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INFLUENCE OF GROWTH STIMULATORS ON SUPPLY OF CHERNOZEM
WITH NITRATE NITROGEN

Research article

Abstract

On the segregated chernozem of the Central Chernozem zone, in a stationary experiment, the effectiveness of various
doses of complete mineral fertilizers was studied in the cultivation of spring barley. The studies were carried out in an eight-
field field crop rotation. The soil of the experimental site is segregated chernozem. It was found that the use of mineral
fertilizers for the main processing improved the indicators of the effective fertility of ordinary chernozem. Their combined use
with foliar feeding of spring barley plants with growth stimulants reduced the content of nitrate nitrogen at low and medium
doses of NPK. An increase in the concentration of nitrogen in the vegetative mass of plants with the use of fertilizers was
noted. There is a clear varietal dependence in the content of mineral elements.
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BJIUAHUE CTUMYJIAATOPOB POCTA HA OBECIHEYEHHOCTb
YEPHO3EMA HUTPATHBIM A30TOM

Hayunas cratbs

AHHOTaNUs

Ha yepnozeme cerperanmonHoMm llenTpanbHo-UepHO3eMHONM 30HBI B CTallMOHAPHOM OIBITE H3ydaiau 3(PQPEKTUBHOCTH
Pa3NMYHBIX /103 IOJHOTO MHHEPAIBHOrOo yA0O0peHHs NpH BO3JENIBIBAHHM SIPOBOrO SUMEHs. llcciienoBaHUs NPOBOAWIM B
BOCHMHIIOJIBHOM TMOJIEBOM ceBooOopoTe. [louBa ONBITHOrO ydacTka — YEpHO3EM CErperalOHHBIA. YCTaHOBJIEHO, YTO
NPUMEHEHHE TOJ OCHOBHYIO 00pa0OTKy MHHEPalbHBIX YAOOpEeHHH yiydinano Tmokazarenud 3(QGEKTHBHOIO IUIOJOPOAUS
4yepHO3eMa OOBIKHOBEHHOTo. KoOMIIIEKCHOE MX HCIOJIb30BAaHME C BHEKOPHEBOI IMOJKOPMKOI pacTeHWH SpOBOTO SUMEHS
CTHMYJIATOPaMHU POCTA CHIDKAJIO COJEpKaHWE HUTPATHOTO a30Ta NMpH MalbIX U cpenHux fo3zax NPK. OtMmedeHo yBenudeHne
KOHIICHTPAIIMM a30Ta B BETETATHBHOW Macce PACTeHHI INPH HWCIONb30BaHWH ynoOpeHuil. IlposBisercss derkas copToBas
3aBUCHMOCTbH B COAEPKAaHUN MUHEPATBHBIX HJIEMEHTOB.

KirodeBble €J10Ba: MuHepaibHbIC YAOOPEHHS, CTUMYJIATOPBI POCTa, SIMEHb SIPOBOM, 4YepHO3eM, d(derTuBHOE
TJI0J0POIUH.

1. Introduction

Barley belongs to the most important fodder crop of the Central Black Earth Region and surpasses other agricultural plants
cultivated in the zone in area. Due to its biological characteristics - a short growing period, a weak absorption capacity of the
root system, it is quite picky about growing conditions.

Mineral fertilizers are one of the main regulated sources of nutrients for agricultural plants. Despite the significant amount
of scientific data on changes in the nutrient regime of soils under their influence, there are still quite a lot of unclear issues
related to the changed conditions of functioning of modern agrocenoses [4, P.336].
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The effectiveness of mineral fertilizers is significantly influenced by the content of nitrogen, phosphorus, potassium in the
soil, agrotechnical methods, weediness of crops, the prevailing agro-climatic conditions, soil fertility, etc. [7, P.101-157], [8,
P.20-26], [9, P.62-69], [10, P.2-6], [11, P.47-55].

Many researchers note that there is no alternative to strengthening the chemicalization of the agricultural sector [12, P. 44],
[13, P.20-30], [14, P.3-15]. Despite the efforts made, the negative balance of nutrient content in the country's soils is
progressing intensively. For the period from 1991 to 2015. deficit of nitrogen amounted to 25 million tons, phosphorus 12 and
potassium 76 million tons. On average, 40 kg / ha [2, P.3-10]. Thus, the formation of yield occurs at the expense of soil
reserves.

