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Abstract. Data on the influence of abiotic and anthropogenic factors on the formation of crop productivity 
are important for the productive process management system. This work examines the results of a long-term 
study of the influence of abiotic (weather conditions) and anthropogenic (mineral fertilizers, an integrated 
plant protection system) factors on the formation of potato productivity in the North-West region of the 
Russian Federation. Weather conditions were the most significant (23.6%) among all the factors affecting 
the potato yield in the North-West region of the Russian Federation. Integrated plant protection and mineral 
nutrition had approximately equal contribution to the yield, i.e. 16.6% and 18.6% accordingly. In 2012–
2020, additional potato yield reached 56–65% on average under the influence of mineral fertilizers, 
depending on their dose, and 37–56% under the influence of integrated plant protection Program. The 
combined influence of these two factors, taking into account the effect of interaction, led to an increase of 
the potato yield by 114-157% as compared with the actual yield on unfertilized and unprotected control 
(143 centners per hectare). 

1 Introduction  
The production process control system is based on the 
knowledge of rational use of abiotic, biotic and 
anthropogenic factors for the formation of the yield of 
cultivated crops. At the same time, abiotic and biotic 
factors affect agroecosystems in an uncontrolled mode. 
Abiotic factors are, first of all, weather conditions that 
contribute or do not contribute to the realization of the 
productivity potential of cultivated plants in a particular 
year. The influence of weather conditions on the yield of 
potatoes, according to literature data, ranges from 4 to 
40%, and in years with especially unfavorable conditions 
it reaches 50% [1–3]. Among the most effective 
anthropogenic factors are the management of the nutrient 
regime through the introduction of fertilizers and the 
phytosanitary state of crops by means of protective 
measures [4]. According to the data published in the 
literature, the introduction of mineral fertilizers increases 
the yield of potatoes by 10-50%, the use of plant 
protection products – up to 75%, and in the years of 
strong development of diseases or mass reproduction of 
pests, it is much more [5–8]. Due to the combined use of 
mineral fertilizers and plant protection products, when 
the interaction effect is manifested, enhancing their 
separate effect, the maximum increase in potato yield is 
achieved [9–14]. 

This work examines the results of a long-term study 
of the influence of abiotic (weather conditions) and 
anthropogenic (mineral fertilizers, an integrated plant 
protection system) factors on the formation of potato 

productivity in the North-West region of the Russian 
Federation. 

2 Materials and methods  
The studies were carried out in the period from 2012 to 
2020 at the agroecological station of the Menkovsky 
branch of the Agrophysical Research Institute 
(Leningrad Region, Gatchinsky District), which is one of 
the largest experimental bases with long-term 
fundamental researches and short-term experiments in 
the North-West of Russia [15]. 

The soil is turfy weak podzolic light loamy soils, the 
thickness of the arable layer is 23 centimeters, pHKCl is 
4.6, the humus content (according to Tyurin [16]) is 
1.9%, mobile compounds of phosphorus and potassium 
(according to Kirsanov [17]) are 257 and 92 mg/kg, 
respectively. 

The agroecological station is a 7-field grain-herbal 
row crop rotation in which potatoes are placed after two 
years of perennial grasses cultivation. Within the station 
three levels of mineral nutrition (MNL) – low (without 
fertilizers N0P0K0), medium (N65P50K50) and high 
(N100P75K75) – have been created and are maintained 
by a long-term annual pre-sowing introduction of 
azophoska and ammonium nitrate based on the planned 
yield of cultivated crops. 

The second factor studied in the experiment was the 
integrated plant protection system (IPPS), according to 
which protective measures against pests were carried out 
provided that the economic threshold of harmfulness was 
exceeded. The integrated protection system of potato 
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plantings consisted of seed dressing, 4 soil treatments 
with a rotary harrow, hilling and one-time introduction 
of herbicides, 3-4 treatments of vegetative plants with 
fungicides, desiccation. 

Observations of the development of cultivated plants 
and the phytosanitary state of potato plantings were 
carried out on marked permanent registration areas of 
1.4 m2, placed on the field according to the experimental 
scheme. Their annual number was 36, i.e. 6 for each of 
the experiment variants. 

