
ABSTRACT
There is an acceleration, deceleration, or distortion of elementary soil processes under the influence of anthropogenic impact on the soil 
cover, which dictates the formulation of a state strategy for the rational use of soil resources. The object of the study was the leached 
chernozems of the Republic of Mordovia, where reference sites with state status were located on permanent spaces and which reflect 
the level of anthropogenic loads to the maximum extent. Soil sampling was carried out annually in spring before the start of fieldwork. 
Samples were taken to the depth of the arable layer. The following investigations were carried out in soil samples: humus by the Tyurin 
method with a photometric end; pHkcl with the preparation of a salt extract and determination of mobile phosphorus and potassium 
by the method of CINAO by the method of Kirsanov in the modification of CINAO with a photometric end; potassium by the flame 
photometric method. The trend of humus change indicates that its content in the plowed layer is decreasing. The greatest decrease 
was noted at reference plots 5 and 21, where in the 80s and 90s high doses of organic fertilizers were applied. Changes in the reaction 
of the soil solution for 1994–2012 indicate that this indicator is decreasing in all reference plots. The differences between individual 
plots are relatively small. The content of absorbed bases in the upper layer was quite high. In the arable layer, except for reference 
plot 5, an increase in mobile phosphorus was observed.  The importance of soil-ecological monitoring is increasing immeasurably, 
which allows identifying deviations from optimal indicators to see a retrospective of natural complexes.

KEY WORDS: humus, leached chernozem, phosphorus, potassium, reference plots, the reaction 
of soil solution.

INTRODUCTION

The importance of soil-ecological monitoring of chernozems 
increases in conditions of active agro-technological impact, 
i.e., constant monitoring of changes in soil properties, the 
concept of which was developed in the second half of the 
20th century (Lisetskii, 2009). Scholars carry out monitoring 
of the soil cover by comparing the studied objects with their 
analogs, establishing their age or the period during which 
they were in different conditions (Mukha, 1988; Galeeva, 
2012). The possibility of assessing modern trends in the 
development of soils and geosystems, in general, is widely 
used in the scientific literature, using detailed studies that 
were carried out by scholars at different times (in the 19th – 
20th centuries) (Khitrov, 2008; Eryashev et al., 2017). 
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The anthropogenic influence on the development and 
fertility of chernozems was studied by various methods, 
the conclusions of scholars are contradictory. According to 
some researchers (Ivanov, 2002; Eryashev et al., 2015), the 
involvement of soil in agricultural use leads to a significant 
decrease in the amount of humus, especially in the arable 
horizon. A decrease in the humus content of the soil occurs 
only in the initial period of its plowing, later the loss of 
humus is less intensive, and then stabilization of its reserves 
in the arable layer of the formed agrocenosis occurs. Other 
researchers (Mukha, 2004; Ivanov et al., 2020) point to the 
preservation of the nature of humus formation and the quality 
of humus in arable soils (Ivanov et al., 2020).

Under the influence of anthropogenic impact on the 
soil cover, an acceleration, deceleration, or distortion of 
elementary soil processes can happen (Lisetskii, 2009; 
Kashtanov, 2011). This requires a formulation of a state 
strategy for the rational use of soil resources (Chekmarev 
& Lukin, 2013; Sukhanovskii et al., 2013). Under the 
influence of long-term agricultural use, both improvement 
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and deterioration of soil fertility can occur (Ivanov et al., 
2013; Eryashev et al., 2016; and changes in the conditions 
for the growth and development of living organisms (Kargin 
and Zaharkina, 2016 Kargin et al., 2019). 

The main factors causing degradation changes are reduced 
to hydrological, erosional, chemical, radiological, and 
mechanical factors (Kashtanov, 1974; Zaidelman, 2009). 
They can lead to desertification, the development of water 
and wind erosion; hydromorphism, soil compaction with 
heavy equipment, contamination with heavy metals and 
radionuclides, accumulation of soluble salts in the soil, 
increased salinity of surface and ground waters, destruction 
of organic matter with the removal of fine soil fraction 
(Shuvaev et al., 2009). Degradation of ecosystems, a 
significant decrease in the content of humus, total nitrogen, 
elements of ash nutrition of plants in soils, and deterioration 
of agrophysical properties occurs under conditions of 

intensive use of soils in agricultural production. In such 
conditions, the importance of soil-ecological monitoring 
increases immeasurably to identify undesirable deviations 
from optimal indicators and preserve the potential soil 
fertility.