At the same time, in recent decades, various biologically active substances and growth stimulants of agricultural crops
have been widely developed and introduced into production. The positive role of biological products in increasing the
productivity of grain crops is noted [5, P.327-329], [6, P.81-84] In this regard, a comprehensive assessment of the mutual
complex effect of mineral fertilizers and growth activators on the state of the soil environment and the formation of plant
productivity is necessary.

2. Research methods

The studies were carried out in a stationary experiment laid down in 2011. on the fields of V.V. Dokuchaeva (Stone
Steppe). Research period 2018-2019 The culture is spring barley. The experience is three-factor. The first order factor is crop
rotation fertilization levels. The scheme includes 4 levels - no fertilizer, (NPK) 67, (NPK) 133 and (NPK) 200. Directly under
barley - no fertilizers, N30P30K30, N60P60K60, N9OP90K90. Second order factor - agrochemicals used for vegetative plants:
1 - without treatment with agrochemicals; 2 - lignohumate at a dose of 0.2 kg / ha in the tillering phase - the beginning of
booting and heading - flowering; 3 - Brentax Triple at a dose of 0.4 1/ ha in the tillering phase - the beginning of booting and
S. PROGEN growth at a dose of 0.4 kg / ha in the heading-flowering phase; 4 - Aquadon - Micro at a dose of 3.0 1/ ha in the
tillering phase - the beginning of booting and heading - flowering; 5 - Gumi - 20 M Rich at a dose of 1.0 1/ ha in the tillering
phase - the beginning of booting and heading - flowering.

Factor of the third order - barley varieties: Priazovsky 9, Ikorets, Talovsky 9, 13/14 (promising line), Medicum-157,
Oskolets.

The area of the last order plots (3.6m x 11m) is 39.6 m2. Mineral fertilizers were applied in autumn for the main tillage
(plowing by 20-22 cm).

The background soil of the experimental site is represented by segregation (ordinary) chernozem, medium-thick, medium-
humus, heavy loamy granulometric composition. The humus content in the 0-30 cm layer is 6.39%; pH of the salt extract - 6.0;
hydrolytic acidity - 1.67 meq / 100 g, the amount of absorbed bases - 46.12 meq / 100 g of soil, gross nitrogen content -
0.297%, phosphorus - 0.170%, potassium - 1.82%. The content of mobile forms of phosphorus and potassium ranges from 70
to 120 and from 65 to 115 mg / kg of soil, respectively.

3. Results and discussion

The climatic conditions during the years of the research were characterized by significant unevenness and deviation from
the average long-term indicators. Average annual air temperature in 2018 and 2019 was higher than the norm by 1.68 and
2.750C, respectively (the norm is 5.790C). In terms of the amount of precipitation that fell per year, one can also state their
increase in relation to the average long-term values. During 2018, the annual amount of precipitation was 508 mm, in 2019 -
450 mm (average annual precipitation - 438 mm). It should be noted that the increase in precipitation is characteristic only for
the cold season.

During the growing season of barley plants, hydrothermal conditions had their own characteristics. The air temperature in
April exceeded the long-term average by 1.84 - 3.240C (average value 6.660C). In May, the differences were more significant
-3.8-2.70C (14.40C). In June - by 0.9 -3.00C (18.20C).

In July 2018, the air temperature exceeded the average annual value by 2.30C (20.10C). In 2019, the temperature
background was lowered. The average monthly temperature was 19.40C. During the period of research, the air temperature in
August exceeded the average annual value by 0.1 - 2.70C (19.00C).

The amount of atmospheric precipitation during the summer growing season was lower than the average annual values,
except for July. With an average of 61.7 mm, the monthly amount of precipitation over the years was 135.1 - 108.2 mm. The
most critical moisture conditions are typical for the first growing season - May and June. With average annual values of 44.8
mm in May, during the years of research, the amount of precipitation was 19.2 and 40.3 mm, in June, 57.0 mm and 3.1-34.2
mm, respectively.

Judging by the moisture coefficient (K), the barley plants experienced a lack of moisture, especially during the first
growing season. In confirmation of the more severe growing conditions, the calculated Ku were mainly lower than the average
long-term values. In April, with an average value of Ku at the level of 0.55 for the years of research, it was 0.91 (2018) and
0.26 (2019). For May, the moisture conditions were also not very favorable. Ku is noted in the range of 0.14-0.31, which is
lower than the average long-term value (0.41). Hydrothermal conditions developed similarly in June. Ku was 0.02-0.22 with an
average value of 0.46. During the research years, July was characterized by a high degree of moisture at the level of 0.9-0.82,
which significantly exceeds the long-term indicators (0.47).

