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Abstract—The influence of mineral fertilizers used in combination with other intensive plant-protection
measures (Selest Top insectofungicide, Zenkor Ultra herbicide, Concerto, Acrobat, Revus Top and Zummer
fungicides, and Reglon Forte dessicant) was researched during a 3-year field experiment. Three potato vari-
eties were examined: Vineta (standard) and Labella early ripening varieties and middle-late Granada variety.
The experiment was carried out in the Nizhny Novgorod oblast in podzolized chernozem in 2015–2017 in
three replications. The basic mineral fertilizers were applied in spring at a dose of N120Р156K176 (diammo-
phoska, Naa) while performing ridge tillage. The experimented group was fertilized with N120Р156K176 + K120
and with Kcl in autumn. Planting was performed with applying the Extrasol microbial drug, and the Isabion
and Agris Phosphor organomineral fertilizers were used in a tank mixture with pesticides. It has been estab-
lished that the Labella variety is the most high-yielding (38.0–47.9 t per hectare) and stable according to
observations in different years, and the Granada variety gives the largest yield of starch (87.1 c/ha).
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The potato crop is known to be of great importance
in providing the population with food [1], and the
achievement of the world level of its yield in Russia
requires that the application of mineral fertilizers and
agrochemicals become an indispensable element of
modern agricultural technologies [2]. In addition, this
crop allows solving a number of agrotechnical tasks in
plant growing, namely: struggle against weeds and
accumulation of pathogenic biota not only directly in
the potato agrocenosis but also in crop rotation in gen-
eral [3–7]. Thus, in order to obtain high yields of
intensive potato varieties, modern potato production
should be organized everywhere based on a combination
of the fertilizer system and plant protection system [8–
12], which is especially important for farms that have a
narrow specialization in crop production [13].

The purpose of this study is to assess the respon-
siveness of table potato varieties to traditional mineral
fertilizers in case of their being grown using modern
biological drugs and agrochemicals against the back-
ground of a set of measures aimed at protecting crops
from pests, diseases, and weeds.

METHODS
The objects of study were potatoes and fertilizers.

The Vineta potato variety, which was created by the
Europlant Pflanzenzucht GMBH German Company,
was studied as a standard for the experiment. This

table variety is early ripening (the vegetation period is
75–80 days), has a creamy yellow pulp, the yield is 16–
23.8 t/ha, and the starch content is 12.9–15.2%. The
variety is resistant to mechanical damage, nematodes,
and droughts and has a very good taste. The Labella
potato variety, which was created by the Solana
GmbH & Co. KG (Germany), was also studied. This
table variety is early ripening (the growing season is
70–80 days) and has a high intensity of growth, the
peel color is red, the pulp color is yellow, the yield is
17–34 t/ha, and the starch content is 12.0–14.8%. The
variety is highly resistant to leaf twisting virus, to
golden potato cyst nematode, various types of mold
and potato cancer pathogen, and elevated tempera-
tures during the growing season and it has high taste
qualities. The Granada potato variety, which was cre-
ated by the Solana GmbH & Co. KG, was also stud-
ied. This table variety is middle-late (the growing sea-
son is 90–110 days), its yield is up to 60 t/ha, and
starch content is up to 17%; the variety has high taste
qualities.

The field experiment was conducted in the produc-
tion conditions in 2015–2017 in the podzolized
medium-loam chernozem area in the Arzamas district
of the Nizhny Novgorod oblast, which is among the
top ten large potato-growing regions of Russia [14].
Over the years of studies, the agrochemical characteris-
tics of the soil depending on the location of potatoes in
accordance with the alternation of crops in space were as
16
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follows: the content of phosphorus and potassium
mobile compounds was 200–250 and 110–140 mg/kg,
respectively; pH of salt extract was 5.45; the humus
content was 3.8–4.1%. The experiment was made in
three replications. The total area of the plot was
0.97 ha (38.7 × 250), and the harvesting area was
0.81 ha (32.4 × 250). Soil analyzes were performed
using the methods recommended by Pryanishnikov
All-Russia Research Institute of Agrochemistry [15]:
the content of phosphorus and potassium was deter-
mined according to GOST R 54650-2011, the content
of organic matter was determined according to GOST
26213-91, pH was measured according to GOST
26 483-85, and the starch content in potato tubers was
determined by the Evers polarimetric method (GOST
7194-81).