Material and methods

The object of the study was leached chernozems of the 
Republic of Mordovia, where reference plots (RPs) that 
had a state status and reflected the levels of anthropogenic 
loads to the maximum extent were located on permanent 
sites. The observations were carried out in 1994–2013. by 
the "Mordovskiy" State center of agrochemical service. The 
results of those observations were used in the preparation 
of this paper (Reports of the State center of agrochemical 
service Mordovskiy for 1994–2013, 2014). Cultivated crops 
and fertilizers applied at RPs are presented in Table 1.

Table 1. Cultivated crops and applied fertilizers on RPs

Soil sampling was carried out annually in spring before the 
start of fieldwork. Samples were taken to the depth of the 
arable layer. The following studies were carried out in soil 
samples: humus content according to State Standard (GOST) 
26213–91 by the Tyurin method with a photometric end; 
pHkcl with preparation of a salt extract and determination 
by the Central Research Institute of Agrochemical Services 
for Agriculture (CINAO) method (GOST 26483-85), mobile 
phosphorus and potassium content by the Kirsanov method 
in the CINAO modification with a photometric end (GOST 
26207-91); potassium content by flame photometric method 
(GOST 30504–97) (Kargin et al., 2017; Ivanova et al., 2019; 
Solodovnikov & Levkina, 2020).

Results and Discussion

1994-1998 to 2009-2012 the humus content decreased from 
4.0 to 22.8% to the original content (Table 2). The greatest 
decrease was noted on leached chernozems of RP 5 and 21, 
where in the 80s and 90s high doses of organic fertilizers 

had been applied. The trend of changes in humus in the 
arable layer indicates that in the arable layer of the studied 
soils there is a decrease in the content of soil organic matter. 
Trends in the change in the percentage of humus indicate a 
decrease in the content of humus in all RPs: 

Y = 9.61–0.1•X (RP 5); 
Y = 8.0–0.05•X (RP 8); 
Y = 8.69–0.04•X (12); 
Y = 12.38–0.22•X (RP 21); 
Y = 7.69–0.05•X (RP 22);

During the study period, there was slight acidification of 
the reaction of the soil solution. The negative trend in the 
change in the reaction of the soil solution remained until the 
end of the observations. The increase in acidity can largely 
be associated with infiltration losses of exchange bases and 
the absence of liming during the years of observation. The 
differences between individual sites are relatively small 
between different sites in terms of pHsol.
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Indicators	 Years of observations			   RP numbers
		  5	 8	 12	 21	 22