Nitrates are important in the physiological processes in plants, while being a source and constant supplier of nitric oxide
[1, P.81-96]. In our studies, the content of nitrate nitrogen in the soil, to a greater extent, was determined by the dose of
nitrogen fertilizers applied at all stages of plant development. Treatment of plants with growth stimulants had less effect. The
complex use of mineral fertilizers in combination with growth stimulants had an ambiguous effect on the nitrate regime.

2
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Against an unfertilized background and at low (medium) doses of their use, a slight decrease in the supply of plants with
nitrogen is noted (Table 1). As the fertilization rate increased to N9OP90K90, foliar feeding with biological products
contributed to an increase in the nitrogen content in the soil. Moreover, this pattern is typical for all phases of development of
spring barley plants.

The maximum amount of nitrate nitrogen is observed at the beginning of the growing season in the control variant without
the use of agrochemicals when applying mineral fertilizers at a dose of N60P60K60. A higher dose of N9OP90K90 inhibited
nitrification processes, and the amount of available nitrogen in relation to other fertilization backgrounds (N60P60K60)
decreased. In subsequent phases of development, the advantage of fertilized options is noted. At the end of the growing season,
differences in the supply of nitrate nitrogen reach insignificant values. Smoothing of values is associated with the removal and
consumption of nitrogen for the formation of grain yield. And also with possible other expenditure items - denitrification,
removal by weeds, nitrogen consumption by soil microorganisms.

The minimum amount of nitrate nitrogen is typical for the variant without fertilizers. On average, at the beginning of the
spring barley growing season, the nitrogen concentration was 16.0 mg / kg. The use of mineral fertilizers had a positive effect
on the supply of nitrogen to the spring barley plant. Against the background of N30P30K30 fertilization, on average, the
amount of available nitrogen food was 20.5 mg / kg, increasing to 24.2 mg / kg against the background of N60P60K60 and
28.2 mg / kg when N9OP90K90 was applied.

Table 1 — Content of nitrate nitrogen in the soil, mg / kg

Fertilization Experience Plant development phases
background options bobbing earing ripeness
no grochemicals 17,2 15,5 15,1
) > lingogumat 15,3 17,8 14,0
without fertilizers -
gumi 20 15,4 17,0 13,3
the average 16,0 16,8 14,1
no grochemicals. 21,2 20,1 15,3
lingogumat 20,0 15,2 11,8
N30P30K30 ;
gumi 20 20,2 23,9 12,9
the average 20,5 19,7 13,3
no grochemicals 31,1 24,5 17,4
JIUHTOT'YyMaT 18,5 20,7 13,6
NeoPsoKso -
gumi 20 22,9 27,2 17,1
the average 24,2 24,1 16,0
no grochemicals 26,5 25,2 17,8
lingogumat 29,4 38,7 19,8
NooP9oKoo ;
gumi 20 28,8 23,3 18,1
the average 28,2 29,1 18,6
NDSO05 main effects:
fertilizers 3,56 2,6 0,95
agrochemicals 2,2 1,9 0,80

Of particular interest are these changes in the supply of nitrogen with the combined use of growth stimulants and mineral
fertilizers. In the natural unfertilized variant, the use of lingogumat and gumi 20 caused a slight change in the content of nitrate
nitrogen. At the beginning of the growing season and during the harvesting period, a decrease in its concentration was noted. In
the heading phase, when using agrochemicals, there was a tendency to an increase in the amount of nitrogen in the soil. The
complex application of mineral fertilizers at low and medium doses of NPK led to a decrease in nitrogen concentration. At the
maximum dose, on the contrary, it stimulated the accumulation of nitrates in the soil.

The reasons for the change in the content of nitrate nitrogen in the soil may be associated with an increase in the
absorption of N-NO3 by plants when treated with humic substances [3, P.155-161] The increase in the absorption of nitrates
during the treatment of HS is explained by the facilitation of the H + / NO symptoms of ions. HS increased the absorption of
NH by plants, while the activity of enzymes malate dehydrogenase, glutamate dehydrogenase, and phosphoenolpyruvate
carboxylase increased.

4.Conclusion

The conducted studies of the effective fertility of segregated chernozem made it possible to reveal the effect of fertilizers
on the supply of nitrate nitrogen. The highest values are characteristic of the maximum application rate. The content of nitrate
nitrogen in the first half of the growing season with the use of mineral fertilizers increased by 28.1 - 76.2% (from 16.0 to 20.5-
28.2 mg / kg). Their complex use with growth stimulants led to a decrease in the concentration of nitrogen in the soil due to
consumption for the formation of higher yields.



