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PREFATA

Termenul “cernoziom” deriva din limba rusa si inseamna "pamdnt negru™: un teren, care a
devenit un simbol al fertilitatii si a fost Intotdeauna un centru de mare interes pentru agronomi si
pedologi. Zona clasica a cernoziomului se intinde de la Marea Neagra, implicind Romania,
Moldova, Ucraina, Siberia de sud si Asia Centrald, pana la Mongolia. Este un sol extrem de
fertil, cel mai fertil dintre cele trasabile pe planeta noastra, cu un randament foarte ridicat in
productia agricola. Grosimea stratului de cernoziom poate varia foarte mult, de la cativa
centimetri In Siberia pana la 1,5 m in Republica Moldova si Ucraina.

Republica Moldova dispune de bogate resurse de sol care, in mare masurd, asigura
activitatea economica a tarii. Circa 3/4 din suprafatd o ocupa cernoziomurile, considerate cele
mai productive soluri. Cele mai renumite si unice soluri sunt "solurile tipice de cernoziom ale
Stepei Baltului". Cercetarile efectuate 1n aceste locuri de renumitul savant rus Vasile V.
Dokuceaev cu 140 de ani in urma, sunt direct responsabile de fundamentarea stiintei
solului (pedologiei). Solul negru sau cernoziomul - este un fenomen al naturii, un sol bogat in
substante organice, formate ca urmare a acumuldrii produselor de descompunere a plantelor de
stepa.

Cu toate acestea, starea actuald a principalei resurse naturale a tarii — invelisului de sol
ramane ingrijoratoare, utilizarea lui ineficienta, masurile de protectie nu sunt respectate, lucrari
ameliorative nu se efectueaza. Astfel, solurile sunt supuse diferitor procese de degradare,
intensitatea si consecintele negative a carora cresc din an 1n an, in stare deplorabild se afla
solurile luncilor unde s-au efectuat lucrari de reglare a scurgerii”, eroziunea de suprafata si de
adancime, ravenele si alunecarile de teren afecteaza in mod direct calitatea solului. Gestionarea
inadecvata a resurselor de sol caracterizata prin lipsa asolamentelor agricole si a masurilor
antierozionale, neglijarea bunelor practici de conservare a solurilor, parcelarea in masa a
terenurilor a condus la degradarea lor.

,Fiind proprietarii celor mai bune soluri din lume, suntem acum intr-o situatie dificila si
suntem nevoiti sa recunoastem starea trista a agriculturii In zona cernoziomurilor si a stepelor.
De a gasi calea cea mai bund din toate dificultatile agricole din aceasta zona, indicand
modalitatile exacte si practice de rezolvare a problemelor mentionate - aceasta este provocarea
pentru prezent ...”. Acest citat din cartea lui V. Dokuchaev ,,Cernoziomul rusesc”, (1883)
caracterizeaza pe deplin situatia in care ne aflam in ceea ce priveste cernoziomurile.

Conform academician N.A. Dimo ,,...toate cele mentionate mai sus ne permit sa
consideram ca una dintre principalele sarcini ale oamenilor de stiintd in domeniul pedologiei este
studierea mai minutioasa si stabilirea legitatile dintre continutul si rezervele de humus in toate
tipurile si subtipurile de sol. In acest caz, definitiile si calculele ar trebui sa fie coordonate cu
conditiile de sol: relieful si versantii, rocile parentale, gradul de dezvoltare a solurilor pe versanti
si starea eroziunii acestora, conditiile de lucrare si altele”, citat din ,,Solurile Moldovei, sarcinile
studierii lor si cele mai importante trasaturi” (1958).

In brosura sa Dimo noteaza si alte sarcini importante, care sunt relevante astizi. Pedologii
ar trebui sd organizeze cercetdri, atat geografice, cat si stationare, in special cu privire la
echilibrul de umiditate, substante organice si minerale, factori si procese biologice in sol, studiul
si stabilirea continutului total de fosfor, oligoelemente si o serie de alte elemente dispersate in
solurile moldovenesti.

Solurile de cernoziom sunt fundamentale pentru securitatea alimentara mondiald, dar, in
acelasi timp, sunt amenintate de schimbiri ireversibile. In mod potential, aceste soluri pot si ar
trebui sd fie un rezervor semnificativ de carbon la nivel global, rezervorul unui ecosistem unic
pentru dezvoltarea durabila a agriculturii.

De aceea, suntem datori sa le imbunatatim si sa le pastram pentru generatiile viitoare !

,, Cernoziomul poate si trebuie numit rege al solurilor; este, ca sa spunem asa, sol ideal ...
deci, este ideal, cel mai bun dintre cele mai bune soluri ... ", a notat Dokuchaev Tn 1883.

Comitetul organizatoric
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FOREWORD

The term “chernozem” derives from the Russian language and means "black earth™: a
land, which has become a symbol of fertility and has always been a center of great interest to
agronomists and pedologists. The classic area of the chernozem extends from the Black Sea,
involving Romania, Moldova, Ukraine, South Siberia and Central Asia, to Mongolia. It is an
extremely fertile soil, the most fertile of the traceable ones on our planet, with a very high
performance in agricultural production. The thickness of the chernozem layer can vary greatly,
from a few centimeters in Siberia to 1.5 m in the Republic of Moldova and Ukraine.

The Republic of Moldova has rich soil resources which, to a large extent, ensure the
economic activity of the country. About 3/4 of the surface is occupied by chernozems,
considered the most productive soils. The most famous and unique soils are the "typical
chernozem soils of the Balti Steppe"”. The research carried out in these places by the famous
Russian scientist Vasile V. Dokuceaev more than 140 years ago, is directly responsible for the
foundation of soil science (pedology). Black soil or chernozem - it is a phenomenon of nature, a
soil rich in organic substances, formed as a result of the accumulation of decomposition products
of steppe plants.

However, the current state of the country's main natural resource - soil cover remains
worrying, its inefficient use, protection measures are not respected, improvement work is not
carried out. Thus, the soils are subjected to different processes of degradation, the intensity and
negative consequences of which grow from year to year, in a deplorable state are the soils of
meadows where there have been works of "drainage regulation", surface erosion and depth,
ravines and landslides directly affect soil quality. Inadequate management of soil resources
characterized by the lack of agricultural crop rotation and anti-erosion measures, neglect of good
soil conservation practices, mass parceling of land and other led to their degradation.

“Being the owners of the best soils in the world, we are now in a difficult situation and
are forced to recognize the sad state of agriculture in the zone of chernozems and steppes. To
find the right way out of all the agricultural difficulties of this zone, indicating the exact and
practical ways to solve the problems mentioned - that’s the challenge posed at present...”. This
quote from V. Dokuchaev's book "Russian Chernozem", (1883) fully characterizes the situation
in which we find ourselves regarding the chernozem.

According to academician N.A. Dimo “...all the above mentioned allow us to consider
that one of the main tasks of the soil scientists is to study more carefully and to establish the
regularities between humus content and reserves in all types and subtypes of soil. In this case,
the definitions and calculations should be coordinated with the soil conditions: the relief and the
slopes, the parental rocks, the degree of soil development on the slopes and the state of their
erosion, the tillage conditions and others” quoted from "Soils of Moldova, the tasks of their
study and the most important features", (1958).

In his brochure Dimo notes and other important tasks that are relevant today. Pedologists
should organize research, both geographical and stationary, especially on the balance of
moisture, organic and mineral substances, biological factors and processes in the soil, the study
and establishment of total phosphorus content, trace elements and a number of other elements
dispersed in Moldovan soils.

Chernozem soils are fundamental to global food security, but at the same time are
threatened by irreversible changes. Potentially, these soils can and should be a significant carbon
reservoir globally, the reservoir of a unique ecosystem for sustainable agriculture development.

Therefore, we are indebted to improve and preserve them for future generations !

“Chernozem can and should be called the king of soils, it is, so to speak, ideal soil ...
thus, it is ideal, the best of the best soils ...", noted Dokuchaev in 1883.

Organizing Committee



O MHOI'OOBPA3UM ABJIEHUA 30HAJIBHOCTH
B MUHEPAJIBHOM IHAPCTBE I104YB MOJIIOBbI

Bacuamii AJIEKCEEB
HNuctutyt [louBoBenenus, Arpoxumun u 3amutel [loussl um. H. A. Jlumo
Pecny6onuka Mongoa, MD-2070, Kumunes, yi. Snosenckas, 100

e-mail: oks40@list.ru

Abstract. It is shown how, with the study of the soils of Moldova, expanded and filled with content the
expression and guess of V.V. Dokuchaev "on zonality in the mineral kingdom". In Bessarabia, a scientist
identified 4 zonal soil types. The studies of N.A.Dimo, I.A.Krupenikov and scientists of their school have
established the presence of horizontal and vertical zonality, represented by chernozems and forest soils.
As Dokuchaev foresaw, the zonality in the mineral kingdom of the soil cover can be traced even deeper,
at the level of Quaternary sediments. Three types have been established with divided into on species of
mineralogical zonality, defined as geological, soil and soil-geological.

Keywords: soils, sediments, mineralogical composition, zonality, factors.

BBEJIEHHME

Bropas nonoBuna 90-x romoB XIX Beka u Bpemst Broporo mnocemienust beccapabum —
nepuon, korma B.B. JlokydaeB yke Kak KIACCMK MHPOBOrO €CTECTBO3HAHUS HAYMHAET
HOpOSIBIATE OCOOBI HHTEpec K mpobiieMaM HpUpOJHOM 30HaibHOCTH. K 3TOMYy BpemeHu
OTHOCATCS ero paboThl «O 30HATBHOCTH B MHHEpalbHOM IjapcTBe» U «K ydeHuio o 30Hax
npupoas» [1, 2], HOYBEHHBIX 30HAX, TOPU3OHTAIBHBIX — Ha PAaBHMHAX U BEPTUKAJIbHBIX — B
ropax. SIBneHue 30HambHOCTH JlOKyuaeB ycMaTpuBall M TIJIyOKe IIOYB, Ha XapakTepe
4yeTBEepPTUYHbIX oOTHokeHui [1]. B pabore «K yueHuro o 30Hax mnpupoisl» JlokydaeBy
IIPUHAJIEKAT BaXKHbIE, OCOOCHHO JJIs HAIIEro BPEMEHH, CJIOBA, UYTO «...MI0YBAa €CTh TaKoe Ke
CaMOCTOSITEeJIbHOE eCTEeCTBEHHO-MCTOpPMYECKOe Telo, Kak Jwoloe pacTreHue, Jrdoe
JKHBOTHOE, KaK JII000H MHHepaJ, - 4YTO 3TO eCTeCTBEHHO-UCTOpPHYECKOe Tesa0 I0JI/KHO
U3y4yaTh, INpeiie BcCero, KakKk TaKoBoe, He Ipecielysd KaKHX-I1400 YTHIUTAPHBIX
NPUKJIAIHBIX HeJel ...» [2, cTp. 323].

B.B. JlokyuaeB nBaxasl mocetun beccapaburo, B 1877 roxmy, T.e. 142 rona Hazan, u
cnycrs 21 rox, B 1898 rony. IlepBoe moceuienne beccapabum ObII0O KpaTKOBpPEMEHHBIM, BO
BpeMs KOTOPOT'0 YUEHBIH 03HAaKOMMUJICS ¢ COPOKCKUM uepHo3eMoM (Copokckuii yesn, c. Hemana),
Ha3BaB €ro INepBOKJIAcCHBIM. BTopoe Oonee mnurensHoe mponospkanock 20 nHedl. Bo Bpems
BTOpOro nocemenus JlokydaeB nepecek beccapabuio ¢ ceBepa Ha IOT M ¢ BOCTOKa Ha 3amaj,
COBEpILUB MyTh B BUJIE cCBO€0Opa3HOil BocbMepku [3, 4]. [Ipu 3TOM nccrenoBaTesns OTMETHII, YTO
3a CTOJIb KOPOTKOE BPEMsI 1aTh CKOJIbKO-HUOY/Ib OOCTOATEIbHYIO XapaKTEPUCTUKY ITOYB PErHOHA
HET HHUKAaKOM BO3MOXHOCTH. Bce, 4TO MOXHO cjenaTb, 3TO «HAMETUTH IJIaBHbIE IOYBEHHBIE
TUIIBI TYOEPHUH U yKa3aTh UX MPUOIU3UTEIBHOE MECTO B IOUBEHHOM Kiaccudukanuuy. K Tomy
BpeMeHu JlokywyaeBy Obula u3BecTHa pabora mo mouBam beccapabum I'poccyn-Toncroro, B
KOTOPOM TMOCHEAHUM BBIIEISUINCH HA JIaHHOM TeppuTtopur 4 TOYBEHHBIE IOJIOCHI,
OpUEHTHPOBaHHbIE C 3amajga Ha BOCTOK. HabOmomenus JlokyuaeBa, B 0oOIeM, MOATBEPAMIIH
cxemy ['poccyn-ToncToro, HO He OJIHOCTBIO.

THUIDI, BUJbI U PASHOBUIHOCTH MPOSIBJIEHMS 30HAJILHOCTH B IOYBAX
MOJIJIOBBI

Temy 30HaNBHOCTH B «MUHEPAIBLHOM LAPCTBE» MOYB MOJJIOBBI B IaHHOM COOOIIEHUU
paccMOTpUM TOJ YIJIOM MHOTrooOpasusi ee MpOsBICHUS C MPHUBICYEHUEM PE3YIbTaTOB HOBBIX
HCCJIEIOBaHUM B CPaBHEHUHU C T€MH, KOTopble ObutH mpoBeneHsl B.B.JlokyuyaeBsiM. Hamomuuwm,
B beccapabum [lokyuaeB Bbimenun 5 TunoB mouB: 4 HopManbHbie — (1) depHo3emHbIe, (2)
KalITaHOBBIE U MEPTeJINCTO-YepPHO3EMHBIE, (3) conoHLOBBIE U (4) secHble U (5) aHOpMaNbHbIE -
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CMBITHIE, croucTsie U 1p. [3]. IlepBrie 4 Tuna 06pa3yioT rOPU3OHTAIBHYIO 30HAJBHOCTb MOYB.
TeMy BepTHKaJIbHOH 30HAJBHOCTH IOYB OH PAa3BUJ NPEUMMYIIECTBEHHO BO BpeMs M MOCIE
npeObiBanus B 1898 rony na Kagkasze [1, 2].