Humus content, %	 1994–1998	 7.9–9.6	 7.3–8.2	 7.65–9.0	 10.4–11.48	 6.9–8.4
		  9.04±0.30	 7.68±0.16	 8.45±0.24	 11.12±0.2	 7.62±0.25
	 1999–2003	 9.0–9.9	 5.8–6.1	 8.2–9.3	 10.4–12.7	 7.2–7.8
		  9.34±0.15	 5.9±0.05	 8.84±0.21	 11.36±0.37	 7.58±0.12
	 2004–2008	 7.2–9.2	 5.86–6.6	 7.3–8.3	 6.9–10.2	 6.4–6.8
		  8.46±0.42	 9.04±0.23	 7.75±0.24	 8.28±0.66	 6.62±0.09
	 2009–2012	 6.1–8.5	 6.00–7.1	 7.1–8.4	 7.1–9.40	 5.8–8.0
		  7.65±0.53	 6.72±0.25	 7.87±0.29	 8.58±0.51	 7.0±0.46
	 1994–2012	 6.1–9.9	 6.0–8.4	 7.1–9.3	 6.9–12.7	 5.8–8.40
		  8.67±0.22	 7.46±0.14	 8.27±0.15	 9.9±0.40	 7.22±0.15
The reaction of the soil	 1994–1998	 5.3–6.7	 5.8–7.5	 5.6–7.2	 7.1–8.3	 5.4–6.9
solution pHsol		  6.1+0.3	 6.5+0.4	 6.1+0.3	 7.6+0.2	 6.3+0.3
	 1999–2003	 5.3–7.2	 5.8–6.1	 6.7–6.9	 7.1–7.4	 5.3–5.6
		  6.2+0.4	 5.9+0.05	 6.8+0.04	 7.2+0.06	 5.4+0.05
	 2004–2008	 5.1–5.6	 5.5–6.6	 5.5–5.8	 6.8–7.2	 5.2–5.7
		  5.3+0.1	 5.9+0.3	 5.6+0.07	 7.0+0.08	 5.5+0.09
	 2009–2012	 5.9–6.4	 5.5–6.0	 5.5–6.0	 5.1–6.8	 5.5–6.9
		  6.1±0.12	 5.8±0.12	 5.7±0.11	 6.3±0.41	 5.9±0.34
	 1994–2012	 5.2–7.2	 5.5–7.5	 5.5–7.2	 5.1–8.3	 5.2–6.9
		  5.95±0.14	 6.1±0.14	 6.1±0.14	 7.1±0.15	 5.8±0.13
P2O5, mg/kg of soil	 1994–1998	 225–349	 205–239	 110–204	 209–260	 97–153
		  259.2+23.3	 227+6.36	 153.4+17.7	 237.6+8.9	 125.2+9.2
	 1999–2003	 202–595	 211–309	 162–227	 276–391	 107–132
		  353.2+68.7	 254+16.5	 197.6+13.0	 305.0+22.1	 121.4.5
	 2004–2008	 182–443	 225–339	 210–260	 306–470	 113–213
		  313.4+46.7	 258.8+22.7	 232.7+10.5	 408.4+35.6	 165.4+20.2
	 2009–2012	 202–364	 230–380	 233–431	 378–507	 124–179
		  252.0+38	 310.0+31	 325.5+43.6	 435+30	 154.8+11.6
	 1994–2012	 182–595	 205–380	 110–431	 209–507	 97–213
		  292.9±25.2	 262.9±11	 221.6±18.4	 342.6±22.0	 141.1±7.41
K2O, mg/kg of soil	 1994–1998	 128–236	 212–354	 117–164	 262–449	 163–210
		  184.0+18.6	 285.4+27.4	 117–164	 327.2+31.8	 188.6+7.9
	 1999–2003	 126–306	 197–286	 108–181	 324–541	 122–204
		  211.0+33.3	 237+14.9	 139.4+12.8	 420+49.0	 160.6+13.3
	 2004–2008	 114–174	 229–279	 142–168	 482–558	 138–239
		  142.8+9.9	 243.4+9.3	 155.7+6.8	 514.2+12.3	 191+20.4
	 2009–2012	 127–190	 170–374	 158–217	 336–985	 142–220
		  165+13	 279+51	 178+13.2	 657+169	 175+17.3
	 1994–2012	 114–306	 170–374	 108–217	 262–985	 122–239
		  176.4±12.2	 260±13	 151.5±6.4	 470.3±44.5	 178±7.59

Note: the numerator is the oscillation interval, the denominator is the arithmetic mean + average deviation 

Table 2. Humus content, the reaction of soil solution, phosphorus, potassium, 1994–2012.

Cultivated chernozems (RP 8, 12, 21) are characterized by 
an increased content of phosphorus and potassium. The 
farms where these soils are located function on intensive 
farming. Mineral fertilizers are annually applied to the crops 
growing in these areas, so the fertility of the soil does not 
decrease. RP No. 21 has had a high content of phosphorus 
and potassium at approximately the same high level (461 
and 336 mg/kg) for a long period of observations, which 

can be explained by the high content of natural fertility 
(leached chernozems, with a humus content of 8.7%, the 
use of fertilizers and protective equipment). On the same 
benchmark, the pH value of 6.8 practically has not changed 
from year to year, which can be explained by the fact that 
the plot is located near a process plant (a cement plant of 
Mordovcement OJSC) and during the production process 
of the plant cement dust settles on the soil, neutralizing 
soil acidity.
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The maximum amount of mobile phosphorus was observed 
on average over the years of the study. This indicates that 
only in the Oktyabrsky district (RP 5) its content was at the 
same level. In all other areas, there was an increase in this 
indicator. It is known that the content of potassium in soils 
depends primarily on their mineralogical and granulometric 
composition. The minimum content of potassium was found 
in the soils of Cheremishevskoye LLC of the Lyambirsky 
region, and the maximum content was observed at 
Saburmachkasskoye LLC of the Chamzinsky region. 