Statistical processing of the data obtained consisted 
of analysis of variance carried out in the Statistica 6.0 
program. 

3 Results and discussion  
According to the data obtained, the variation in the yield 
of potatoes over the years ranged from 134 to 368 c/ha 
with an average value of 258 centner/ha. The high 
degree of variation was largely determined by the 
weather conditions of the growing season. The influence 
of this factor accounted for the most – 23.6%, while the 
total contribution of abiotic and anthropogenic factors to 
the formation of potato yield was 76.6%. Based on the 
identified interactions, the influence of weather 
conditions extended to the effects associated with the 
improvement of mineral nutrition and phytosanitary 
conditions in potato plantings (table 1). In other words, a 
reliable influence of weather conditions on the efficiency 
of the applied mineral fertilizers and the integrated plant 
protection system was revealed. The effect of interaction 
between abiotic and anthropogenic factors was expressed 
by 6.6 and 7.5%, and their total influence was 77.7%. 

Table 1. Influence of abiotic and anthropogenic factors on the 
formation of potato productivity in the North-West of the 

Russian Federation (average 2012-2020). 

Factor Share, % 
Weather conditions (Year) 23.6* 
Mineral Nutrition Level (MNL) 18.6* 
Integrated Plant Protection System (IPPS) 16.6* 
Interactions Year + MNL 6.6* 
Interactions Year + IPPS 7.5* 
Interactions MNL + IPPS 1.2* 
Interactions Year + MNL + IPPS 2.4* 
Iteration 1.1 
Random 22.3 
Note: * – differences are significant at P≥0.95 

The contribution of mineral nutrition and an 
integrated plant protection system turned out to be 
approximately equal, which accounted for 18.6 and 
16.6%. At the same time, in some years, the introduction 
of mineral fertilizers determined the value of potato yield 
by 58.2–75.9% and the implementation of protective 
measures – by 63.2–85.0%. As a rule, the predominant 
influence of one of these factors was noted. The 
interaction of mineral fertilizers and plant protection 
products with an effect on potato yield reached 10.3–
16.5% in some years or decreased to 0.4–1.0% (table 2). 

Table 2. The influence of the main means of chemicals in the 
formation of potato yield in different years in the North-West 

of the Russian Federation. 

Year 
Mineral 

Nutrition 
Level (MNL) 

Integrated 
Plant 

Protection 
System (IPPS) 

Interactions 
MNL + IPPS 

2012 21.1* 25.2* 0.4 
2013 0.3 85.0* 1.0 
2014 58.2* 1.3 5.4* 
2015 42.8* 0.9 16.5* 
2016 23.9* 60.4* 1.6 
2017 6.6* 63.2* 10.3* 
2018 36.5* 11.2* 1.4 
2019 75.9* 1.4 1.9 
2020 41.7* 27.8* 6.4* 

Note: * – differences are significant at P≥0.95 

The use of an integrated plant protection system 
stabilized the yield of potatoes over the years, which is 
confirmed by a decrease in the share of the influence of 
weather conditions by 1.7 times (table 3). At the same 
time, due to the improvement of the phytosanitary 
situation, the role of mineral nutrition increased (by 2.5 
times). This confirms the advantage of the complex 
application of chemical agents in potato agrocenosis. 

Table 3. Influence of weather conditions and mineral nutrition 
on the formation of potato productivity against the background 

of the use of an integrated plant protection system (average 
2012-2020). 

Factor Share, % 
Out IPPS IPPS 

Weather conditions (Year) 45.8* 27.7* 
Mineral Nutrition Level (MNL) 13.9* 34.8* 
Interactions Year + MNL 14.2* 7.1* 
Iteration 1.8 1.4 
Random 24.2 29.0 
Note: * – differences are significant at P≥0.95 

The combined use of chemicals led to a significant 
increase in potato yield. According to the averaged data 
obtained during 2012–2020 years, the increase in potato 
yield under the influence of mineral fertilizers and the 
integrated plant protection system drew up 163.2–225.0 
centner/ha, or 114–157% taking into account the 
interaction effect. The variation of this indicator over the 
years was significant and was in the range of 23–225% 
and 65–248%, respectively, for medium– and highly 
fertilized variants (table 4). The strongest influence was 
exerted on the productive characteristics of potatoes: the 
mass of tubers from one plant (94–121%) and the mass 
of 1 tuber (70%). The number of tubers per plant 
increased under the influence of chemicals factors by 
18–32%, the density of productive plants – by 4–11%. 
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Table 4. The influence of the main means of chemicals on the 
formation of potato yield in the North-West region of the 

Russian Federation. 