Pa6oramu H.A./lumo, M.A.KpyrieHnkoBa W MX YYEHHKOB 3HAHHUS B 3TOW 00JacTH ObLIH
MHOTOKpPaTHO YIJIyONieHbl M pacumpeHsl. WX uccleoBaHUSIMHU YCTAaHOBJCHBI TJIAaBHBIC
3aKOHOMEPHOCTH reorpaduu mouys MosoBbl, 00pa3yrole NOYBeHHbIe TOPHU30HTAIBHYI0 U
BEPTHUKAJIILHYI0 30HAJIBHOCTH, M pa3paboTaHa oOmmpHas wux Kiaccudukamus [5-13].
I'opusoHTanpHass 30HANBHOCTh IMPEACTABICHA OCHOBHBIM THUIIOM IIOYB, YEPHO3EMOM, U
chopMHpOBaHa C Oora Ha CEBEp €ro MOATHIIAMU — IOXKHBIM, KapOOHATHBIM, OOBIKHOBEHHBIM,
TUINAYHBIM, BBIIIEJIOYEHHBIM U ONOJ130J€HHBIM [6]. IIpogomxkaeTcss oHa JECHBIMHM ITOYBAMH U MX
NOATUIIAMU — TEMHO-CEPbIMM, CEPbIMH M CBETJIO-CEpbIMU. BepTukaibHas IOYBEHHAas
30HAJBHOCTh BBISIBJICHA Ha BO3BBIMIEHHOCTAX MoinoBel. OHa HayMHAETCS C 30HAJIBHOIO
NOATHIIA  YEpHO3EMa M  MIPOJOIDKACTCS C  YBEIMYCHHEM  a0CONIOTHBIX  OTMETOK
COOTBETCTBYIOIIMMH €0 MOATUITAMH U JICCHBIMU TI0YBaMH — CEpbIMU ¥ OypbiMu [11, 12].

Bo Bpems mpeOniBanus [lokyuaeBa B beccapabum MUHEpaIOTHYECKHE HCCIICIOBAHUS
nouB B Poccum He mpoBoamnuck. Hayka He pacmonaraia JOCTaTOYHBIM METOAMYECKUM
apceHaJoM s TOro, 4ToObl 3aryIIHYTh OCHOBATE€IbHO B MMHEpAJIbHOE LAPCTBO IIOYB.
HccnenoBanus mMoJ MHMKPOCKONOM OBUIM TPYIOEMKH, MAaJOMPOU3BOIUTENBHBI, TpeOoBalu
BBICOKOW KBanM(UKanuu U ObUTM OTPaHWYECHBI Pa3MEPOM MHHEPAJIbHBIX YacTHIl. PeHTreH kak
METOJI MCCIIEIOBAaHUs MpHUlle]d B HayKy ToibKO B 30-x romax 20-ro crtoserus. OH MO3BOJIMII
IPOHUKHYTh B MUHEPAJIOTHUIO NOYB I1yOke rpydosepuucroro marepuana (Mexee 0,01 u 0,001
MM), B TOM 4YHCJI€ B MHUpP [JIMHHUCTBIX MuHepaloB. [lo 95Toil mpuyMHE 30HAIBHOCTH B
MUHEPAJIBLHOM LApCTBE BO BpeMmsi mnpeObiBaHus JlokydaeBa B beccapabum moria ObITh UM
YCTaHOBJIEHA TOJIbKO Ha YPOBHE CaMHMX IIOYB, MX THUIIOBBIX pa3iauuuil. B HacTosiee Bpewms,
Oslarogapsi Iporpeccy B MCCIIEAOBATEIbCKON TEXHHMKE, HOBBIM HCCIIEIOBAHUSIM, IO UCTEUECHUU
MIOYTH TOJIYyTOPa CTOJIETHSI MBI PAcoJlaraéM 3HaHUSMH O 30HAJIbHOCTU B MUHEPAJIbHOM LIAPCTBE
noyB Mo0BbI HAMHOTO B O0JbiieM 00beMe. DTH 3HAHHSI PACIIPOCTPAHSIOTCS HE TOJIBKO Ha MX
TUTIOBBIC U MOATHUIIOBBIE MPU3HAKH, HO U Ha UX MUHEPAJIOTHIO, T.€. B OYKBAJILHOM CMBICIIE Ha
YPOBEHb UX MHUHEPAIbHOI'O LIAPCTBA WJIM YPOBEHb MMHEPAJIOTMYECKON 30HAIBHOCTHU. JTa TeMa
HaMU ocBenanach panee [ 14], HO 31ech ee pacCMOTPHUM MO HECKOIBKO APYTUM YIJIOM.

AHanu3 Bcel COBOKYITHOCTH JAHHBIX MUHEPAJIOIMYECKUX UCCIEAOBAaHUN HA TEPPUTOPUU
MonaoBbI O3BOJSIET HAMETUTH 3 OCHOBHBIX THUIIA MUHEPAJIOTMYECKON 30HAIBHOCTH, KOTOPBIE
BBISIBJISIFOTCSL B €€ MOYBaxX M M04YBO0Opasyromux nopojax. C HEKOTOPOH CTENEHbIO YCIOBHOCTH
MX MOYKHO Ha3BaTh KaK re0JIOrH4ecKuii, IOYBEHHbIIi, IOYBEHHO-TeoIornYecKmii [14].

I'eonormueckuii TUII MHUHePaAJOrH4ecKoil 30HaJIBLHOCTH B Momiose chopmupoBaiics B
pe3yibTaTe TeOJIOTHYECKUX IPOLECCOB, MPU KOTOPHIX 0CaIKOOOpa30BaHHUE COIMPOBOXKIAIOCH
MuHepajorudeckoi nuddepeHuranmenn oTiokeHnid. OObIYHO ITO MPOUCXOIUT NPU YBEIUUECHUHN
WIM YMEHBIIEHUN KUHETHUYECKON PHEPTUU CEAMMEHTAllMOHHOIO IpoIecca B BOJAHOM cpele Npu
00pa3oBaHUM OCAIOYHBIX OTIIOKECHHI.

I'eonornuecknii THII MHHEPAJIOTMYECKOM 30HAJIBHOCTH B MOJIJOBE MPOCIEKUBACTCS B
TaKUX BUOAX:

1) ¢ cesepa na 102 6 NOBEPXHOCMHBIX OCAOOUHBIX OMIIONCEHUAX, 6LICHYRAIOUWUX 6
Kauecmee noueoodpaszyioujux nopoo;

2) 6 MNOBEPXHOCHHBIX OCAOOYHBIX OMIIONCEHUSX, GLICHYRAIOWUX 6 Kauecmee
no468000pa3ylouUx NOPOO OM MO00bIX PEUHBIX MEPPac K 6000pazoenam;

3) 6 3pO3UOHHBIX KamMeHax noYe Ha CKIOHAX,

4) 6 an06UAILHBIX OMIIONHCEHUAX OM PYCEl PEK K RPUMEPPACHOU YaCmU ROUMDBL.

Munepanoruyeckasi 30HaJIbHOCTE B IOBEPXHOCTHBIX OCAaJOYHBIX OTJIOKEHHAX C
ceBepa Ha I0I Hanbojiee OTUETIIMBO MPOSBISETCS B TPEX €€ Pa3sHOBHIHOCTSIX: MUHEPAJIOro-
rPaHyJIOMETPUYECKOH, KBAPLEeBOH U INIMHUCTBIX MUHepPaaoB. [IoHATHO, 4TO reosornueckas
30HAJIbHOCTh MHUHEPAJIOB COMPOBOXKAAET MOYBEHHYIO0 TOPU30HTAIbHYI0 30HAJIbHOCTD.
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Mumnepanozo-cpanynomempuueckuit. U0 30HAIbHOCMU BO3HUK B  PE3yJbTaTe
W3BECTHOTO (haKkTa OOJICTYCHHUS TPAHYJIOMETPUUYECKOTO COCTaBa TOYBOOOPA3YIOIMIMX IOPOT
MonoBel ¢ ceBepa Ha IOT, a TaKXKe TOro OOCTOSTENBCTBA, YTO OOJBIIMHCTBY OCAIOYHBIX
OTJIO)KEHUN CBOMCTBEHHAa 3aKOHOMEPHOCTb, COIJIACHO KOTOPOW HW3MEHEHHEe pa3Mmepa
IPEJICTaBISIIOIIMX UX CUIMKATHBIX YaCTHUL[ COIIPOBOXKJIAETCSI M3MEHEHNEM MMHEPAJIOrHYeCKOro
coctapa nocieanux [15]. Haubonee oT4eTIMBO 3Ta 3aKOHOMEPHOCTH MPOSIBISIETCS HA KBaplle u
IJIMHUCTBIX MHMHepaJsiax. B pesynprare B mouBax U MOYBOOOPA3YIOMIMX MOpoaax MoimioBbl
COBEPIICHHO SCHO MPOSBISIOTCA €lIe JBa BUAa MUHEPATOrHUECKON 30HATBHOCTH — KBapLeBbIi
U INIMHUCTBIX MUHEPAJI0B, reorpaduyeck MPOTHBOIIOI0KHO HAIpaBJICHHBIE.

Keapueevlii munepanozuueckuit 6ud 30HAIbHOCMU TIPOCIICKHUBACTCS B IOYBO-
0o0pa3ylolMX TMOpOAax M 30HANBHBIX IMOYBAX C CEBepa HA IOT C OOJEryeHueM ux
IPaHyJIOMETPUYECKOTO COCTaBa M BBIPAKAETCS B YBEJIMYEHUM B HHUX COJEp)KaHUS KBapla
npumepHo ¢ 20 go 70 % [15].

Munepanocuyeckuii U0 30HATLHOCMU 2NUHUCHBIX MUHEPAN08 B CUIy HX
ocobeHHOCTEe Hambosiee OTYETIIMBO MPOSBISETCS HA CMEKTHTE M MJIUTe U HaOlronaercs B
MOYBOOOPA3yIOIIUX IMOPOAAX M 30HAINBHBIX IOYBAX C CEBepa HAa IOI C OOJEryeHueM Hux
IPaHyJIOMETPUYECKOr0 COCTaBa. BpIpakaeTcsi OH B yMEHBIIEHMH B JaHHOM HallpaBJICHUU
COJIep’KaHUsl YKa3aHHBIX MUHEPAJIOB: CMEKTHTA MPUMEPHO € 25 10 9% U MIIHTA IPUMEPHO C
16 no 5% [15,16].

Munepanozuyueckuii 6u0 30HATbHOCIU 68 NOBEPXHOCHIHBIX OCAOOYHBIX OMIIONCEHUAX
Om MOJI00bIX PEUHBIX MeEPpac K 6000pazdenam BO3HUKAET B CBA3HU C YTSDKEICHHUEM B 3TOM
HAIPAaBIEHUU UX TPAHYJIOMETPUYECKOTO COCTaBa, YTO BBI3BAHO, MO MHEHMIO HCCIEI0BaTElNeH,
YBEJIMYEHUEM BO3pacTa Teppac M Inpoueccamu BeiBeTpuBaHus [17,18]. Kak cnencrBue storo
SBIICHUS, B YKA3aHHOM MOCJIEI0BATEILHOCTH B CUJIMKATHOW YacTH MOPOJ] M TIOYB YBEJIMYUBACTCS
coJiep)KaHuEe TIIMHMCTBIX MHUHepanoB. PaHee Te ke caMble M3MEHEHHsS OTMEYAJIUCh HAMMU Ha
npuMepe MoYBOOOPa3yIOIIKUX MOPOJ BOAOPA3/eliOB B HAMPaBIICHUHU C fora Ha ceBep. [IpuunHa,
Kak ObLIO MOKa3aHO, HE B MpoIleccaX BBHIBETPUBAHUS, a, Kak Ooyiee BEPOSITHO, B M3MEHEHUU
KMHETUYECKOW JHEPrHMM CEeIMMEHTAI[MOHHOTO IIpoliecca B BOJHOHM cpelne mpu 00pa3zoBaHUU
OTJIO)KEHUH B HEOrEH-YETBEPTUYHOE BpEMS, CONPOBOXKIAEMOIO M3MEHEHMEM pa3Mepa
OCKIAIOIINXCS CHIIMKATHBIX MUHEPAJIbHBIX YaCTUIl U UX MUHepaioru# [15].

Munepanocuueckuii 6ud 30HATLHOCMU 6 IPO3UOHHBIX KAMEHAX TIOYB Ha IpUMeEpe
YEpPHO3EMOB TMPOSIBIAETCS C YBEJIMYEHUEM CTENEeHW HUX CMBITOCTH. B pesymnbrare, oT
MOJIHOMPO(MIBHOTO YEPHO3EMa Ha BOJOPA3JEe K APOAMPOBAHHBIM UYEPHO3EMaM Ha CKJIOHE C
YBEJIMYEHUEM CTENEHHM HUX CMBITOCTH CHIDKAETCSI COJEp)KaHHE CIIO/, TJIMHHCTBIX MHHEPAJIOB,
YBEJIMYUBAETCSI OTHOCUTEIBHOE COJEpKaHME KBaplia M IOJIEBBIX LINATOB, CPEAM INIMHUCTBHIX
MHUHEpAJIOB B WJIe YMEHbIIAETCS COJepKaHue WIUINTA, Harpumep, ¢ 28 1o 21%, yBenuuuBaercs
comepkanue cmektuta ¢ 50 go 58%. B umme Takke yBelIMUMBAETCS COJEp)KaHUE
TOHKOJIUCIIEPCHOTO KBaplia, XOTs B IEJIOM €ro TaM MEHbIIE, YeM B M€ MOJHONPO(PHILHOTO
yepHoszema [15].

Munepanozuueckuii  6u0 30HANLHOCMU 6 AIIOGUATIBHBIX  OMJIONHCEHUAX  OM
HpUpPyci060ll K NPUMEPPACHOU YACMU RNOUMbl BO3HUKAET B CBSA3M C YTSKEICHHEM HX
IPaHyJIOMETPUYECKOT0 COCTaBa OT MECKOB U CyMeced 10 CPelHUX U TSKENbIX MHMH. B 1aHHOM
HaIpaBJICHUH COJIep)KaHue KBapua cHmxkaercs mpumepHo ¢ 70 no 10-20%, moJieBbIX mMMNaToB
¢ 17 no 5%, conepxanue carop yBenuuusaercs ¢ 4 10 16 %, cMeKkTHTAa - OT HYJIEBBIX 3HAUCHUN
1o, npumepno, 40%, umagamTa - OT HyNeBbiXx 3HadeHUH 10 20%. B ToM ’xe HampaBieHUH
YBEIUYHUBACTCSI COJICP)KAaHUE XJI0PHUTA U KaoauHuTa [15].