Journal of Agriculture and Environment 2 (18) 2021

Conflict of Interest KoH(paukT uHTEpECOB

None declared. He yka3zan.

References

1. Bepanuenko M.B. DHporenHoe oOpa3oBaHHWE HUTPATOB B PACTHTEIBHBIX TKAHAX B PA3IMYHBIX YCIOBHUSIX BHEIIHEH
Cpelbl U POJIb HUTPATHOU (hOPMEBI a30Ta B XHU3HU pacTteHuit / Bepanuenko N.B. // Arpoxumus. — 2016. - Ne7. — C.81 — 95.

2. lagpan C.A. HayuHbsle OCHOBBI IPOTHO3UPOBAHMS COAEPIKAHUS MOJBIKHOTO (ocdopa u kamust B nousax / [llappan
C.A., KupninunukoB H.A. // Arpoxumus. - 2019. - Ne4. — C.3-10. DOI:10.1134/S0002188119040112

3. Pinton R. Modulation of NO3 — uptake by water-extractable humic substances: involvement of root plasma membrane
H+ATPase / Pinton R., Cesco S., lacoletti G. et al. // Plant Soil. 1999. V. 215. Ne 2. p. 155-161.

4. Yesepauu 0. U. M3meHeHuns cBOICTB MOYB [0ro-Boctoka LleHTpanapHoro YepHo3eMbs 101 BIUSHUEM aHTPOIIOTEHHOTO
Bo3aeiicteus / Yesepnun 10. U. — Monorpadus: Boponex «Mcroku», 2013. — 336 c.

5. Yesepnun A.1O. Biusaue OGuornpenapaTtoB Ha 00€CTIEYeHHOCTh arpo4epHO3EMOB HUTPATHBIM a30TOM B TTOCEBAX SIMEHS
/ Yeepaua A.IO., Caytkuna M.IO. // Arposkomorndeckue mpobieMsl mouBoBeneHus U 3emienenus: Coop. Jokm. Mexa.
Hayu.-pak. xoH®p. Kypckoro otmernenus MOO «OOmectBo mousoBenoB mmeHu B.B. JloxywaeBa». — Kypck: ®I'BHY
BHNM3u3IIO, 2017. — C.327-329.

6. Uesepnua A.IO. BimsHne MHKpOOHBIX IIpEmapaToB Ha ypPOXKAWHOCTH SPOBOTO SUMEHS B ycloBuAx LleHTpampHOTO
Yepuosembs / Ueepaun A.1O. / BectHuk MU4ypHHCKOTO rOCYIapCTBEHHOIO arpapHOTo arpapHoro yuusepcutera. — 2019. -
Ne3 (58). — C.81-84.

7. BoiitoBuu, H.B. Ilnogoponue, yao0peHue, copT U KauecTBO NMPOAYKIIMU 3€PHOBBIX KyJIbTyp B HeuepHo3eMHOil 30HE
Poccuu / H.B. Boiirosuu, b.1. Cannyxanze, .H. Uymauenko, B.H. Kanpanos — M.: [IUHAO. — 2002. — 196 c.

8. Uyo M.II. IlumeBoil pexxum yepHO3eMa FOKHOIO M IMPOAYKTHBHOCTH sipoBoro stumens (Hordeum sativum L.) B
YCIIOBUSIX JUIMTENILHOTO cTanmoHapHoro onbita / Yyo M.IL., TIponsko B.B., Spomenko T.M. u np. // IIpoGnembl arpoxuMun u
skosoruu. — 2015. - Ne4. — C. 20-26.

9. lllmanes A.M. BimsiHue a30THBIX yHOOpeHUH HA PUTOCAHUTAPHOE COCTOSHHE W MOTEPU YPOXKasl IPOBOM IMIICHUIBI OT
BpeIHBIX oprannu3MoB B CeBepo-3anagnom peruone / lllnanes A.M. // Arpoxumus. —2016. - Ne9. — C.62-69.

10. CprueB B.I'. IlouBeHHO-arpOXMMHUYECKHE PECYPCHI MOBBIMIECHHS MPOAYKTUBHOCTH 3emMiuefenus B IIpuBomkckom
peruone / B.I'. Crrues, P.A. Adanacees // [Tnonopoane. —2017. — Ne 4. — C. 2—-6.