Potatoes were cultivated with a full cycle of mea-
sures for the protection of plants and introduction of
mineral fertilizers without applying organic fertilizers.
The winter wheat was planted before potatoes. All
agrotechnical operations were performed using special
equipment: John Deere 8335 R, 6130 D, or 6130 trac-
tors; RAUCH fertilizer spreader; Grimme GF 600
ridge-forming cutter; Grimme GL 36T potato planter;
John Deere 4730 self-propelled sprayer for applying
soil herbicides; Amazone Pantera 4502 self-propelled
sprayer for foliar cultivation; Grimme KS 5400 topper;
Grimme Varitron 470; Grimme SE 150 or Grimme SF
170-60 self-propelled potato harvesters.

Mineral fertilizers were applied at a dose of
N120Р156K156 kg/ha (the options without applying
potassium chloride in autumn) and N120Р156K276 kg/ha
(with applying potassium chloride before autumn
plowing). According to the recommendations [8, 9,
11, 16], potassium chloride was introduced in autumn
before plowing, and diammophoska and ammonium
nitrate were introduced in spring during ridge tillage.
Plantation was performed with applying the Extrasol
liquid microbiological fertilizer with a complex of rhi-
zosphere bacteria of the strain Bacillus subtilis Ch-13
(at a dose of 4.5 L/t of tubers in the soil with planting
using the Grimme GL 36T planting machine) [17–
19]. The Isabion liquid complex organomineral fertil-
izer was used at a dose of 2.5 L/ha (in the budding
stage, 20–25 days after germination), and the Agris
Phosphor liquid nitrogen-phosphorus fertilizer on the
organic basis was used at a dose of 4 L/ha (foliar spray-
ing in the phase of the maximum growth of tubers
before the beginning of withering of leafy tops, 70–
75 days after planting). The potato protection system
included the use of the Selest Top insecticofungicide
(0.4 L/ha), Zenkor Ultra soil herbicide (1 L/ha), three
or four consecutive treatments with fungicides Con-
sento (2 L/ha), Acrobat (2 kg/ha), Revus Top
(0.6 L/ha), and Zummer (0.4 L/ha) as well as Reglon
Super desiccant (2 L/ha).

The terms of potato planting and harvesting varied
depending on weather conditions, but the potatoes
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were planted on May 5–10 and harvesting took place
on August 20–28 on average over the years of research.

RESULTS AND DISCUSSION
The potato yield varied over a very wide range in

different years (Table 1). The calculation of the aver-
age yield for the analyzed years made it possible to
assess the effect of the fertilizers. Thus, from amongst
the early ripening varieties, Labella was the most high-
yielding: the increase in its yield in comparison with
the Vineta variety turned out to be significant both on
average over the years of studies and in each year
against both backgrounds (with or without applying
potassium chloride). The yield of the Granada mid-
dle-late variety was significantly higher than that of
the standard (the Vineta variety). The difference in
yield between the Granada and Labella varieties was
higher than the smallest significant difference only in
2017. Thus, if there were equal agrochemical back-
grounds and protective measures in a farm with certain
climatic conditions, the middle-late Granada variety
was inferior in yield stability to the early ripening
Labella variety. This may be caused by some irregular-
ities in the time of harvesting potatoes of the Granada
variety (the start of harvesting may have been post-
poned to an earlier date based on the forecast of
weather conditions). Meanwhile, it is known that, if
early-ripening and middle-late potato varieties are
harvested at one time and with the same nitrogen
dose, the late varieties must be harvested at least 2–
3 weeks after the start of harvesting early-ripening
potato varieties [20].