Htak, B OCHOBE Tre0JIOTMYeCKOr0 THINA MHMHEPAJOrHYecKOi 30HAJBHOCTH Ha
TeppUTOpUM MOJIIOBBI JIeKaT MPOLEecChl 00pa30BaHUs OCAJOYHBIX OTJIOKEHHM, SPO3UOHHBIE U
AJUTIOBHANIbHBIE T€0JOTMYECKHE MPOLECChl, COMpoBOXAaeMble nuddepeHnuanyiei B BOAHON
cpelie  CHWJIMKATHBIX MHHEPAJbHBIX YacTHUI] MO HMX pa3Mepy, a COOTBETCTBEHHO M MO HX
MUHEPAJIOTUYECKOMY COCTaBY.
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Jlpyroii THN MHHEPAJOrMYecKOil 30HATBHOCTH B pecnyOnuke chOopMHUpPOBAICT B
pe3yibTare IMPOLECCOB IOYBOOOPA30BaHMA U MOXKET ObITh Ha3BaH HMOYBEHHbIM THIIOM.
['maBHBIM (pakTOpoM (POPMUPOBAHHS STOrO THUIA MHHEPAJOTHUECKOW 30HATBHOCTH SIBIISCTCS
OmokMMaTuiYeckuid  (akTop. PaznmmuaroTcs  BUIABI  MOYBEHHOH  MHHEPAJOTH4YecKOil
30HAJIbLHOCTH!

1) nousenno-npopunvmviit xax cieACTBHE TpaHCHOPMALUU MHHEPAIOTHYECKOTO
COCTaBa IMOYBHI 110 MPODUITIO;

2) noYeeHHO-nOOMUNO0GOI, O0YCIOBICHHBII TpaHC(HOPMALUEeH MHUHEPAIOTHIECKOTO
COCTaBa 30HAJIbHBIX I10YB B UX IOJTUIIOBOM Psly (UEPHO3EMOB, JIECHBIX I10YB);

3) nousenno-munoeoii, 00yCIOBICHHbIH TpaHC)OpPMAIEH MUHEPAIOTHYECKOTO COCTaBa
30HAJIbHBIX [10YB B UX THUIIOBOM Py, @ TAK)XKE B TUIIaX a30HAJIbHBIX I1OYB.

Ilougenno-npopunvuviii.  6u0 MuHEPAIOZUHECKOU  30HANLHOCHMU  VMEET CBOU
0COOEHHOCTH B paclpe/ie]IeHHd MHHEPAJIOB IO MPOQMII0 B 3aBHCUMOCTH OT THUIIOBOM HIIU
MOATUIIOBOW IIPUHAJUIEKHOCTH IOYBBIL. Tak 4epHO3€MaM U JIECHBIM I10YBaM CBOMCTBEHHBI CBOU
3aKOHOMEPHOCTH paclpesieieHusi 1o MpOo(UII0 TEePBUYHBIX, TIMHUCTBIX M KapOOHATHBIX
MuHepasioB. CBOM 3aKOHOMEPHOCTU DPACHpPEIeNICHUs] MUHEpPaloB IO MPOQWII0 CBONCTBEHHBI
A30HAJIbHBIM I0YBaM: CIUTBIM YEpHO3€MaM (BEPTUCOJISIM), COJIOHLAM, JI€PHOBO-KapOOHATHBIM
noysam u ap. [15].

Iloueenno-noomunoeoit  6ud MuUHEPANOZUHECKOU 30HATbHOCHU CKIAJbIBACTCS B
NOATUIIOM psiny nouB. Hampumep, mns 4YepHO3EMOB XapaKTEpHBIM SIBISETCS yTpaTa IIpU
JBY)KEHUH OT I0XKHBIX MTOJITUIIOB K CEBEPHBIM KapOOHATHBIX MUHEPAIOB KaJbIUTA, J0JIOMHTA. B
TOW JK€ IOCIEeNOBaTEIbHOCTH  M3MEHseTcs Npo(uib  IJIMHUCTBIX ~ MHUHEpPAJIOB  OT
aKKyMYJSITUBHOTO Ha fore (KapOOHATHBIM YepHO3eM) 10 Ae(HUIUTHOrO MO WIy Ha CeBepe
(OnOJ30JICHHBIM, BBIIIEIOYEHHBIH YepHO3eMbl). V3MeHeHHs HaOMOJalTCsl MO  CTEeNEeHU
HaKOIUICHHs B Mpoduie KBapua Kak CIEACTBUE MPOIECCOB BHIBETPUBAHUS MEHEE YCTOMUMBBIX
MHUHepaJIoB U MHoroe jipyroe. [TonoGHble mpuMepsl MOXKHO yKa3aTh U B OTHOIIEHUH IOJITUIIOB
JIECHBIX TTOYB [15].

Ilougenno-munogoii  6u0 MUHEPANOZUYUECKOU  30HANbHOCIMU  TIPOSIBISIETCS B
0COOEHHOCTSIX  TpaHChOpMAMM  MHHEPAJIOTHYECKOTO  COCTaBa  30HAIBHBIX  II0YB,
IIPUHAUICKANIMX Pa3HbIM THIAM. B TaHHOM cilydyae MMEIOTCA B BHUJy Pa3jInyusl B U3MEHEHUU
MUHEPAJIBHOM YacTU YEPHO3EMOB U JIECHBIX MOUYB. DTU pa3InyMsl BOSHUKAIOT B CBSI3U C pa3HOU
UHTCHCUBHOCTBIO TEUEHHs] IPOLIECCOB BHIBETPUBAHMS M IOYBOOOPA30BaHMS, KOTOPBIE
BBIpQXAIOTCS B pa3HbIX oObeMax MpeoOpa3oBaHUS MUHEPAJbHOW 4YacTH TIOYB, BBIHOCA
IPOAYKTOB Pa3pyLIEHHs, B Pa3HOM HAKOIUIEHUHM B Npoduiie MHEPTHOTO KBaplia, B XapakTepe
pacnpenenesus no npoQuiIto MNIMHUCTHIX MUHEPAJIOB U T.JI.

Eme pa3 oTMeTHM, YTO MOYBEHHBIN THII MHHEPATOTHYECKON 30HAJIBHOCTH SIBIISIETCA
CIIEICTBUEM JEHCTBUS OHOKIMMAaTHYeCKOro (axktopa, KOTOpbIH Hamboaee 3PGPEeKTUBHO
IIPOSIBIIAETCS HA 30HAJIBHBIX I10YBAX.

IlouBeHHO-T€0JIOTHYECKUIT THII MHHEPAJOTHYeCKOil 30HAJIBHOCTH  CKJIAJ(bIBAeTCS
MEXJy BBICOKUMM M HU3KMMH aOCOJIOTHBIMH OTMETKaMH 3ajeraHust mouB. B ycnmoBusx
Moi0BBI 3TOT TUIT MUHEPAIOTMUECKON 30HAJIBbHOCTU PEATM3yeTCss MEXy JPEBHUMU JIECHBIMU
[OYBaMHM, 3aHUMAIOIIMMH CaMble BBICOKHE a0CONIOTHBIE OTMETKU M MOJIOJIBIMU aJUTFOBHAIEHBIMU
IIOYBaMU COBPEMEHHOW NOWMBL. IIpOoMeXyTOUHOE TMOJOKEHHE MEXIy HUMH 3aHHMArOT
yepHOo3eMbl. Ha3BaHHBIN THN MMHEPAJOrMYECKOW 30HAJIBHOCTH MPOSBISIETCS B crenudpuKe
bopMUPOBAaHUS MUHEpAJOTHYECKHMX mpoduiael JaHHBIX TUIOB T1OYB, B oOBeMax
npeoOpa3oBaHUsl M BBIHOCA MHMHEPAJbHOW YaCTH B COOTBETCTBUM C HMX BO3PAacTOM U
O0COOEHHOCTSIMU XapaKTEPUCTUK MOYBEHHBIX Cpejl BhIBeTpUBaHus. JlelicTByrommMH GakTopaMu
BBICTYIAIOT HEOr€H-YeTBEPTUYHAS HEOTEKTOHMKA, OMOKIMMATHYECKUN (aKTOp, IPO3UOHHBIE,
JIENIOBUANIbHBIE, aJUTFOBUAJIbHBIE MPOIIECCHI, a TAKKE BpPEMSI.
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SAKIIOYEHUE

Bo Bpemsi mpeOwiBanusi B beccapabuu B koHie 90-x romoB XIX Beka B.B.Jloxyuaen
YCTaHOBWJI HAJIMYME 34€Ch 4 TUIIOB I10YB B BUJE TOPU30HTAIIBHOM 30HAIIBHOCTH. B 3T0 ke Bpems
OH OCOOEHHO YyBJEUEH HJeeH, MO ero COOCTBEHHOMY BBIPOKEHHIO, «30HAIBHOCTH B
MHUHEpaAJIbHOM I[apCTBE IMOYB» U MYOJIMKYeT COOTBETCTBYIOIIME paboThl: «O 30HAIBHOCTH B
MUHEpAIBbHOM LapcTBe» U «K ydueHHIO 0 30HaxX IpUpObI». 30HAIBHOCTH (FOPU30HTAJIBHAS U
BEpTUKaJbHAA) B MUpE 1M0o4B MoI0BBI, ycTaHOBIEHHAs J[OKyyaeBbIM, MHOTOKPATHO, LIMpE U
ri1yosxe Obuta noaTBepxkAcHa uccnenosanusimu H.A./lumo, M. A . KpyneHukoBa u uX y4€eHUKOB U
HallUla OTpak€HHe B MX KilaccupuKanuu. bojee TOro, 30HaNbHOCTh ObUIa YCTaHOBJIEHA
HEIIOCPEACTBEHHO B «MHUHEPAJIBHOM LAPCTBE II0YB», B UX MHHEPAJIOTMYECKOM COCTaBE WU
COCTaBe MOBEPXHOCTHBIX OTJIOXKEHUH, Ha KOTOPBIX 3TH MO4YBBI chopMmupoBanuch. [locnennee
Takxke ObuTo mpeackazano JlokyuaeBsiM. B HacTosmiee Bpems B mouBax MoOJIOBBI BBISBICHBI,
IIOMHMMO ITOYBEHHON 30HAJIBLHOCTH B JIBYX €€ IIPOSBICHUAX — F'OPU30HTAIILHOM U BEPTUKAIBHOM,
3 THma MUHEpPaIOrHYeCKON 30HAIBHOCTH, 0003HAYCHHBIE KAaK T'€OJOTHYECKHM, MOYBESHHBIA H
IIOYBEHHO-TEOJIOTUYECKUN € HX PAa3sHOBUIHOCTAMH. Ha3BaHHBIE THIIBI MHHEPAIOIMYECKON
30HAJIBHOCTU OXBATBhIBAIOT KAaK 30HAJIBHBIC JIECHBIC IIOYBBI U YEPHO3EMBI, TAK U A30HAJIbHBIC
IOYBBI, @ TAKXKe MOPOJIbl, HA KOTOPBIX OHU COPMHUPOBAIIUCH.
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MATERIA ORGANICA DIN SOLURILE REPUBLICII MOLDOVA:
EVALUAREA, STAREA ACTUALA, PROGNOZA SI MASURI DE OCROTIRE

Serafim ANDRIES
Institutul de Pedologie, Agrochime si Protectie a Solului ,,Nicolae Dimo”
str. laloveni 100, Chisinau, Republica Moldova, MD-2070
e-mail: ipaps_dimo@mtc.md

Abstract. The article reflects the current state of organic matter in the soils of the Republic of Moldova.
Losses of organic matter from soil through biological processes and erosion are presented; modification
of the organic component during 100-150 years depending on the mode and duration of soil use in
agriculture. The balance of organic matter in agriculture has been established and measures have been
argued for increasing soil fertility.

Keywords: soil, organic matter, current status, measurement, fertility.
INTRODUCERE

Materia organica a solului a fost studiatd pentru prima data cu circa 200 de ani in urma.
Tn ultimii 50-60 de ani cercetirile s-au intensificat in urma utilizarii noilor metodologii si
tehnologii avansate. S-a stabilit ca componentul organic al solului constituie un rezervor de
energie metabolica si sursa de elemente nutritive pentru plante. Substantele organice joaca un rol
decisiv in formarea Insusirilor fizice si chimice, a capacitatii de productie a solului. Experimental
s-a stabilit cd majorarea continutului de materie organica in solurile Moldovei cu 1% conduce la
obtinerea unui spor semnificativ in recoltad — 1190 kg/ha grau de toamna (Andries, 2007).

Cu toate cd importanta componentului organic in formarea proprietatilor solurilor si
capacitdtii lor de productie este determinantd, materia organica nu totdeauna este pretuitd si
ocrotitd la justa sa valoare, ba 1n unele cazuri este chiar ignoratd (Baldok, Bross, 2012). Scopul
investigatiilor constd in evaluarea starii actuale a materiei organice din solurile Moldovei si
elaborarea complexului de masuri pentru sporirea capacitatii lor de productie.

MATERIAL SI METODA

Au fost generalizate rezultatele cercetarilor privind modificarea materiei organice din
solurile arabile in functie de modul si durata de utilizare a acestora in agriculturd; analizate datele
Fondului Funciar si Anuarelor Statistice din perioada 1961-2018 privind structurarea si suprafata
terenurilor agricole, aplicarea Ingrasdmintelor organice si minerale in agriculturd, suprafata si
recolta plantelor de cultura. S-au determinat pierderile de materie organica din sol prin procesele
de mineralizare si prin eroziune; s-a stabilit bilantul substantei organice in diferite perioade de
dezvoltare a agriculturii. Datele experimentale au fost prelucrate prin diferite metodici statistice.

REZULTATELE SI DISCUTII

In biocenozele naturale functioneazi un ciclu inchis al materiei organice. Resturile
vegetale si animale 1n sol sunt supuse proceselor de descompunere cu participarea
microorganismelor. Calculele arata ca din resturile vegetale acumulate anual in sol in zona de
stepa se formeazi 2-4 t/ha de materie organici. In astfel de conditii de solificare, procesele de
sinteza a materiel organice depdsesc considerabil procesele de descompunere. Ca rezultat, pe
parcursul a sute si mii de ani, in cernoziomurile Moldovei s-a format un nivel nalt de materie
organica cifrat la 4-7% (dokyuaes,1900; Jlumo, 1958).

1. Pierderile de materie organicia din solurile arabile prin descompunere si
eroziune
Antrenarea solurilor virgine in agricultura s-a soldat cu formarea unui ciclu deschis a
materiei organice. O mare parte din produsul mineralizarii humusului solurilor arabile se exporta
de pe camp in forma de productie principald (boabe) si secundard. Fluxul de materie organica in
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solurile arabile a scazut foarte mult in comparatie cu conditiile naturale de solificare. Lucrarea
solului cu intoarcerea brazdei a creat conditii favorabile pentru descompunerea mai rapida a
resturilor vegetale si intensificarea eroziunii solului. Viteza de descompunere a materiei organice
depasea cu mult procesele de acumulare a humusului in sol. Bilantul materiei organice in sol a
devenit negativ.