Summing up, we can conclude that the evolution of the 
properties of chernozem soils as a result of their long-
term agricultural use is determined by the balance of the 
production and cultural soil-forming process. Therefore, 
continuous monitoring is an integral part of national control. 
Its significance increases even more in the conditions 
of active agro-technological impact. During the 1994-
2012 observations, the humus content in the arable layer 
decreased by 4.0-22.8% to the original content. The greatest 
decrease was noted on leached chernozems of RP 5 and 21, 
where in the 80s and 90s high doses of organic fertilizers 
had been applied. The trend of changes in humus in the 
arable layer indicates that in the arable layer of the studied 
soils there is a decrease in the content of soil organic matter. 
The reaction of the soil solution in 1994–2012 indicates 
that in all RPs a decrease in this indicator can be noted. 
The negative trend in the change in the reaction of the 
soil solution remained until the end of the observations. 
The increase in acidity can largely be associated with 
infiltration losses of exchange bases and the absence of 
liming during the years of observation. The differences 
between individual plots are relatively small (Solodovnikov 
& Levkina, 2020).

In the arable layer of RPs, except for RP 5, an increase in 
mobile phosphorus was observed. The potassium content is 
lower than the phosphorus content. Its high content against 
the background of a negative balance is obvious since high 
doses of phosphorus fertilizers have been used for a long 
time (70–80s of the last century). This made it possible to 
form a reserve fund of this element, which still maintains 
the content of its mobile forms at a very high level. There 
was a decrease in the level of mobile phosphorus, while 
its increase in the upper ones in the process of agricultural 
use in the lower layers of the soil profile. We have found 
a significant (r = 0.72) relationship between the content of 
mobile phosphorus and the accumulation of humus. In our 
observations, the content of potassium is lower than that of 
phosphorus, which is associated with much higher mobility 
and, accordingly, lower ability of potassium to accumulate 
in the soil, as well as a large removal of this element with 
the crop. A significant relationship of this indicator with the 
applied potash fertilizers and humus content was revealed. 
The concentration of mobile potassium decreases to a depth 
of 140 cm under conditions of insufficient application of 
potassium fertilizers, which is associated with the use 
of potassium by plants from deep layers (Ivanov et al., 
2020).

The study showed that against the background of relatively 
favorable agrochemical characteristics of the arable layer 

of leached chernozems, there are negative trends associated 
with dehumification, deterioration of physicochemical 
characteristics, and a decrease in the content of available 
forms of nutrients. The degree of development of 
unfavorable processes is not critical, which is associated 
with the high buffering capacity of leached chernozems 
and their resulting stability.

Conclusion

The use of soils in agricultural production in recent years 
has led to a deterioration in their condition, a significant 
decrease in the content of humus, phosphorus, and 
potassium in them, which requires constant monitoring 
of their condition. The importance of soil ecological 
monitoring is increasing immeasurably, as it allows 
identifying deviations from optimal indicators to see a 
retrospective of natural complexes.

References
	 Chekmarev PA, Lukin SV (2013). The use of geographic 

information systems in monitoring soil fertility. 
Dostizheniya nauki i tekhniki APK. No 1 Pages 3–5. 

	E ryashev AP, Bektyashkin IP and Kamalihin VE (2015). 
Influence of Mineral Fertilizers and Potassium Humate 
on the Yield of Polystichous Barley. Biosciences 
Biotechnology Research Asia Vol 12 (2) Pages 1551-
1560.

	E ryashev AP, Bektyashkin IP, Kamalihin VE, Tarakin IP 
and Ivanova NN (2016). The effect of plant protection 
products and albite on the yield of peas. Research Journal 
of Pharmaceutical, Biological and Chemical Sciences No 
7(3) Pages 2058–2064.

	E ryashev AP, Kamalikhin VE, and Moiseev AA (2017). 
The influence of pesticides and plant growth promoter albit 
on performance and cultivation efficiency of pea. Journal 
of Pharmaceutical Sciences and Research No 9(5) Pages 
722–727.

