the Udacha variety to late blight was constant
during all years of the studies, only the occurrence
rate and development of disease changed, which
was confirmed by the data obtained in the field
experiments (Uromova, 2009).
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CONCLUSON

Comparing efficiency of the studied
growth regulators, one can come to a conclusion
about unequal responsiveness of the studied
varieties to using these preparations. Among the
studied species, a considerable increase in
productivity, as compared to the reference, was
only observed in case of treating the domestic
early-maturing Udachavariety with HB-101, while
increased resistance to | ate blight was ensured by
the Agat-25K preparation for the same variety.
Thus, in the initial stages of the original seed
production, the use of growth regulators with
regard to varietal characteristics is a promising
technique that makes it possible to increase
productivity and quality of the meristematic
material. Therefore, studying growth regulatorsis
urgent at present, since each type of regulator
should be studied individually, in relation to the
varietal characteristics of the potato plants.

The research resulted in obtaining
positive data about the effect of preparations like
HB-101 on growth, development and productivity
of potatoes. Data has also been obtained about
the influence of the bio-fungicidal Agat-25K
growth regulator on resistance to diseases, in
particular to fungi disease in greenhouses.
However, during these experiments we failed to
study the effect of these preparations on
the physiological and biochemical processes
(photosynthesis, leaves assimilation area,
peroxidase activity, biochemical indicators) of
improved potatoes in the conditions of a
greenhouse and the seed plot for cultivating
domestic and imported varieties of various maturity
classes. We are planning to perform these studies
during the next vegetation season.
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