11. IlmaneB A.M. Dd¢heKTUBHOCT, KOMIUICKCHOTO IPHUMEHEHUS CPEJICTB XMUMH3AIMM IIPHU BO3JENIBIBAHUH SIPOBOTO
sumens Ha Cesepo-3amage P® / Illnanes A.M., ®ecenko M.A., Cmyk B.B. // Arpoxumus. — 2019. - Nel2. - C.47-55.
DOI:10.1134/S0002188119120093

12. Csrues B.I'. HayuHble OCHOBBI IPUMEHEHHS CPEIICTB XUMU3AIMU MPU BO3JIEIIBIBAHUN 03UMOM MILIEHUIBI HAa IEPHOBO-
noa3oaucThIX ouBax llenTpansHoro HewepHosembst Poccnn (pexomennanun) / CerueB B.I'., AnueB A.M., Camoiinos JL.H. —
M.: BHUHA, 2014. 44 c.

13. AmueB A.M. DPheKTHBHOCTh KOMIUIEKCHOTO NMPUMEHEHHS CPEICTB XuMu3anuu B HedepHo3emHoO# 30He (MTOTH 55
JICT UCCIICIOBAHUH B [UTHTEILHOM moJieBoM ombITe) / AmmeB A.M., Camoiinos JL.H., [fumbamuct H.U. // Arpoxumus. — 2016. -
Ne2. — C.20-30.

14. Kynesipo B.H. ArporeoxuMunueckue IUKIIBI yTIiiepo/ia U a30Ta B coBpeMeHHoM 3emiieneninn Poccun / Kynespos B.H.
/I Arpoxumust. — 2019. - Nel12. — C.3-15. DOI:10.1134/S000218811912007X1

References in English

1. Vernichenko 1.V. "Endogennoe obrazovanie nitratov v rastitel'nyh tkanjah v razlichnyh uslovijah vneshnej sredy i rol'
nitratnoj formy azota v zhizni rastenij [Endogenous formation of nitrates in plant tissues under various environmental
conditions and the role of nitrate nitrogen in plant life] / Vernichenko 1.V. // Agrohimija [Agrochemistry] — 2016. - Ne7. — p.81
— 95. [in Russian]

2. Shafran S.A. Nauchnye osnovy prognozirovanija soderzhanija podvizhnogo fosfora i kalija v pochvah [Scientific basis
for predicting the content of mobile phosphorus and potassium in soils] / Shafran S.A., Kirpichnikov N.A. // Agrohimija
[Agrochemistry] - 2019. - Ne4. — p.3-10. DOI:10.1134/S0002188119040112 [in Russian]

3. Pinton R. Modulation of NO3 — uptake by water-extractable humic substances: involvement of root plasma membrane
H+ATPase / Pinton R., Cesco S., Iacoletti G. et al. // Plant Soil. 1999. V. 215. Ne 2. p. 155-161.

4. Cheverdin .Y I. Izmenenija svojstv pochv jugo-vostoka Tsentral'nogo Chernozem'ja pod vlijaniem antropogennogo
vozdejstvija [Changes in the properties of soils in the southeast of the Central Chernozem region under the influence of
anthropogenic impact] / Cheverdin .Y 1. // Monografija: Voronezh «Istoki» [Monograph: Voronezh "Origins"]-2013. — 336 p.
[in Russian]

5. Cheverdin A.Ju. Vlijanie biopreparatov na obespechennost' agrochernozemov nitratnym azotom v posevah jachmenja
[The influence of biological products on the provision of agrochernozems with nitrate nitrogen in barley crops] / Cheverdin
A.Ju., Sautkina M.Ju. / Agro'ekologicheskie problemy pochvovedenija i zemledelija: Sbor. Dokl. Mezhd. Nauch.-prak. konf.
Kurskogo otdelenija MOO «Obschestvo pochvovedov imeni V.V. Dokuchaevay. — [Agroecological problems of soil science
and agriculture: Collection. Dokl. Int. Scientific and practical conf. Kursk branch of the MOO "Society of Soil Scientists
named after V.V. Dokuchaev ".]- Kursk: FGBNU VNIIZiZPE. 2017. — p.327-329. [in Russian]