Includerea solurilor cenusii virgine in circuitul agricol s-a soldat cu pierderi considerabile
de materie organica. Rezervele de materie organica in aceste soluri s-au micsorat cu 32-43%. In
conditiile Moldovei, cele mai mari pierderi de humus sunt caracteristice pentru solurile
cernoziomice. Astfel, intr-o perioada de 100 de ani, cernoziomul obisnuit a pierdut 32-42% din
continutul initial al materiei organice. Pierderile anuale de materie organicd prin descompunere
au constituit 600-700 kg/ha (figura 1).
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Figura 1. Pierderile anuale de materie organica din cernoziomurile utilizate in agricultura prin procese

biologice, kg/ha

Din rezultatele cercetarilor efectuate pe diferite subtipuri de cernoziom reies urmatoarele
constatari (Andries, 2007; Uectsixos, 1983; Illep6akos, Bacenes, 1996):

= in primii 10 ani de valorificare a solurilor in agricultura (la arabil), pierderile anuale de
materie organica prin descompunere sunt mari si constituie 1,1-1,3 t/ha (figural). Anual se
descompun 0,030- 0,035% din cantitatea totald de materie organica;

» dupa 20-30 ani de utilizare a cernoziomului la arabil, anual se mineralizeaza 0,9-1,1 t/ha
sau 0,025- 0,030%. Rezervele de materie organica in aceasta perioada se micsoreaza cu 10-15%
(figura 2).

Conform datelor Universitatii din Minnesota, SUA, pierderile de substante organice in
primii 25 ani de utilizare a solurilor din zona de prerii au fost de 1,9-2,8 t/ha/an (Overstreet,
Dejong-Huges , 2016):

= in urmatorii 30-50 de ani de folosire a cernoziomurilor la arabil pierderile de materie
organica constituie 0,7-0,9 t/ha/an sau 20-25% din rezervele initiale;

= Tntr-o perioada mai indelungatd de timp (100 - 300 de ani), pierderile de materie
organica cresc substantial si ating 35-47% din rezervele initiale.

Anual se mineralizeaza 0,4-0,5 t/ha de substanta organica sau 0,015-0,018%. Utilizarea
in agricultura a solurilor din zona de prerii din SUA pe parcursul a 100-140 de ani condus la
micsorarea continutului de materie organica cu 30-50%. Pierderi de materie organica in marime
de 40-50% in urma utilizarii solurilor in agricultura au fost stabilite pentru diferite tipuri de sol
din Alberta, Canada (Lickacz J. and Penny, 2001);
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Figura 2. Pierderile de materie organica in cernoziomurile Moldovei prin descompunere, %

Tn cernoziomurile Moldovei, continutul de materie organica pe parcursul a 100-125 de
ani de valorificare in agricultura s-a micsorat cu 35-42%. De mentionat cd aceastd diminuare de
substanta organica a avut loc in urma proceselor biologice din sol.

Un alt factor care favorizeaza pierderile de materie organica din sol este eroziunea. S-a
stabilit ca de pe terenurile amplasate in pantd anual se pierd 26 de milioane de tone de sol. Prin
eroziune anual se pierd 300-400 kg/ha de materie organicad (Eroziunea solului, 2004). Pierderile
totale de substante organice prin eroziune constituie 15-30% pentru solurile slab erodate, 30-50%
pentru cele cu grad moderat de eroziune si 50-70% pentru cele puternic erodate. Starea actuala a
materiei organice in solurile moderat si puternic erodate, care ocupa 370 mii ha, este
nesatisfacatoare. Grav afectatd de eroziune, tara noastrd riscd sa piarda de pe suprafete imense
(cca 370 mii ha soluri moderat si puternic erodate), cea mai mare bogatie naturala — fertilitatea
cernoziomurilor.

n anii 1970-1990, in agricultura Moldovei a fost implementat un complex de masuri
pentru conservarea si sporirea fertilitdtii solului. Acesta includea asolamente zonale cu cota
ierburilor perene de 8-10%, fertilizarea echilibrata, lucrarea conservativa a solului, controlul
eroziunii, extinderea irigatiei pe 308 mii ha, aplicarea a 8-10 milioane de tone de ingrasaminte
organice etc. Tehnologiile aplicate au contribuit la formarea, pentru prima datd in istoria
agriculturii Moldovei, a unui bilant echilibrat de materie organica in sol (Programul..., 2004).

Administrarea sistematicd a ingrasamintelor in asolamente a condus la ameliorarea
regimului nutritiv. Continutul de fosfor mobil s-a majorat de doua ori; s-a stabilizat cantitatea de
potasiu schimbabil in solurile arabile. Implementarea masurilor de conservare si sporire a
fertilitatii solului, elaborate de stiinta agricold, a contribuit la majorarea capacitatii de productie a
solurilor si obtinerea in anii 1986-1990 a recoltelor Tnalte de 3,8 t/ha grdu de toamna, 3,9 t
porumb pentru boabe, 2,0 t/ha seminte floarea-soarelui (Andries, 2007).

Tn ultimii 20-25 de ani, in agricultura Moldovei au avut loc transformari radicale. Fondul
funciar a fost privatizat, insa acest proces, realizat fara un suport stiintific, nu s-a soldat cu
implementarea misurilor de conservare si sporire a fertilititii solului. In ultimii ani (2000—2018)
asolamentele zonale practic nu se respectd. Cota ierburilor perene in asolamentele de camp s-a
micsorat de sase ori si constituie circa 30 mii ha. Suprafata ocupata de mazare, culturd
leguminoasa fixatoare de azot biologic, s-a micsorat de trei ori, iar cota culturilor prasitoare
(floarea-soarelui, porumbul) s-a majorat pana la 65%.

In ultimii 20 ani in agriculturd se aplica cantititi neinsemnate de ingrisaminte organice
(0,02-0,05 t/ha), doza optima fiind de 10 t/ha. Volumul de ingrasaminte minerale aplicate pe
terenurile agricole constituie doar 35-75 kg/ha NPK si este insuficient pentru nutritia optima a
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plantelor de cultura. Postactiunea ingrasdmintelor minerale cu fosfor, administrate sistematic in
sol Tn anii 1965-1990 in cantitate de 960 kg/ha, practic s-a epuizat. Productia agricola secundara
nu se aplica pretutindeni in calitate de ingrasamant organic. Ca rezultat, bilantul materiei
organice si al elementelor nutritive in agricultura Moldovei este negativ. Capacitatea de
productie a solurilor a scazut cu 25-40%. Productivitatea graului de toamnd, intr-un ciclu
multianual, s-a micsorat cu 35% in comparatie cu perioada precedent.

2. Starea actuala a materiei organice in solurile arabile

Gradul de asigurare a solului cu materie organica a fost determinat in baza cercetarilor
agrochimice efectuate in perioada anilor 1986-1990 de catre Serviciul Agrochimic de Stat.
Acestea au scos in evidenta urmatoarele aspecte referitor la materia organica a solurilor (tab. 1):

Tabelul 1. Continutul si pierderile de materie organica din solurile arabile ale Republicii Moldova

Clase de Continutul Suprafata Pierderile de materie
continut de de materie solurilor organica prin procese Soluri arabile
materie organica in i i o biologice si prin
organica sol, % 0 eroziune
Foarte mic mai mic de 1369 | 86 60-70 Cernoziomuri puternic
2% ’ ’ erodate
Cernoziomuri §i soluri
Mic 2130 | 5102 | 32,0 50-60 cenusii slab si moderat
T ’ ’ erodate
Cernoziomuri carbonatice
Mijlociu 31-4.0 6232 | 39.1 40-50 si obisnuite, soluri aluviale
o ' ' si deluviale, soluri erodate
Mare 4150 | 2815 | 17,8 30-40 Cemnoziomuri tipice si
levigate cu profil intreg
Cernoziomuri tipice
Foarte mare 5160 | 402 | 26 20-30 utilizate cu aplicarea
tehnologiilor avansate
Excesiv de mare peste 6,1 0 0 - Nu au fost evidentiate

= suprafata solurilor arabile cu continut foarte scazut de materie organica (mai mic de
2,0%) constituie 136,9 mii ha sau 8,6%. In aceasta clasd se incadreaza solurile puternic erodate
care au pierdut prin eroziune 60-70% de substante organice;

= solurile cu continut scdzut de materie organica (de 2,1-3,0%) ocupd 510,2 mii ha sau
32%. Aceasta clasd include solurile slab si moderat erodate, partial solurile cenusii. Pierderile de
materie organica in solurile erodate sunt mari — 50-60%;

= solurile cu continut de materie organica de 3,1- 4,0% ocupd cele mai mari suprafete —
623,2 mii ha (39,1%). Clasa inglobeaza cernoziomurile obisnuite, carbonatice, solurile aluviale
si deluviale, precum si cernoziomurile slab erodate. In aceste soluri pierderile de materie
organicd prin descompunere si prin eroziune constituie 40-50%;

= cota solurilor cu continut de materie organica de 4,1-5,0% ocupa 281,5 mii ha (17,8%)
si sunt prezentate prin cernoziomuri tipice si levigate. In aceasti clasi de soluri pierderile de
materie organica prin descompunere constituie 30-40%;

= in clasa de soluri cu continut de materie organica de 5,1-6,0% se incadreaza terenurile
agricole cu o suprafata de numai 2,6% (40,2 mii ha);

= soluri cu continut de materie organicd de peste 6,1%, care in conditiile naturale de
solificare ocupau suprafete mari, nu au fost evidentiate;

= starea materiei organice din solurile arabile ale Moldovei este nesatisfacatoare pe 32%,
iar pe 10% — critica. Pe celelalte 60% din terenurile arabile bilantul materiei organice este
negativ si constituie minus 600-700 kg/ha, iar cu pierderile prin eroziune — minus 1000-1100
kg/ha.
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3. Prognoza continutului materiei organice din solurile Moldovei

Cercetarile efectuate de V. Docuceaev la sfarsitul secolului XIX (oxy4aes, 1900) au
demonstrat ca cernoziomurile Moldovei contineau 5-6% de materie organica. Catre anul 1900
cantitatea de materie organica a constituit circa 5% (figura 3).
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Figura 3. Prognoza continutului de materie organica (%) din solurile Republicii Moldova

Utilizarea solurilor in agriculturd a condus la micsorarea continutului si rezervelor de
materie organica din solurile Moldovei. Peste 50 ani de exploatare a solului in agricultura
continutul de materie organicd s-a micsorat considerabil si a alcatuit 4%. Pierderile de substante
organice in perioada anilor 1900-1950 au constituit 20% din rezervele initiale. Anual in
rezultatul proceselor biologice se mineralizau 0,02% de materie organicd sau 720 kg/ha.
Rezultatele cartarii agrochimice a solurilor agricole efectuate de serviciul agrochimic au scos in
evidenta ca citre anul 1990 continutul de materie organica a constituit 3,1%. Intr-o perioada de
100 ani prin procesele biologice au fost pierdute 40% din rezervele initiale de materie organica.

Tn perioada anilor 2000-2018 bilantul materiei organice in sol este negativ - minus 600-
700 kg/ha. Anual prin eroziune se pierdeau 300-400 kg/ha de materie organica. In asa mod, in
total pierderile anuale de materie organica prin descompunere si prin eroziune constituiau circa 1
t’/ha. Conform prognozelor continutul de materie organica catre anul 2025 se va micsora si va
constitui 2,7 %, atingand nivelul critic pentru cernoziomuri.

4. Masuri de conservare a materiei organice din sol

Continutul de materie organica depinde de fluxul de substante organice in sol si pierderile
lor prin descompunere si prin eroziune. Pe parcursul anilor 1950 — 2015 de cercetare a fost
elaborat un complex de misuri pentru mentinerea materiei organice din sol. In conditii de
productie au fost testate-demonstrate eficacitatea procedeelor agrotehnice, fitotehnice,
agrochimice si pedo-ameliorative expuse in (Programe statale, monografii, recomandari). in
continuare prezentam principalele masuri de mentinere a materiei organice din sol (Programul
complex..., 2004; Eroziunea solului, 2004).

Elaborarea si realizarea unui sistem de subventionare a fermierilor pentru: dezvoltarea
sectorului zootehnic (cu producerea ingrasdmintelor organice); combaterea eroziunii solului;
mentinerea materiei organice; aplicarea practicilor agricole prietenoase mediului.

Asolamente zonale cu cota respectiva a ierburilor perene. In asolamentele zonale
culturile leguminoase, fixatoare de azot biologic, ocupa 20-25%, inclusiv 10-13% ierburile
perene. Pe terenurile in panta, cu soluri erodate, se recomandd aplicarea asolamentelor
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antierozionale. Pe solurile moderat si, indeosebi, pe cele puternic erodate, se recomanda
cultivarea culturilor dese, in care predomina ierburile perene (Lupascu, 2004).

Aplicarea ingrasamintelor organice reprezintd o masura importantd pentru majorarea
fluxului de materiale organice si de elemente nutritive in sol. Pentru formarea bilantului
echilibrat de materie organica este necesar de aplicat in medie pe asolament 9,6 t/ha de
ingrasaminte organice. Doza de aplicare a gunoiului de grajd constituie 30-40 t/ha, cu
periodicitatea de patru ani.

Resturile vegetale compenseaza pierderile de materie organicd prin descompunere in
marime de 40- 50%.

Productia agricold secundara (paiele) constituie o sursa suplimentara de compensare a
materiei organice si a elementelor nutritive din sol. Resturile vegetale necesita a fi tocate (2-6
cm) si distribuite uniform pe suprafata terenului. Pentru stimularea activitdtii microorganismelor,
care descompun resturile vegetale, se recomanda de aplicat cate 10-12 kg de azot la fiecare tona
de productie secundara.

Utilizarea echilibratd a ingrasdmintelor minerale majoreaza productia agricold
secundard cu 30-40%. Resturile organice incorporate in sol compenseaza partial pierderile de
materie organica prin descompunere.

Lucrarea conservativi a solului micsoreaza pierderile de materie organicd prin
descompunere, contribuie la conservarea Insusirilor fizice si umiditatii in sol.

Aplicarea ingrasamintelor verzi majoreaza cantitatea de materie organica si de elemente
nutritive in sol, stimuleaza activitatea biologica, contribuie la protejarea solului de eroziune,
sporeste capacitatea de productie a solului (Cerbari, 2014). Controlul eroziunii solului (prin
implementarea masurilor de organizare a teritoriului, agrotehnice, fitotehnice si hidrotehnice)
asigurd reducerea pierderilor de sol la limita admisibild de circa 5 t/ha si protectia mediului
ambiant de poluare. In fiecare gospodirie agricola, reiesind din conditiile naturale si din
practici agricole de mentinere a materiei organice din sol.