Year 

Increase in yield 

from fertilizers from 
pesticides 

from fertilizers 
and pesticides 

centn
er/ha % centn

er/ha % centn
er/ha % 

2012 
-a - 135.1a 112 -a - 

113.1b 94 98.5 b 42 211.6b 176 
134.7c 112 111.6c 44 246.3c 205 

2013 
- - 111.7 152 - - 

1.3 2 129.2 173 130.5 178 
0 0 145.4 237 133.5 182 

2014 
- - 0 0 - - 

51.9 35 13.1 7 65.0 44 
83.1 56 52.1 23 135.2 92 

2015 
- - 0 0 - - 

119.0 42 0 0 63.8 23 
74.0 26 108.0 30 182.0 65 

2016 
- - 131.6 110 - - 

56.8 48 196.2 111 253.0 212 
103.6 87 176.9 79 280.5 235 

2017 
- - 117.9 69 - - 
0 0 185.5 109 133.7 78 
0 0 319.4 187 279.1 164 

2018 
- - 83.0 72 - - 

139.7 121 42.1 16 181.8 157 
155.7 135 111.0 41 266.7 231 

2019 
- - 27.1 17 - - 

121.7 76 66.2 24 187.9 118 
263.9 166 0 0 252.6 159 

2020 
- - 92.2 92 - - 

173.4 173 52.7 19 226.1 225 
74.0 74 175.1 100 249.1 248 

2012-
2020 

- - 75.8 53 - - 
80.5 56 82.7 37 163.2 114 
93.0 65 132.0 56 225.0 157 

Note: Mineral Nutrition Level (MNL): a – N0P0K0,  
b – N65P50K50, c – N100P75K75 

The strong influence of the integrated plant 
protection system on the potato yield is determined by 
the high harmfulness of certain pests in the conditions of 
the North-West of Russia. The highest effect of the 
integrated potato protection system implemented in our 
experiments was noted in the years of epiphytotic 
development of late blight (2013 and 2016), and the 
lowest – in the years of depressive development of this 
disease (2014 and 2015). The average value of the saved 
potato yield when carrying out all the necessary set of 
protective measures was 97 centner/ha, or 49% of the 
actual crop yield equal to 298 centner/ha. According to 
the data obtained during 2012–2020 years, the 
effectiveness of the integrated potato protection system 
increased by 19% against the background of application 
of high doses of mineral fertilizers. 

The average long-term increase in yield from the 
application of mineral fertilizers was 80.5–93.0 
centner/ha (56–65%). In 2013 and 2017 the positive 
effects associated with the action of fertilizers were 
leveled out by a strong infestation of potato plantings by 
late blight. Protective treatments allowed to fully realize 
the productive potential of plants on fertilized 

experimental plots. Thus, the difference in the yield of 
fertilized and unfertilized plots against the background 
of an integrated potato protection system was 37–56% 
and was consistently observed throughout the entire 
period of study. 

4 Conclusion 
The strongest influence on the formation of the potato 
yield is exerted by weather conditions, which also 
extends to the effects associated with the use of mineral 
fertilizers and plant protection products. The total 
influence of anthropogenic factors (mineral nutrition and 
an integrated plant protection system) is estimated at 
35.2%, with their equal share in the formation of potato 
yield. The combined influence of these two factors, 
taking into account the effect of interaction, led to an 
increase of the potato yield by 163.2–225.0 
centner/hectare that was 114-157% as compared with the 
actual yield on unfertilized and unprotected control (143 
centners/hectare). The combined influence of abiotic and 
anthropogenic factors was 77.7%. 
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