The potato protection system included the use of a
wide range of drugs with protective action. Therefore,
as recommended by potato growers [21], potatoes
were planted using the Selest Top insecticofungicide,
which contains contact and locally systemic fungicides
fludioxonil and difenoconazole (the class of triazoles
and phenylpyrroles; it stimulated the development of
the root system of plants, especially for the early-rip-
ening Vineta and Labella varieties. At the same stage,
potatoes were planted using the Extrasol microbiolog-
ical drug, and the strains of its rhizosphere bacteria,
settling on the roots of plants, strengthened the immu-
nity of the young plants and their resistance to stress,
especially to lowering of temperature in spring and
early summer.

Good shoots against the background of applying
the Zenkor Ultra soil herbicide of systemic action as a
protective screen (the manifestation of herbicidal
properties was observed in case of its being introduced
into the wet soil) that is intended to combat annual
dicotyledonous and herb weeds additionally activated
the growth of the aboveground crop phytomass. It was
important to maintain the optimal planting density
and prevent the growth of weed plant phytomass,
which could become an ideal medium for the develop-
ment of pathogenic microflora.
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Table 1. Yield of potato tubers

Option Variety

Yield, t/ha On average for 2015–2017

2015 2016 2017 yield, t/ha
+, – with respect to the standard

t/ha %

NРК Vineta standard 34.2 24.0 25.8 28.0 – –
Labella 40.4 33.2 40.3 38.0 10.0 35.7
Granada 41.5 33.8 50.7 42.0 14.0 50.0

NPK + Kcl Vineta standard 38.7 28.4 33.0 33.4 – –
Labella 48.5 41.7 53.6 47.9 14.5 43.4
Granada 44.4 36.7 56.9 46.0 12.6 37.7
LSD05 4.9 5.4 6.2 5.1
Therefore, the next step was the successive use of a
complex of fungicides. First, the following fungicides
were introduced with preventive purposes: the Con-
sento fungicide with systemic translaminar action (the
active agent is propamocarb hydrochloride of the car-
bamate class and fenamidone of the imidazolinone
class) that blocked the growth of fungi mycelium and
the Acrobat locally systemic fungicide (the active
agent is mancozeb of the dithiocarbamate class and
dimethomorph of the class of cinnamic acid amides)
that damages a fungus both by direct contact and
during penetration into the vascular system of the
plant, cleaning it from inside, which ensured the pro-
tection of cultivated plants from mixed-type infec-
tions. As potato leaf mass grew, it was time to use the
Revus Top systemic translaminar fungicide (the active
agent is mandipropamid and difenoconazole, which
are able to be adsorbed by the waxy leaf layer, due to
which the drug is not washed off with water and pre-
cipitation) and Zummer contact fungicide (the active
agent is f luazinam of the pyrimidinamine class),
which ensured the protection of potatoes from late
blight and other pathogens of a fungal nature.

It should be noted that, during the vegetation of
potatoes, 3–4 weeks after the appearance of shoots,
plant protection drugs came to be used with modern
agrochemicals—primarily Isabion that is a liquid
organic (60%) fertilizer, including 10% of free amino
acids. This fertilizer enhanced the action of systemic
fungicides and insecticides, ensuring their penetration
into plants and, when being used in the beginning
phase of leafy tops' thickening, it helped optimize the
nutrition of potatoes due to the additional amount of
minerals (11% of total nitrogen, calcium, sodium, sul-
fates, and chlorides).

During the period of tuberization, the fertilizer sys-
tem was supplemented with the Agris Phosphorus
organomineral fertilizer that has a high phosphorus
content (100 g/L), contains nitrogen (12 g/L), a num-
ber of trace elements on the chelate basis (S, Mg, Zn,
Cu, Fe, Mn, Mo, B, Co), and a complex of amino
acids, humic and organic acids, which increased the
RUSSIAN 
stress resistance of plants and accelerated the outflow
of substances from leaves to tubers.