CONCLuUzII

1. Solurile Moldovei, utilizate pe parcursul a 100- 125 de ani in agricultura, au pierdut in urma
proceselor de descompunere 35-42% de materie organica. Pe terenurile amplasate in panta
au loc pierderi considerabile de materie organica prin eroziune. Solurile erodate au pierdut
20-70% de materie organica.

2. Tn ultimii 20 de ani s-au intensificat toate tipurile si formele de degradare a solului, mai cu
seama degradarea chimica. Bilantul materiei organice in agriculturd este negativ — minus
600-700 kg/ha/an. Cantitatea de elemente nutritive este insuficienta pentru nutritia optima a
plantelor de culturd. Capacitatea de productie a solului s-a micsorat cu 25-40%. Recolta
graului de toamna constituie doar 2,2-2,6 t/ha.

3. Pentru mentinerea materiei organice, sporirea capacitatii de productie a solului consideram
oportun realizarea urmatoarelor masuri: controlul eroziunii solului cu micsorarea scurgerilor
solide pana la limita admisibild de 5 t/ha; aplicarea asolamentelor zonale cu cota ierburilor
perene de 10-15% si micsorarea suprafetei culturilor prasitoare pana la 50%; dezvoltarea
sectorului zootehnic, producerea si aplicarea a 10 t/ha ingrasdminte organice; lucrarea
conservativa a solului; utilizarea rationald a resturilor vegetale in calitate de ingrasamant
organic; optimizarea nutritiei minerale a plantelor de culturd prin aplicarea ingrasamintelor
organice $i minerale.

4. Elaborarea si aplicarea unui sistem de subventionare a fermierilor pentru conservarea
Materiei organice $i majorarea capacitatii de productie a solului.
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INOYBOCBEPET'AIOIIASA TAPAIUT'MA 3EMJIEJAEJINSA —
BbIXO/ U3 KPU3UCA

Bopuc AITAPUH'?, Enena CYXAUEBA'?
'OI'BHY «llenTpansHbiii My3eil mouBoBeeHus uM. B.B. [lokyuaeBa»
bupxeoii mpoesn, 1.6, Cankr-Ilerepoypr, Poccus, 199034,
2CaHKT-H6Tep6prCKI/II7[ rOCyJIapCTBEHHBIN YHUBEPCUTET, MHCTUTYT HayK O 3emiie,
kadenpa moYBoBeIcHUS ¥ SKOJIOTHH 104B, 16-s muams 1.29, Cankr [letepOypr, Poccus, 199178
e-mail:soilmuseum@bk.ru

Annotation. The types and factors of agrogenic degradation of soils characteristic of extensive and
intensive farming systems (FS) are considered. A soil conservation paradigm of agriculture is proposed.
The characteristic of soil-saving FS and their elements is given.

Key words: paradigm, soil degradation, soil conservation system of agriculture.
BBEJEHUE

BolpamuBanue KyJnbTypHBIX PacTeHHMH BCerja COIpPOBOXKIAETCS TOW MM MHOU (hopMoi
nerpagauuu 1nous.KopHu mpobiemsl Jerpajaly MoYB YXOAST B IIIYOOKYIO APEBHOCTh. JTO
00BsICHSIETCS, MPEXK/IEe BCEro, BHYTPEHHEH NMPOTUBOPEUNBOM Ipupooil 3emnenenus. C tex nop
KaK CEJIbCKOE XO3sICTBO cTajno, mo omnpenenenuo B.M. BepHaackoro, reogornyeckoi CUiou,
MEHSUTUCh TOJBKO BHJBI, MacIITaObl W TEMIIBl arpOT€HHOHN Aerpajaluy I0YB. ArporeHHas
Jerpajanys IOYB — 3TO TaKOE H3MEHEHHE CTPOEHHsS, COCTaBa, CBOWCTB, PEXHMOB II0YB
CEIIbCKOXO3SMCTBEHHBIX YIOAUMM B PpE3YJbTATe XO3SMCTBEHHOM JEATEIBbHOCTH, KOTOpbIE
HapyIIAl0T €CTECTBEHHbIE MEXAHU3MbI BOCIIPOU3BOJICTBA ITOYBEHHOIO IIJIOJOPOAMS U CHUIKAIOT
arpoIpOU3BOJACTBEHHBIN IOTCHIIUAIL.

Ilenp paGoThl: MPOBECTH aHAIM3 BHUAOB M (PAKTOPOB arporeHHOM Jerpajgalyuy I0YB
OKCTCHCHUBHBIX W MHTEHCHBHBIX cucreM 3emienenus (C3) wu  paccmorpers tumbsl C3,
COOTBETCTBYIOIIME [TOYBOCOEpEraoeil napagurme 3emMieenus.

OBBEKTBI U METO/IbI

OObexTaMH HUCCIEI0BaHMs SABJISIOTCS MCTOpUYECKU-ciiokuBIMecs C3 M mpucymme UM
dopMbl aerpanauuu mous. [y perieHus] MOCTaBICHHOW 3ajaud NMPUMEHEHbl CPAaBHUTEIBHO-
UCTOPUYECKHI M CpaBHUTENbHO-reorpapuueckuii meroa. McTopuio uenoBedecTBa MOXKHO
IPEJICTaBUTh KaK HCTOPUIO KPU3UCOB U DPEBOJIOLUH, CBSI3aHHBIX B 3HAUUTENBHOM Mepe C
nerpanaieit mous (Amapus, 2006; Moutromepu, 2015).

Bunel nerpaganny — 3TO KOHKpeTHbIE (GopMbl ((pu3nueckue, XUMUYECKHe, (U3HKO-
XUMHUYECKHEe M OHOJOTMYECKHe) TMpOsBICHUS, OKa3bIBAIOLIUE CYIECTBEHHOE BIMSHUE Ha
CBOMCTBA U PEKUMBI I10YB, X IIPUPOJHYIO U XO3IMCTBEHHYIO [IEHHOCTh. BBIIEISIOT cnenyromue
OCHOBHBIC BHJIbI Jlerpajlallui: BoJHasl (IUIOCKOCTHOW CMBIB IOYB, 0Opa3OBaHHE OBPAaroB) U
BeTpoBasg (medisiuusi) Spo3usi; MOTeps OpPraHWYeckoro BemiecTBa (AerymMHQHUKaus);
NEPEYIUVIOTHEHUE M yTpaTa AarpOHOMMYECKH LIEHHOW CTPYKTYpbl; BTOPUYHOE 3aCOJICHUE,
OCOJIOHLIEBAaHUE, TOAKUCIECHNUE; UCTOLIeHHE (0OeqHEeHHE 3JIEeMEHTaMU IHUTAaHUSI PacTeHUN);
3arpsiI3HEHUE MTOYB TSHKEJIBIMU METAJUIAMH, OPTaHUYECKUMU COEIMHEHUSIMH, PaIUOHYKINIaMHU U
JIpYTMMH MOJITIOTaHTaMU; onycTeiHMBaHue (roa pen. A.JI. MBanosa, 2013).

OObI4HO Jierpasalys Mo4B MPOUCXOAUT MIPU KOMOMHUPOBAHHOM BO3JIEHCTBUU MPUPOIHBIX
U aHTPOIIOTE€HHBIX (akTopoB. Ha MHOTMX TEppUTOPHUSIX MPOSBISIOTCS OAHOBPEMEHHO /IBa U
6oJiee BUIOB JIETPaJalliy.

@opMbl, BUABI U CTENEHb JErpajalliyd MOYB 3aBUCAT OT KIMMATUYECKUX YCIOBH, THUNA
nouB (ee cBOMCTB), penbeda, mpumensemoit C3 (Tabnuna 1).
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Ta6mmma 1. Bugs! u dhakTopsl Aerpagamnuy MoIB

Cucrembl Bl erpajamin [Tpuunss! (GpakTopsr)
3eMIIEIENHS
IxcrencuBHbie C3
IJF?{}EC;;HP?' ITotepst OB; uCTOLIEHHUE; C>kuraHue; BBIHOC XUMHUYECKUX
HepenoKHas YHHYTOXXEHHE 30011eH03a 3JIEMEHTOB C YPOXKaeM

BbIHOC XUMHYECKHX 3IEMEHTOB C
ypOXKaeM 3epHOBBIX; HHTCHCHBHAS
00paboTKa MapoBOTO TOJIS;
He3allUIIeHHas PaCTUTEIbHOCTHIO
MMOBEPXHOCTH MOYBBI; BCHAIIKA IITYTOM C
000pOTOM TIIACTa; YCKOpEHHAS
MuHepanuzanus OB; nepeceueHHbIN
penbed
BBIHOC XUMHYECKUX JJIEMEHTOB
KYJIETypaMu CeBOOOOPOTa; MHTCHCHBHAS
MexaHndeckast 00padOoTKa IMOYBBI;
BCHAIIKA IJTYTOM ¢ 000POTOM IIJ1acTa;
MpONaIHble KyJIbTYPhl;pacianka
CKJIOHOB; M30BITOYHOE OPOIICHUE
HNurencuunie C3
Hapyuienue 6ananca (COOTHOIICHUS)

Hcrolenne; n3MeHeHUE
nenoOuoLeHo3a; nerymudukanus;
[TapoBas paspyIlieHne CTPyKTYPHI; BCE BUIBI
5pO3UH; ePEYIUIOTHEHHE
MOJNax0THOTO TOPU30OHTA

Hcromenue; aerymudukanus; moTeps
arpOHOMHUYECKH LIEHHON CTPYKTYPBI;
[InomocMmeHHast | BTOpUYHOE 3aCOJICHHUE;
MEepeyIUIOTHEHNE CPEAMHHBIX
TOPU30HTOB; BCE BUJIBI IPO3UU

XMMHYECKHX JJIEMEHTOB B TI0YBE; Beicokue 10361 MUHEPATBEHBIX
HepeynIoTHEeHNe; pa3pylieHue yIoOpeHuil; XUMUYEeCKUe CPe/ICTBA
[InomocMmeHHBIE | arperaros; Motepsi OMOpa3HOOOpas3us; | 3alIUTHI PACTCHHUS; HHTCHCHBHAS
MoauUIIpo- 3arps3HeHNe; BCe BUIBI DPO3UH; 00paboTKa 1MOYB; TsHKENas TEXHUKA;
BaHHBIE, pa3pylIeHHe MUHEPAJIOB, COAEPKALINX | UCTIOJIB30BaHHE TPAHCTEHHBIX COPTOB;
MOHOKYJBTYpa OroUIbHBIE XUMUYECKHE SJIEMEHTHI; | BHIpAllMBaHUE PACTCHUN Ha OMOTOILTUBO;
pa3pylIeHre OpraHo-MUHEPaIbHON HapyIIeHHe CeBOOOOPOTOB; BTOPHIHOE
MAaTpHIIBI; CTPECC, PETIPECCHs H MIOJIKKCIICHHE; 3arps3HeHNE

PE3UCTEHTHOCTH IEA0-MHKPOOOIICHO3a

Jlerpaaiusi OYB UMEET Pa3HOOOPA3HbIE IKOJIOTHYECKUE, SIKOHOMUYECKHE W COIHAIBHO-
skoHOMHUYeckue mocieactsus (Pucynok 1), (Anapun, 2006; Lal, Horn, Kosaki, 2018).

PE3YJIBTATBI U OBCYXIEHUA

bonee 90% mnponoBonbCTBUA YenoBeK MosydaeT oT 3emienenus. [lo cymectBy, Bce
CUCTEMBI 3eMJIEJIEINSI OPUEHTUPOBAHbI Ha pelIeHrne IpobsieMbl aqeduuTa MNpoyKTOB MUTaHUS,
IIyTEM OCBOEHUs HOBBIX TEPPUTOPHUM U TOBBILIECHUS YPOXKAcB Ha JUIUTEIBHO HCIOJIB3YEMBIX
nouBax. Ilo mepe mcyepnanus pesepBa IUIOAOPOIHBIX 3€MENb M HCTOLICHUS €CTECTBEHHOTO
arpodKOJIOTMYECKOrO IMOTEHIMaja MI0YB 3KCTEHCUBHBIE METOAbl B 3€MIICIACIMM CMEHUIINCh Ha
MHTEHCHBHBIC. [ JTaBHBIM 3BEHOM B MPOJYKIIMOHHOM Iipolecce crtano pacteHue. C poctom
TEXHUYECKUX BO3MOXKHOCTE M XHMHUYECKHX CPEIACTB YIPaBICHUSA INHUTAHUEM U 3alIUThI
pacTeHuil 3aBUCHUMOCTb 3(QQEKTUBHOCTH 3€MIIEAENUs OT II0YBbI, KaK BOCIPOU3BOJSIIEH
IUIOIOpO/INE TPUPOJHONW CHCTEMBI, yMeHbIIanoch. IlouBam Bce Oonblie OTBOJAMIACH POJIb
cyOcTpara — cpesibl OOMTaHUsI KYJIbTYPHBIX PACTEHHIA.

Taxoli runepTpodupoBaHO-CyOCTpaTHBIN MOAXO0/ K MOYBE MPHUBEI K HIMPOKOMACIITaOHON
Jerpajallii MOYB U €€ Pa30alaHCUPOBAHHOCTH KAK CaMOYIPAaBISIEMON NMPUPOJHOM CHUCTEMBI.
CreneHp arporeHHOro JaBJIEHHMS HA IOYBBI HEW3MEpPUMO Bo3pocina. [losBuwinch npu3HaKu
HeoOpaTUMOlM cucTeMHOW jerpananuu mo4yB. K HUM OTHOcATCA: PE3UCTEHLUSIMUKPOOHOMA,
paspyllieHHe OpraHO-MHMHEpaJbHOW MAaTpUIBl U MHHEpAJoB, COJEpXKalluX OWOTeHHbIE
XUMUYECKHE JIEMEHTBI, Ierpajalis €CTECTBEHHOI0 MEXaHU3Ma BOCIIPOU3BO/ICTBA IIOJOPOIHSL.
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Jerpanmarus Io4s

— T

DKOIOTHYecKHe DKOHOMHYECKHE ConHanbHO-IIOTHTHYIECKHe
TIOCTIE/ICTBUS TOCIIENCTBHA TOCIEeNCTBHA
l i i
Hapymenne GanaHca IToTepH ypoxkas c.-X. I1pOOOBONECTEEHEAS
(yHrHit mo4e u KyTbTyp. 3aTpaThl Ha 3aBHCHMOCTB

[NOYBEHHOTO IIOKP OB

HMIIOPT TP OOYKIHH

Ilotepn 3aTpaTsl HA VXyImeHHe KadecTea
GHOMOTHYECKOTO peaGIITHTALIIO TI0YB N
pasHooOpasus
| | |
SKOIOTHYeCKHe 3aTpaTsl Ha CO3IaHHe HecraﬁH“BHocfb
KaTacTpodsl CHCTEMBI MMOMHTHYECKOH
BOCIIP OH2BOZICTEA CHCTEMBI
TIOYBEHHOTO IUTOOP OJIHA

Pucynoxk 1. [locnencteus aerpaganuu no4ys

310 00yCcIOBIMBAET HEOOXOIUMOCTh CMEHBI IIapaJUIMbl 3eMJIE/IEINSI, 3aKI0YatolIeiics B
CMEIIEHHE aKIEHTa C KyJIbTYPHOTO PACTEHUS HA TIOYBY.