6. Cheverdin A.Ju. Vlijanie mikrobnyh preparatov na urozhajnost' jarovogo jachmenja v uslovijah Tsentral'nogo
Chernozem'ja [The influence of microbial preparations on the yield of spring barley in the conditions of the Central
Chernozem region] / Cheverdin A.Ju. // Vestnik Michurinskogo gosudarstvennogo agrarnogo agrarnogo universiteta [Bulletin
of Michurinsk State Agrarian Agrarian University] . —2019. - Ne3 (58). — p.81-84. [in Russian]



Journal of Agriculture and Environment 2 (18) 2021

7. Vojtovich, N.V. Plodorodie, udobrenie, sort i kachestvo produktsii zernovyh kul'tur v Nechernozemnoj zone Rossii
[Fertility, fertilization, variety and quality of grain crops in the Non-Black Earth Zone of Russia] / N.V. Vojtovich, B.I.
Sanduhadze, I.N. Chumachenko et al. — M.: TSINAO[M.: TsINAO] — 2002. — p. 101-157. [in Russian]

8. Chub M.P. Pischevoj rezhim chernozema juzhnogo i produktivnost' jarovogo jachmenja (Hordeum sativum L.) v
uslovijah dlitel'nogo statsionarnogo opyta [Nutritional regime of southern chernozem and productivity of spring barley
(Hordeum sativum L.) under conditions of long-term stationary experiment] / Chub M.P., Pron'ko V.V., Jaroshenko T.M. et al.
// Problemy agrohimii i ‘ekologii [Problems of agrochemistry and ecology] — 2015. - Ne4. — p. 20-26. [in Russian]

9. Shpanev A.M. Vlijanie azotnyh udobrenij na fitosanitarnoe sostojanie i poteri urozhaja jarovoj pshenitsy ot vrednyh
organizmov v Severo-Zapadnom regione [Influence of nitrogen fertilizers on the phytosanitary state and yield losses of spring
wheat from pests in the North-West region] / Shpanev A.M. // Agrohimija [Agrochemistry]. — 2016. - Ne9. — p. 62-69. [in
Russian]

10. Sychev V.G. Pochvenno-agrohimicheskie resursy povyshenija produktivnosti zemledelija v Privolzhskom regione
[Soil-agrochemical resources for increasing the productivity of agriculture in the Volga region] / V.G. Sychev, R.A. Afanas'ev
/I Plodorodie [Fertility] — 2017. — Ne 4. — p. 2—6. [in Russian]

11. Shpanev A.M. Effektivnost' kompleksnogo primenenija sredstv himizatsii pri vozdelyvanii jarovogo jachmenja na
Severo-zapade RF [The effectiveness of the complex use of chemical agents in the cultivation of spring barley in the North-
West of the Russian Federation] / Shpanev A.M., Fesenko M.A., Smuk V.V. // Agrohimija [Agrochemistry] — 2019. - Nel2. -
p.- 47-55. DOI:10.1134/S0002188119120093 [in Russian]

12. Sychev V.G. Nauchnye osnovy primenenija sredstv himizatsii pri vozdelyvanii ozimoj pshenitsy na dernovo-
podzolistyh pochvah Tsentral'nogo Nechernozem'ja Rossii (rekomendatsii) [Scientific basis for the use of chemicals in the
cultivation of winter wheat on sod-podzolic soils of the Central Non-Black Earth Region of Russia (recommendations)] /
Sychev V.G., Aliev A.M., Samojlov L.N. — M.: VNIIA[M.: VNIIA]- 2014. 44 p. [in Russian]

13. Aliev A.M. ‘Effektivnost' kompleksnogo primenenija sredstv himizatsii v Nechernozemnoj zone (itogi 55 let
issledovanij v dlitel'nom polevom opyte) [The effectiveness of the complex application of chemical agents in the Non-Black
Earth Zone (the results of 55 years of research in a long-term field experiment)] / Aliev A.M., Samojlov L.N., Tsimbalist N.I. //
Agrohimija [Agrochemistry] — 2016. - Ne2. — p. 20-30. [in Russian]

14. Kudejarov V.N. Agrogeohimicheskie tsikly ugleroda i azota v sovremennom zemledelii Rossii) [Agrogeochemical
cycles of carbon and nitrogen in modern agriculture in Russia] / Kudejarov V.N. // Agrohimija [Agrochemistry] — 2019. -
Nel2. —p. 3-15. DOI:10.1134/S000218811912007X1 [in Russian]



	Natural Resources
	Piskareva L.A.1 *, Cheverdin A.Yu.2 *
	Пискарева Л.А.1, Чевердин А.Ю.2 *