In autumn, the introduction of potash fertilizer to
the entire depth of the arable layer had an expected
extremely positive effect on the potato yield, providing
an increase for each variety: by 5.4 t/ha for the stan-
dard Vineta variety (slightly more than 19%), 9.9 t/ha
for Labella (26.1%), and 4.0 t/ha for Granada (9.5%).

In all the years of studies (Table 2), the starch con-
tent in tubers on the whole corresponded to the bio-
logical description of the varieties. The autumn intro-
duction of potassium chloride led to a slight increase
in the starch content of tubers, which was noted at the
trend level (with the exception of the Labella variety in
2016). It was the most noticeable in the Labella vari-
ety: the starch content increased by 5, 6.8, and 3.6 rel-
ative percent in 2015, 2016, and 2017, respectively. The
starch yield was maximal for the Granada variety: on
average over the years of studies without the autumn
application of potassium chloride (the NPK back-
ground), its increase was 11.6 c/ha (31%) in compari-
son with the Labella variety and 26.6 c/ha (72%) in
comparison with the standard Vineta variety. In case
of introducing potash fertilizer in autumn, the
increase in starch yield for the Granada variety was
slightly lower compared to the Labella and Vineta
varieties and amounted to 3.1 c/ha (~7%) and
26.1 c/ha (58%). As a whole, the Labella variety
proved to be the best among early-ripening varieties as
regards the starch content of tubers and starch yield: the
increase in starch yield in comparison with the Vineta
variety was 40% without potassium chloride and 51%
with the autumn application of potash fertilizer.

Thus, the use of solid mineral fertilizers (diammo-
phoska, potassium chloride, ammonium nitrate), the
Extrasol microbiological drug, Isabion and Agris
Phosphor liquid complex organomineral fertilizers,
and the systems of plant protection drugs (Selest Top
insectofungicide, Zenkor Ultra herbicide, Concerto,
Acrobat, Revus Top and Zummer fungicides, and
Reglon Forte desiccant) was effective, and the average
AGRICULTURAL SCIENCES  Vol. 45  No. 1  2019
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Table 2. Starch content in tubers and starch yield in harvested potatoes

Option Variety
Starch content, % Starch yield, c/ha

2015 2016 2017 2015 2016 2017

NРК Vineta standard 13.3 12.8 13.4 45.5 30.7 34.6
Labella 14.0 13.2 13.7 56.6 43.8 55.2
Granada 15.3 14.8 15.2 63.5 50.0 77.1

NPK + Kcl Vineta standard 13.5 13.4 13.3 52.2 38.1 44.2
Labella 14.7 14.1 14.2 68.4 58.8 76.1
Granada 15.6 15.3 15.4 69.3 56.2 87.1
LSD05 0.8 0.7 0.6
yield of the Labella early ripening potato variety over
the years of studies was 38.0–47.9 t/ha with a variation
over the years from 33.2 to 53.6 t/ha.

Among the early ripening potato varieties, the
Labella variety proved to be the most high-yielding,
stable in changing weather conditions, and good for
ensuring the maximum starch yield per unit of area: in
comparison with the Vineta standard variety, the
increase in its tuber yield amounted to 10.0–14.5 t/ha
(35–43%) and the growth in starch yield was 15–23 c/ha
(40–51%). The middle-late Granada variety was
noted to have a high tuber yield of 42.0–46.0 t/ha and
the maximal farm’s starch yield of 63.5–70.9 c/ha
without and with applying potassium chloride,
respectively.

Mineral fertilizers at a dose of N120Р156K276 (2 c/ha
of potassium chloride before deep tillage) in contrast
to the background dose of N120Р156K156 (6 c of diam-
mophoska + 2 c of ammonium nitrate per hectare)
increased the yield of the studied potato varieties and
the starch content in tubers by 4–10 t/ha and 0.3–
0.7%, respectively.
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