[Tepexon Ha mo4BOCOEperaroIlyr0 CUCTEMY 3eMIIEJENUs MIPEeIyCMaTpUBAEeT 00s3aTeNIbHOE
OTpaHUYEHHUE CTETIEHU BO3ACUCTBUSA Ha Mo4By. CHcTeMa CTPOUTCS HAa OCHOBE OaiaHca eMKOCTH,
napaMeTpoB  KYJIbTYpPHOTO IUJIOZAOPOAMS W BEJIMYMHBI  IUIaHMpyeMoro ypoxas. B
noyBocOeperaronieil cucreMe 3eMyIeNeNsl TPETyCMaTPUBACTCSl COXPAaHEHUE EeCTECTBEHHOTO
MeXaHU3Ma BOCIPOM3BOCTBA IIOJOPOJIUS MOUBBI — €€ IJIaBHOW CHCTEMHOHN XapaKTepUCTHUKH.
[Ipenen momycTrMOi Harpy3kd Ha MOYBBI, 0OECIIEYHMBAIOIICH ONTHMANIbHBIE YCIIOBHS POCTa U
pa3sBUTHSI paCTEHU, 3aKJIa/IbIBAETCS B MOJIEH BBICOKO MJI0JOPOAHOM mouBkl (PucyHok 2).

[TouBocOeperarome CHCTEMBI 3eMileieNus. 30HadbHO-ajanThupoBanHeie C3 — 93TO
CHUCTEMBl ~ NIPOM3BOJCTBA  CEIbCKOXO3SIMCTBEHHONM  MPOAYKLMH,  aJalTHpPOBaHHbBIE K
arpoKJIMMAaTUYECKUM yCIOBUSIM UM CTPYKType IIOYBEHHOTo TOKpoBa. JnemeHTol (3
pa3pabaThIBalOTCAd C y4ETOM KOHTPACTHOCTH M CIIOKHOCTH CTPYKTYpBl IOYBEHHOTO IOKpOBA
(rpaHynoOMeTpUYECKUN COCTaB, BOJHBIM, TEMJIOBOM M MNHIIEBOM pexumsl). LlenecooOpasHo
UCIIOJIb30BAaHUE TEXHOJIOTUH TOUEYHOTO 3€MIIEAETHSL.

Oprannyeckne C3 — 3TO cHUCTEMBbI NMPOU3BOJACTBA CEIbCKOXO3IMCTBEHHON NpPOAYKLHH,
OCHOBaHHbIE Ha HCIOJb30BAHUU €CTECTBEHHOI'O MOTEHIIMANA MOYB, OPraHUYECKHUX YA0OpeHU
(pacTuTeNnbHBIC OCTATKH, HABO3, 3€JICHOE yI00pEHUE, OPraHMUECKUE OTXObI), TPUPOTHBIC PY/IbI
B KauecTBE MHUHEpAIbHBIX YIOOpeHMH M CpeacTBa OMOJOTMYECKOW 3amuThl pacTeHuid. He
JIOMTyCKAaeTCsl NMPUMEHEHHWE CHHTETUYECKH TPOW3BEACHHBIX  yIOOpPEHHH, TECTHIIHIOB,
PETyJIsATOPOB POCTa, CHHTETHUECKUX J00aBOK (aHTUOMOTHKH, TOPMOHBI pOCTa JJsl CKOTa),
METOJIOB F€HHON MHKE€HEpUH, CTOUHBIX BOJ JuIs ynoOpenwuil. Ilo cymectBy, opranndeckas C3 —
3TO Ta ke cucrema 3emuenenuss XIX Beka, peannzyemas Ha HOBOW TEXHOJIOTHYECKOH OCHOBe.
PykoBoASIIMM MPUHIIMIIOM OPTaHHYECKOTO 3eMIISIEIHS SIBIISIETCS MCIIOJIb30BaHNE MaTEpUaoOB
U TEXHOJIOTUH, KOTOpBIE CIIOCOOCTBYIOT SKOJIOTHYECKOMY OajlaHCy MPUPOIHBIX CUCTEM.
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IToupocOeperaromas C3

T

OueHra arposkonoruieckoro |  Moenk MIoNOpoNHE MOYEET |~ CucreMa yIpaeaeHHa
TIOTEHLIMAIA [TOYB | | TLIOTOPOIHEM ITOYBRI
Ceroobopot TexHONOrMM EBIPAN MBAHMNA Monmtopunr mmonopoa
EVIBETVD

PI/IcyHOK 2. DNEMEHTBI nquoc6eperan1uI/Ix CHUCTEM 3CMIJICACTINA

Xapakrepuctuka mnouBocOeperaommx C3. Ha puc. 3 mnpuBeneHbl OCHOBHBIC THIIBI
nouBocOeperaronux C3.

ITouBocBeperatomas C3

- | T

3oHANBHO- Opranu4eckan CnennaneHan No-till IIp o THEO3PO3HOH
aTaNTHP OEaHHAA Had
PeabHnuTaNHOHHE S PervnbpTHEANHOHHEE MenuopaTHEHEIE

Pucynok. 3. Tumsl mo4BocOEperammmx CUCTEM 3eMIICACIIHS

MenuoparuBapie C3 — 3TO CHUCTEMbl HPOM3BOJCTBA  CEIbXO3MPOAYKLHHM  Ha
MEJIMOPUPOBAaHHBIX 3eMisiX. K HHMM OTHOCSATCS OCYUIEHHbIE II0YBbl C OpPraHOI'€HHBIMU
(TophssHBIMU) U OpraHO-MHHEPAIbHBIMU FOPU30HTAMH, a TAK)KE PEryJISIPHO OpOIIaeMble 3eMIIH,
MOJIBJIEPHI U PUCOBBIE IJIAHTALIMH.

PeaOunurammonnsle C3 — 53TO CHCTEMBI INPOM3BOJCTBA  CEIbXO3MPOJIYKIMU Ha
JerpaiupoBaHHbIX MoYBax. DieMeHThl C3 pa3zpabaThIBaroTCs, HCXOAs U3 BUA JIeTpajallii I04YB
U OLIEHKM HX arpodKOJIOIMYECKOro noTeHuuana. i1 MCIoJIb30BaHUS 3arpsi3HEHHBIX I10YB
TSOKEJIBIMU  METaJIJIaMH, PAaJUOHYKIUAAMH, MECTULUIAMU,Ba)KHOE 3HAYCHHE, MMEET OlleHKa
OIACHOCTH MOTEHIMAIBHOTO 3arPsI3HEHUS CENbXO03MPOLYKIINH.

PexynbruBammonnsie C3 — 3TO CHCTEMBI TPOU3BOJICTBA  CEIBXO3MPOJIYKIIUU HA
PEeKYJIbTUBUPOBAHHBIX 3eMIIIX. OneMeHThl C3 pa3palOaThIBAaIOTCs, UCXOJs M3 CTPOCHUS U
CBOMCTB pEKYJIBTUBUPOBAHHBIX 3E€MENIb, OLIEHKM HX Aarpo’KOJIOTMYECKOTr0 TMOTEHIUala |
BO3MOXKHBIX OIPaHUYEHUHN AJIS CEJIbCKOXO035IHCTBEHHOI'O NCIIOJIBb30BaHUSI.

[TpotuBodposnonnsle C3 — 93TO CHCTEMBI TPOM3BOJACTBA  CEIBCKOXO3SIMICTBEHHON
MPOAYKIHMM Ha NIOYBAX CKJIOHOBBIX MO3UIUN C BBICOKON MOTCHIMAIBHOW OMACHOCTBIO PA3BUTHUSA
BOJIHOM 3po3uu. I HUX XapakTepHa KOHTypHasi 00paboTKa 1o4B MoJjiei, ceB000OpOTOB.

No-till (myneBas 00paboTka TMMOYBBI) — 3TO, MPEKAE BCEro, BHYTPCHHHH MPHHIUI
OpraHu3allii CHCTEMBbl 3emjelenus, Oasupyroleicss Ha HyneBoil o0paboTKe MOYBBL. ITO
TEXHOJIOTHSl 3eMJIeIeNNsl, NpU KOTOPOHl OTCYTCTBYeT Kakas-Tnbo o0paboTka MOYBBL, a
pacTuTeNnbHbIe OCTAaTKM B MAaKCHMaJbHOM KOJIMYECTBE OCTAIOTCS HA MOBEPXHOCTH MouBbl. Ha
craguu BHeapenus NO-till — aTo peabunurarrionHas cucTeMa BOCCTAHOBJIEHHS €CTECTBEHHOTO
MEXaHM3Ma IIJIOJOpPOAMsS TNOuYBbl. BMemaTenbcTBO B IOYBEHHBIE IPOLECCHI, CTPYKTYPY
OMOIIeHO3a W €ro €CTECTBEHHYIO Cpely OOWTaHWs MHUHUMaIbHO. boppba ¢ copHsikamu
OCYILECTBIISICTCS C UCIOJIb30BaHUEM TepOUIUIOB, (PYHKIUS KOTOPHIX CO BPEMEHEM MepEeXOaUT
Ha CEeBOOOOPOT C MOKPOBHBIMU (IPOMEXKYTOUYHBIMH) KYJIbTYPaMHU.
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3AKVIIOYEHUE

[Iporpeccupytomas aerpagaius Mo4YB CeIbX03yroAnuil B MUPE MOXKET MPUBECTH HE TOJIBKO
K JalbHEHIIeMy OOOCTpEHHI0 IpoOsieMbl AePUIMTa MPOAOBOILCTBUS, YXYIUICHUIO KauecTBa
MPOJIYKLIUA PACTEHUEBOJICTBA, HO U MOJOPBATH CaMy BO3MOXHOCTh MX peuieHus. Beixogom u3
9TOro SIBISETCS CMEHA TMapagurMbl 3eMiIellelus M IepexoJ Ha MouYBocOeperawime
arpoTEXHOJIOTUH.
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Abstract. It is established that the evolution direction of irrigated chernozems depends on the combined
effect of natural and anthropogenic factors on their natural properties and regimes. Irrigation creates the
conditions for a significant increase in land use productivity; however, it often becomes the cause of the
emergence and development of a number of degradation phenomena. A necessary condition for highly
efficient, environmentally safe use of irrigated lands is the general high level of crop cultivation,
management of the fertility of irrigated lands, improvement of their agroecological status and level use.

Key words: irrigation, irrigated soils, soil evolution, soil degradation.

BBEJAEHHME

Oxwupnaercs, uro k 2050 r. B CBSI3M C POCTOM HACEJIIGHHs MHpAa CIpPOC Ha
CeJIbCKOXO035HCTBEHHYIO MpoAyKLuto yBenuuutcst Ha 70% (PAO, 2015). Pactymuii cipoc 6yzaer
NOKPBIBATBCS 32  CYET  OpOIIAEMOro  3eMilefienusi,  MoBbIIeHUs  3ddexTuBHOCTH
BOJIONOJIb30BaHNUS, YBEJIUUCHUS YPOKAaHHOCTU U 00Jiee MHTEHCUBHOTO 3emiiesienus. M3mMenenue
KJIMMaTa YMHOXAaeT PHUCKH, CBS3aHHBIE CO CTHUXUHHBIMH OCICTBUSIMH, 32 CUET W3MEHEHHS
YPOBHSI OCaJKOB M TEMIIEPATypHOI'O pPEXHMMa, a TAKXKE 3a CUET MOBBILIEHUS YacTOThl U
WHTECHCUBHOCTH JSKCTPEMAJIbHBIX SBJIICHMM, TaKMX KakK 3acyXa W HABOJHEHMWs, YBEIMYMBAECT
HempeackasyeMocTh ypoxkaeB (MIDUK, 2014). Pa3zHooOpasue MNpupoOIHO-KIMMATHYECKHX
YCJIOBHM YKpauHbl, AEPUIIUAT MPUPOTHON BIAro0OECIICYCHHOCTH Ha 3HAYUTEILHON TEPPUTOPHH,
OTPaHUYEHHOCTh 3€MEJIbHBIX PECYPCOB, MPUTOIHBIX JIJISI OPTraHU3ALMK CEJIbCKOXO3SICTBEHHOTO
IIPOU3BOJCTBA C OJHOW CTOPOHBI, JOCTATOYHO Pa3BUTBIA WHIYCTPUAIBHBIA IOTEHIMAI
rocy/apcTBa, HaJIW4YUe KBAIM(DUIIMPOBAHHBIX TPYIOBBIX PECYpCOB - C JAPYroi, CO34ai0T
00BEKTHBHBIC S5KOHOMUYECKHE U TEXHUYECKHE MPEINOCHUTKN ISl CTAOMIIBHOTO U 3P PEKTHBHOTO
(YHKLIIMOHUPOBAHUS OpPOCUTENBHBIX Menuopanmii B YkpaumHe (Hayunbsle ocHoBbl, 2009).
ITo3TOMY aKTyalbHBIM SIBJISIETCS OIIPEAEIICHUE 3BOJIIOIUU OPOLIAEMBIX IOYB M, IIPEXKJIE BCETO,
YEepHO3eMOB, KOTOphIE MPeoOIalaloT B CTPYKTYpe MOYBEHHOIO MOKPOBAa OpPOIIAEMBIX 3€MEIb
(trabnuua 1) (Kommiekc, 2013).