	 Galeeva LP (2012). Changes in the properties of leached 
chernozems in the northern forest-steppe under various 
agricultural uses. Pochvovedenie No 2 Pages 236–249.

	 Ivanov AL (2002). Reproduction of soil fertility in adaptive 
landscape agriculture. Zemledelie No 2 Pages 14–15.

	 Ivanov AL, Savin IY, Stolbovoi VS (2013). Russian soil 
quality for agricultural use. Doklady Rossiiskoi akademii 
selskokhozyaistvennykh nauk No 6 Pages 41–45.

	 Ivanov DI, Ivanova NN, Alhajemi ADR (2020). Spring 
wheat productivity and water consumption depending 
on the moistening conditions of leached chernozem and 
treatment with manganese, zinc, and cobalt. Ecology, 
Environment and Conservation, No 26(1) Pages 400–
404

	 Ivanova NN, Kargin VI, Panasov MN, Molchanova 
NP (2019). The influence of agricultural crops on the 
agrochemical properties of alluvial soils in the central 
floodplain of the Moksha river. Agrarnyi nauchnyi zhurnal 
No 8 Pages 17-23.

	 Kargin VI and Zaharkina RA (2016). The Change of 

Kargin et al.,



BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS	         Leached chernozems in the Republic of Mordovia 985

Ecological Composition and Size Groups of Ground 
Beetles in Contiguous Fields in Central Forest Steppe 
Russia. Research Journal of Pharmaceutical, Biological 
and Chemical Sciences No 7 (3) Pages 1467–1472.

	 Kargin VI, Zaharkina RA and Geraskin MM (2017). 
Environmental monitoring of leached black soils in 
the Republic of Mordovia. Ecology, Environment, and 
Conservation No 23(2) Pages 1181–1185.

	 Kargin VI, Zaharkina RA, Danilin SI, Geraskin MM and 
Erofeev AA (2019). Economic evaluation of winter rye 
cultivation technology. Espacios No 40(24).

	 Kashtanov AN (1974). Protection of soil from wind and 
water erosion. Moscow. Rosselkhozizdat.

	 Kashtanov AN (2011). Soil as genetic and historical 
memory. Report at the ΙΙ National Conference Problems 
of history, methodology and philosophy of soil science. 
In: Sharp turns. Moscow. Zarnitsy. Pages 6-12.

	 Khitrov NB (2008). Approach to retrospective assessment 
of changes in soil conditions over time. Pochvovedenie No 
8 Pages 899–912.

	L isetskii FN (2009). Degradation of chernozem and its 
fate. Pochvovedenie No 10. Pages 1278–1208.

	 Milashchenko NZ (1991). Methodological and 
organizational bases for conducting agroecological 
monitoring in intensive agriculture. Moscow.

	 Mukha VD (1988). Main characteristics of the cultural 
evolution of soil. Estestvennaya i antropogennaya 
evolyutsiya pochv. Pushchino.

	 Mukha VD (2004). Natural-anthropogenic evolution 
of soils (general patterns and zonal features). Moscow 
Kolos

	 Reports of the State center of agrochemical service 
Mordovskiy for 1994–2013 (2014). Saransk.

	 Shuvaev NS, Barmin AN, Iolin MM, Adyamova GU 
(2009). Agriculture of the Astrakhan region: problems, 
conflicts, solutions. Teoreticheskie i prikladnye problemy 
agropromyshlennogo kompleksa No 1 Pages 22–23.

	 Solodovnikov AP, Levkina AYu (2020). Influence of 
tillage methods and agrochemicals on the yield and grain 
quality of winter wheat in the Saratov Trans-Volga region. 
Agrarnyi nauchnyi zhurnal No 3 Pages 29-35.

	 Sukhanovskii YP, Prushchik AV, Sanzharova SI (2013). 
Assessment and dynamics of resources of chernozems and 
gray forest soils of agricultural lands of the Kursk region. 
Vestnik Kurskoi selskokhozyaistvennoi akademii No 6 
Pages 53–59.

	Z aidelman FR (2009). Soil degradation as a result of 
anthropogenic transformation of their water regime 
and protective measures. Pochvovedenie No 1 Pages 
93–105.

Kargin et al.,