Tabnuna 1. OporraeMbie MOUBbI Y KpauHbI

Ne i/ ITousa IInomans,
B HanmonanpHOM KiIaccuUKayuy B kmaccuduxamun WRB TBIC. Ta
1 JlepHOBO-T10/130JIUCThIE Albeluvisols Umbric 79
2 CBeTJI0-CephIC JICCHBIC Albeluvisols Umbric 40,2
3 TeMHO-cepbIe OMO/130JICHHBIE Phaeozems Albic 26,0
4 YepHOo3eMbl OT0/130JICHHBIS Chernozems Albic 50,0
5 YepHOo3eMbl THITHYHBIE Chernozems Chernic 230,0
6 YepHo3eMbl 00BIKHOBEHHbIE Chernozems Chernic 720,0
7 YepHO3eMBI IOJKHBIE Chernozems Chernic 566,0
8 YepHO3eMbl JIYTOBbIC Phaeozems Haplic 99,0
9 TeMHO-KaIlITaHOBBIE Kastanozems Haplic 384,6
10 | KamrraHoBbIe COJIOHIIEBATHIC Kastanozems Luvic 10,0
11 | JlyroBo-KamTaHOBbIE COJIOHIIEBATHIC Phaeozems Sodic 54,7
12 CoJ10HIIBI KallITAHOBLIE Solonetz Humic 55
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MATEPHUAJIBI 1 METO/bI

OObekTaMH MHOTOJIETHHX HWCCIIEIOBAaHUHN J1a00paTOpUU IJIOJOPOJAUS OPOIIAEMBIX U
COJIOHIIOBBIX MOYB OBLIM KaueCTBO OPOCHUTEIbHBIX BOJ M CBOWCTBA, MPOLECCHl U PEKUMBI B
OpOINaeMBbIX ¥ TMPWICTAIONIMX K HHUM TMOYBAaX PAa3JIUYHBIX HPUPOTHO-KIMMATUYECKUX 30H
VYkpaunsl (JIecoctens, CeBepHas, IOxnas u Cyxas Crernb).

MecTto TMpOBEACHUS HCCICIOBAHUNA - TIOJNEBBIE M MEIKOACISHOYHBIE IOJIEBBIC
CTallIOHAPHBIE ONBITHI, CTALIMOHAPHBIE TUIOUIAJIKK MOHUTOPUHIOBBIX HAOIIOJCHUM, MapUIPyThI
o0crneoBaHuM 3K0JI0r0-arpoMennopatuBHoro coctostHust (AMC) 3emenb MPOU3BOACTBEHHOTO
Ha3HA4YeHMs, paCMOJOKEHHble B Impenenax opocutenbHbix cucteM (OC) XapbKOBCKOM
(JIecoctens), [oueuxoit, Jlyranckoit (CeepHass Crenb), 3anopoxckod, Oecckou,
Huxomnaesckoii (FOxnas Crenb), Xepcorckoit (Cyxas Crenp) o0acTeil YKpauHsbl.

OOmieil  METOIOJIOTMYECKOM  OCHOBOM  HMCCIENOBAHUN  SBISIETCA  CTPYKTYPHO-
(GyHKIIMOHAJIBHBIA aHaIMu3, MPeayCMaTPUBAIOIIMKA CHCTEMHOE H3y4YeHHE YPOBHSI BHYTpPEHHEM
OpraHM3alyl IMOYB © IOYBEHHOI'O IIOKPOBA, XapakTepa WX (QYHKIHMOHUPOBAHUS,
pacrpocTpaHEHHs U SBOJIOIMH B 3aBUCUMOCTH OT JIAHIIA(QTHBIX YCIOBUH.

[TomeBble WCCIEAOBAHHUS MPOBOIWIM 1O MPHU3HAHHBIM METOJWKAM IPOBEIACHUS
ctanoHapHbIiX omnbIToB ([locmexoB, 1985) u mapuipyTHbIX oOcienoBaHuil (METOH KIIHOYei-
anasoroB), (Meroauka, 2004).

JlaGoparopHble  aHaNUTHUYECKHEe  pabOThl  BKIIOYAIM  OMNpENEJIeHHE  KadecTBa
OPOCHTEIILHOM BOJIbI, 00PA3IIOB MTOYBBI M PACTUTEIHHON MPOIYKIHH. [10 cTaHAapTU3NPOBAHHBIM
B YKpauHe METOJUKaM OMpeessiuii:B Boje — pH u coctaB BOJOpaCTBOPUMBIX COJICH; B MOYBAX
— COJIep>)KaHUE U COCTAB BOJOPACTBOPUMBIX COJICH, OOMEHHBIX KaTHOHOB, KapOOHATOB, 00IIIEe
collep’kaHHWE TyMmyca, COJAEp)KaHHE TOJABMKHBIX  (OpPM  HHUTATEIbHBIX  SJIEMEHTOB,
TPaHyJIOMETPUICCKUH, MHUKPO-arperaTHbI U CTPYKTYPHO-arperaTHbId COCTaB; B PACTUTEIILHBIX
o0pasiax — coJepKaHue MUTATEIbHBIX MAKPO- U MUKPOIJIEMEHTOB.

OOpaboTKy MaHHBIX CTAIIMOHAPHBIX OIMBITOB, PSKUMHBIX M MAPIIPYTHBIX HAOJIOICHUN
BBIMIOJHSUIM IO METOJaM MAaTeMaTUYeCKOW CTAaTUCTHKU M KOPPEJSAIHMOHHOTO aHajiu3a C
MCIIOJIb30BaHUEM CTAHJAPTHOTO MaKeTa MPOorpaMM C IMoMoIIs0 Moayiel Geostatistica 1Analist,
Spatial Analist, cpenst Arc GIS, Erdasimagine, Envi, GRASS wu 1apyrux CoOBpeMEHHBIX
CTATHCTUYECKUX U T€OCTATUCTHUECKUX KOMITBIOTEPHBIX TIPOTPaMM.

PE3YJIBTATBI U OBCYXJIEHHUE

O0600111eH1e MHOTOJIETHUX HAOMIOACHUN B Pa3IMYHbBIX MPUPOIHO-KIMMATUYECKUX 30HAX
YKpauHbI TO3BOJIMWIIO YCTAHOBUTH KaK OOIIME 3aKOHOMEPHOCTH, TaK U OCOOCHHOCTH IBOJIOLMH
MOYBEHHBIX MIPOIIECCOB U PEKUMOB B OPOIIAEMBIX TIOYBAX Y KPAaUHBI.

Boanblii pexxnM no4ysB npu opomeHum. Ha opomaeMbix 3emisix B aBTOMOP(HBIX
ycIoBUsAX (GOPMUPYETCS MEPUOANUECKH MPOMBIBHOM BOJHBIN pexuM. B ycnoBusx pa3imyHoro
ruipoMopdu3Ma BOJHbBIN pexkuM GOPMHUPYETCs 110 MPOMBIBHOMY THITY B XOJIOJIHBIN TIEPUOJ U IO
BBIIIOTHOMY - B TEILIBIH, COMPOBOKIAETCS KOJIEOAHUEM YPOBHS I'PYHTOBBIX BOJ. Pa3Has rimyOuHa
3aJeraHusl TPYHTOBBIX BOJ OOYCJIOBIMBAE€T HEPABHOMEPHOCTh YPOBHS YBIAKHEHHOCTH Ha
OpOLIaeMBIX MAaCCHBaX M IECTPOTY MTOCEBOB. [Ipu opomieHnn ¢ HU3KOM KyJIbTYpOU 3eMIIeIeIus U
HE/IOCTaTOYHBIX PECYPCHBIX BIOXKEHUSAX MOXKET HaOJII0AaThCs MOBBIIICHHE YPOBHEW 3ajieraHus
TPYHTOBBIX BOJ| Pa3JIMYHOIO XMMHU3Ma M, CBA3aHHOE C 3THM, Pa3BUTHE IIPOLIECCOB MOATOIICHUS
¥ BTOPUYHOTO (MPPUTALIMOHHOTO) TUAPOMOp(dH3Ma, CIEICTBUEM KOTOPOTO SIBISETCS Pa3BUTHE
IPOLIECCOB IJ1ee00Pa30BaHUs U CIUTU3ALUH.

Couaenoii PEKHUM. XapaKTep MNPOTCKAHUA COJICBBIX IIPOLCCCOB OHNPCACIACTCA B
OCHOBHOM HOHHO-COJICBBIM COCTAaBOM TIIOJMBHBLIX BOA W MCIHUOPATUBHBIM COCTOAHUEM
OpoHIacMbIX 3€MCIIb. ConeBoit PCKUM OpOIIaCMBIX II0YB B MHOT'OJIETHEH JUHAMHKE npu
YCI0BUHU AOCTATOYHOI'0 C€CTCCTBCHHOI'O WM HMCKYCCTBCHHOIO APCHUPOBAHHA OpPOHIAEMBIX
MaCCHUBOB, IIpU HCIIOJIIb30BAHHUU BOI I-ro u II-ro kmaccoB («HpHFOI[HBIX» U «OI'paHUYCHHO
TOOAHBIX)» COTJIaCHO HaHI/IOHaJ'II)HOI\/’I KHaCCH(i)I/IKaHI/II/I) COCTOHUT M3 T'OJOBBIX CE30HHO BO3BPATHBIX
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(TIOTHOCTBIO WJIM YACTHYHO) IHMKJIOB 0€3 HAKOIUICHUS COJIEH 10 YPOBHS KJIacCH(DUKAIIMOHHO
3HaYUMBIX u3MeHeHuil. [Ipu 5ToM opoleHue BBI3BIBAET 3aMETHYIO TpaHChHOpMAaIUIO
KaueCTBEHHOI'0 COCTaBa BOJOPACTBOPUMBIX COJICM B HaIpPaBICHUU CYKEHUSI COOTHOIICHUS
kanpiuss K Hatpuio (¢ 3-15 go 1-3 mpu wucnosb3oBaHuu npecHbx Box U k 0.4-1.0 -
MUHEPAIN30BaHHbBIX) 32 CUYET POCTA COJCPNKAHUSA HATPUS U CHIDKCHHS Kalblus. B ce3oHHOM
COJIEBOM PEXHME BO3MOXKHO MEPUOIMYECKH cllaboe 3aCoJIeHHE TOYB, 0COOCHHO MO COACPKAHUIO
xJop-uoHoB. Ha cnabo apeHHpOBaHHBIX, MOJTOIICHHBIX YYacTKaX C MHUHEPATU30BAHHBIMU
TPYHTOBBIMH W/WJU TIOJIMBHBIMU BOJAaMH, JIOKaJbHO (OPMUPYIOTCA (CE30HHO) BTOPUYHO
3aCOJICHHBIE MO4YBBL. [IpyM 3TOM MPOUCXOIUT TpaHcoOpMaIis KadeCTBEHHOTO COCTaBa COJeH
IIOYB B HAIIPABJICHUH BBIPABHUBAHUS €TI0 C COCTABOM OPOCUTENBHBIX U TPYHTOBBIX BOJ.

B ycioBusiX KameinbHOro OpOIICHHSI HCIOJb30BaHUS BOJ| BBICOKOI'O KayecTBa HeE
BBI3BIBAECT CYIIECTBEHHBIX M3MEHEHHUU COJIEBOTO PEKHUMA IOYBBI M OHHM HOCAT CE30HHO-
MyJIbCAIIMOHHBIA xapakTep. llpu ucnosib30BaHUM JUIsl KaledbHOTO OpOIICHHUs BOA 2 Kiacca
KayecTBa B YEPHO3EMax IOKHBIX M TEMHO-KalITAHOBBIX IOYBaX HAOMIOAAETCS pa3BUTHE
mpoliecca 3acojieHHs pa3HOW CTENEHW B IpelesiaX CIUIOMIHOW MOJIOCH! yBiaxkHeHus. [lomHoro
paccosiieHHsl B OCEHHE-3UMHUUM MEepUoj MPH TAKUX YCIOBHUSX HE HAONIONAETCS M MPOMCXOIUT
MOCTENEHHOE JIOKAJIbHOE HAKOIIJICHUE BOJIOPACTBOPUMBIX, M B YaCTHOCTH TOKCUYHBIX, COJICH.

OpolieHre TPUBOAUT K MOBBILIEHUIO COACP)KAHUS IOIVIONIEHHOTO HaTpus B
HECOJIOHIIEBATHIX TI0YBAaX, BBI3BIBASI MPOIECC HUX oOcoyoHIeBaHuss. CKOPOCTh W CTEIEHb
MPOSIBIICHUS 3TOTO MPOLECCa ONPENEAeTCsS KaYeCTBOM MOJIMBHBIX BOJI, UCXOJHBIMU CBOMCTBAMHU
MOYB W MEJIHUOPATUBHBIM COCTOSSHUEM OpolIaeMbiX 3eMenb. C  yCHICHMEM CTEeleHU
ruapoMopdu3Ma M aKTHUBU3ALUU COJIEBBIX MPOIECCOB HAOMIOAAeTCs JalbHEUIIUN poCT
COJIepKaHUsl TOTJIOMICHHOTO HaTpus, Oojiee 3ameTHbIH B mouBax Cremu, dem Jlecoctemw.
OpoliieHre MPUBOIUT K MOBBIMIEHUIO COJIEp KaHus moriomenHoro Hatpus ¢ 0,6-1,0 mo 1,5-2,0%
OT CyMMbI OOMEHHBIX KAaTHOHOB IIPH MCIIOJIb30BAHHUH TTOJIMBHBIX BOJA [-T0 Kilacca Mo OMmacHOCTH
HUPPUTrallMOHHOTO OCOJIOHLIEBaHUS MOYB U 10 3-10% mpu ncnoap3oBaHuu i noauBoB BoA Il u
IIT kiaccoB. KanbiueBsie MeTHOPaHTHI, 0COOCHHO TPYJIHO PACTBOPUMBIC, HE BIHSIIOT HA OOITYIO
HaIIPaBJIECHHOCTh IPOLIECCOB OCOJIOHUEBAHMS, HO HECKOJIBKO CHIEpPKUBAIOT HHTEHCUBHOCTH
npoiiecca U CTENEHb ero BhIpaKeHHOCTH. Ha COJIOHIIOBBIX MouBax ¢ HeriayOookum (40-50 cwm)
3ajeranveM KapOOHATOB albTEPHATHUBOM TUIICOBAHHUIO C TOUKH 3PEHUS YKOJIOT0-?KOHOMUYECKON
3 (PEKTUBHOCTH SABIISIETCS MEIMOPATHUBHAS IJIAHTAXKHAS BCIIAIIKA.

I'ymycHoe cocTosiHMe YepHO3eMOB NpH opoieHun. OpoleHre YepHO3eMOB IPUBOIAUT
K aKTUBU3AIUHM JEATEILHOCTH MHKPO(IOPHI, yBEIHMUYEHHE YHUCICHHOCTH MHKPOOPTaHH3MOB
OCHOBHBIX TaKCOHOMUYECKUX, TPO(MUYECKUX U (U3MOIOTHUECKUX TPYII. AKTUBHU3AIMS UX
KHU3HEIEATEIIFHOCTH OOYCIIOBIMBAET YCHJICHHE IPOLECCOB TpaHC(HOpMAIMH a30Ta, a TaKxke
MHUHEpaJIM3alUI0 OPraHNYeCKOro BEIECTBA, SABISETCS NMPEANOChUIKON K MOTepsIM MUHEPAIBLHOTO
azora B Tra3o00pa3HON (opMe U CHWXKEHUS OOIMX 3aracoB OPraHUYECKHX BEIIECTB.
Koadduimentsl rymudukanuy OpraHMYECKUX COEAMHEHUMN, MOCTYMAIIIUX B MOYBY B BUIE
HABO3a M PAaCTHTEIBHBIX OCTATKOB, B YCIOBHSX OPOIICHHS CHIIKAIOTCS, IO MpPEABAPUTEIHHBIM
IaHHBIM, Ha 15-25%.

['ymycHOE COCTOSIHME OpOIIAEMBIX TTOYB OMpEAEIAeTCs, TIaBHBIM 00pa3oM, CTPYKTYPOi
MOCEBHBIX TUIOIIAJEH, YIEIbHBIM BECOM MHOTOJETHHX OOOOBBIX TPaB M YPOBHEM NMPUMEHEHHS
oprannyeckux ynoopenuii. besnedurutaeiii 6ananc rymyca ¢opMHUpyeTCcsi B CE€BOOOOPOTaX C
MHOTOJIETHUMHU 0000BBIMU TpaBamu (6omee 21-25%) u mo3amu HaBo3a 8-9 T/ra B uepHO3eMax
cnaborymycupoBanHbIXx (MeHee 3,7% rymyca) m 9-10 1/ra B mamorymycHbIX (3-6% rymyca)
yepHo3eMax. [Ipu MCHONb30BaHWUU M7l OPOILIEHHS MHUHEPAIM30BAHHBIX BOJ Oe3AePUITUTHBIN
OanmaHc Tymyca JOCTHTaeTCs B CEBOOOOPOTaX C JIFOIEPHON M J103aMH OPTaHUYECKUX yI00peHUH
12-15 1/ra. B ceBooGopoTax 6e3 MHOrojeTHUX O0OOBBIX TPaB MMEET MECTO MOCTENEHHOE, OT
pOTaIyK K pOTAaIliK, YMEHBIICHUE COJEPKAaHUS rymyca oT 3-5% B IMOJIEBBIX CEBOOOOPOTAxX JI0
11-23% B OBOIIHBIX.
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HN3menenune comep:xxanus a3ora, ¢ochopa W Kaausg B OpoHIaeMbIX TMOYBAX.
Conepkanre BaJIOBBIX (hopMm ¢ocdopa M Kaiaus MpU OPOIICHUH NMPAKTUYECKH HE MEHSACTCS, a
MOJIBIKHBIX (DOPM - MOBBINIAETCSI, OCOOCHHO B BapuaHTaX OIBITOB C BHECCHUEM YAOOpeHUH U
XUMHUYECKHX MEJIMOpaHToB TuNa ¢ocdorumnca. [Ipu 3Tom cTeneHb 00eCIeueHHOCTH OPOIIAeMbIX
YepHO3EMHBIX TIOYB MOJBIKHBIMH (PochopoM U KaauemM B YCIOBHUSX CHCTEMATHYECKOTO
MPUMEHEHUs YAOOpPEHUH KOJIeOJeTCS OT MOBBIMIEHHOIO M BBICOKOTO JI0 OY€Hb BBICOKOTO.
CojnepkaHue BajJOBOrO a30Ta MPU OPOIICHUM HE MEHSAETCS WIM YMEHBIIAETCS, YTO CBS3aHO,
IJIaBHBIM 00pa3oM, C TMOBeAeHHEM Tymyca B mouBax. OJHOBPEMEHHO C YMEHBIICHUEM
COJIepXaHUs BAJIOBOTO a30Ta U TyMyca YMEHbIIIAETCS COAEPKaHNE JIETKOTUIPOJIU3yEeMOro a30Ta.

CreneHb BBIPAXEHHOCTH MHTPAIMOHHOM CIIOCOOHOCTH HUTPATOB TMPOSBISACTCS B
3aBUCHUMOCTH OT TPaHyJIOMETPUUECKOTO COCTaBa, BHIPAIIMBAEMOM KYJIbTYPhI, YPOBHS I'PYHTOBBIX
BOJ W Jp. BeIMbIBaHWE HUTPATOB HAOMIOMAETCsA 10 TIyOuMHBI 4-5 M. B HamOosnbmied creneHu
MUTpALMsl HUTPATOB OTMEUEHANpH OJIM3KOM YpPOBHE 3ajJeraHusi TPYHTOBBIX BOJ, TJ€ HUMEET
MECTO MX 3arpsi3HCHHE NP WHOUIBTPAIMU M IOJIUTKA MOYBEHHOTO MPO(UIIS a30TOM MpHU
KaMUIIPHOM MObEME BOJBI U3 TPYHTOBBIX BOJI.

HN3menenune arpodgu3nyecKkux CBOMCTB YePHO3eMOB 10/ BJUsiHHMEM opoiueHus. [lox
BJIMAHUCM OPOIICHHA arpocpmnqecmae CBOICTBa YCPHO3CMHBIX ITOYB MCIIBITBIBAIOT 3aMCTHBLIC
U3MEHEHHUS, KOTOpble TMPOSBISAIOTCS B OOCCCTPYKTYpUBAHUU MAXOTHOTO CJOS, POCTE
I[JIBIOUCTOCTA M CHIDKEHHUU COACPpIKaHNA arpOHOMUYCCKH LECHHBIX arperaroB; YIINIOTHCHUU
npoduns, CHIKEHHH TOPUCTOCTH U  BojompoHunaemoctd. Ilpu sTomM  ycunuBaetcs
Qg depeHmanys MaxoTHOTO CIIOS IO MJIOTHOCTH CTPOCHUS U MMOPUCTOCTH, BETHYMHBI KOTOPBIX
MOTYT TPEBBINIATH ONTUMAJbHBIE MapaMeTpbl U KpuTudeckue ypoBHH. Hambonee cuiibHbBIE U
yCTOfI‘IPIBBIC ACrpadallMOHHBIC U3MCHCHUS an0(1)I/ISI/I‘-I€CKI/IX CBOI>'ICTB, KaK B CE30HHOM, TaK U B
MHOTOJIETHEM pPEKMMax HaOJIIOJAIOTCS B YEPHO3EMHBIX MOYBAaX B YCIOBHSIX OTPULIATEIHHOTO
Oamanca rymyca W Kamplusa. HammeHbplnmme wW3MeHEHHsS arpo(M3MYEeCKHX CBOMCTB TOYB
OTMEUYEHBI B YE€pPHO3EMaX, KOTOPbIE OpoIIaroTcs Bojoi | kilacca xkauecTBa M MMEIOT BBICOKHUI
KaJbIIMEBbIM TOTeHmHan. B ycmoBusax Oe3geduuuTHOro OamaHca TymMyca H Kalblusi H
NPUMEHEHUS BOJOCOEPEraloniero peXuMa OpOIIECHUS BO3MOXKHO TMOAJEpPKaHHE HUX Ha
OITUMAJIbHOM YpOBHE.

IIpeoOpa3zoBanne MHHEPAJIBbHOH KOMIIOHEHTbI YEpPHO3¢MOB IIPH OPOLUCHHH.
CpaBHeHUE BaJOBOIO XMMHYECKOTO COCTaBa OPOIIAEMBIX U HEOPOIIAEMBIX MOYB HE MPOSBIISET
CYLIECTBEHHBIX pAa3JIMUUil MEXIy HMMHU. B TO ke BpeMs IO BIMSIHHEM OpPOLICHHS B
YEepHO3EMHBIX MOYBax HaOIrogaercs 3HaunTenpHoe (B 1,5-2,0 pa3za B uepHO3eMax MOJAJIBHBIX U
B 2,5-3,0 pa3a B uepHO3eMax IN1yOOKOKapOOHATHUX W/WUJIM MCIOJIB30BaHUU AJis opoiieHus Bof 11
- III kmaccoB KkadecTBa) TIOBBIIEHUE COACpPKaHUA aMOpPPHOTO KpEeMHE3eMa, UTO
CBHUJIETEJILCTBYET 00 YCWJICHMM THIPOQMIBHOCTH KojulonnoB. Hakomnenue amopdHoro
KpeMHe3eMa IPOUCXOJUT BCIEACTBHE MOCTYIJICHUS €r0 C MOJIMBHOW BOJOW, C PACTUTENBHBIMU
OCTaTKaMM M Ipoliecca TMAPOJIN3a aTIOMOCHINKATOB. YBEINUEHUE COLEPKAHUSA B OPOIIAEMBIX
MOYBaX AaMOP(QHOro KpPEeMHHUS M 3HAUUTENbHAas MUTpAlUs €ro BOJOPACTBOPUMBIX (HopM
CBUJIETEJICTBYIOT O TOM, YTO THAPO(PUIbHBIE KPEMHUEBBIE COEAUHEHHUSI MOTYT OBITh OJJHON M3
INPUYMH yXYyJIIIEHUs arpopU3n4ecKrX CBOMCTB OpPOIIAEMbIX IIOYB, IEMEHTAIIMM MUKPOArperaToB
U SIBJICHUS CITUTU3ALINH.

W3MmeHeHHs TIpaHyJOMETPUYECKOTO W  MHUKpPOArperaTHOro C€ocTaBa YE€pHO3EMOB
BCJIEJICTBHE OpOIIEHHs HAIpaBlieHbl B CTOPOHY HEKOTOPOrO HUX YTsDKENeHus (Mo cpokam
oporieHust 6onee 15-20 ner) 3a cyet 6oabIIeTO BhIX01a (Ppakiuii naa u Meakoi e, [Ipomece
BHYTPUIIOUBEHHOI'O BBIBETPUBAHMS OIpPEIENseTCs, IVIaBHBIM 00pa3oM, CPOKOM OpOIICHUS M
3aKJIIOYAeTCsl B pa3pylleHUH (BBIBETPUBAHUHU) WIM JI€3MHTErpaluu 0ojiee KPYMHBIX YaCTHI]
NEPBUYHBIX MHHEpPAJIOB JO pa3MEpoB YacTUI] MeJKoW mbeu u wia. IIpeoOpasoBanue
MUHEPATBHOM KOMITOHEHTHI OpPOIIAEMBIX IIOYB, KaK IPaBWIIO, SIBISIIOTCS HEOOpaTUMBIMU U
TPYAHOYIPABIISIEMBIMH.
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Jpo3uss HAa opomaeMbIx 3eMusax. Bo Bpems HccienoBaHus — HalpaBlICHUS
9BOJIIOLMOHHBIX M3MEHEHMH IOYB II0J] BIMSHUEM OpOLICHMs ClEAyeT 00s3aTeabHO
paccMaTpuBaTh MPOLECCH] IUBHEBOM 3PO3UM IIPU CHETOTASIHUM U IOJMBAaX. JTO CBSI3aHO C TEM,
YTO IPU NOJMBE JOKIEBAHUEM BO3HMKACT CTOK BCIEACTBHE HECOOTBETCTBHUS DHEPIreTUYECKHUX
XapaKTEepUCTUK OIS HWHTEHCUBHOCTH BIIUTHIBAIOIIEH crocoOHocTH 1ouB. CyMMapHbIi
IIOBEPXHOCTHBIM CMBIB IIOYBBI MOJKET 3HAYMTEIBHO IPEBBIIATh JOIYCTUMBIE €r0 IPEIebl,
nocruras BenuduHbl 10-30 T/ra B TOJA, 4TO HE TOJNBKO CHMXKACT IUIOAOPOIUE IOYB, HO U
MHTEHCU(ULMPYET 3arpsi3HEHUs] OKpY’Karolled Cpelbl MOBEPXHOCTHBIM CTOKOM. DPO3HOHHbBIE
IIPOLIECCHI MOTYT BO3HHMKATh TAK)KE IIPU pa3pblBe TPYOOIIPOBOOB, HEUCIIPABHOCTEN THPAHTOB U
1O APYTUM IIPUYUHAM, YTO IPUBOJUT K COpOCY OOJIBIIOT0 KOJIUYECTBA BOJIBL.

XOTs Imo4Ba CUMTAETCA JOCTATOYHO KOHCEPBATUBHOM ECTECTBEHHOM CHUCTEMOM, IO
BIMSHUEM OpOILIEHUS B IIOYBAaX Mbl BBIACISAEM TPH OCHOBHBIX HAIIPaBJICHHS JBOJIIOLMOHHOTO
pa3BUTHUSA:

1. Ilpu wncnosp3oBaHMM A OpowleHus BoX [-ro kimacca 1O arpOHOMHYECKMM U
HKOJIOTHYECKUM KPUTEPHSM, B HPPUTALMOHHO aBTOMOP(HBIX YCIOBHSX, IIPU BBICOKOW KYJIbTYpe
3eMIIEEIUs, U3MEHEHHs MOTYT IPOSBIATHCS B HE3HAUYMUTENBHOM YXYIIIEHHMH HEKOTOPBIX
arpo(u3uyYecKux napaMeTpoB (YIUIOTHEHHE MaXOTHOTO CIOS, YXYAIIEHHE MAaKpOCTPYKTYpHI) U
yMmeHblIieHnn cooTHomeHuss Ca:Na B MOYBEHHOM pacTBOpe M, KakK CIEJCTBHE, YBEIMYCHHUU
COJIep)KaHUsl KaTMOHAa HATpus B IIOYBEHHOM IIOIJIOLIAIOLIEM KOMIUIEKCE. OTH HM3MEHEHUS
KJIacCU(UKALMOHHO HECYILECTBEHHbI U HE OKa3bIBAalOT HETaTHBHOI'O BIMSHUS Ha IUIOJOPOJHE
[IOYB, IOCKOJbKY OJslarojjapsi BBICOKOH KyJbType 3€MIIEJENHsI OJHOBPEMEHHO IPOUCXOJAT
U3MEHEHHs IIOYBEHHBIX CBOMCTB, OJIarONpPUATHBIE Ui BBIPAIIMBAEMBIX KYyJbTYp; OOMIMI
YPOBEHb IUIOAOPOAMS SIBISIETCS JTOCTATOYHBIM JUIS IIOJYYEHUs 3aIUIAHUPOBAHHBIX YpPOXKAacB
CEJIbCKOXO35MCTBEHHBIX KYJIBTYP.

2. Kak u B mpenpiymiemM BapuaHTe, sl OPOLICHHS HCIIONIb3YIOTCS BOJBI [-ro Kitacca, HO
Opd 3TOM HMMEeT MECTO JJIMTEeNbHOE HapylleHHe arpoTeXHUYeCKUX TpeOoBaHMM K
BBIPAIIMBAHUIO  CEJIbCKOXO3SIMCTBEHHBIX  KYJIbTYp, @ MMEHHO: HECBOEBPEMEHHas U
HEKauyeCTBeHHass 0O0paboTKa IOYBBI, HECOONIOJIEHHE TEXHOJOTMH yXola 3a pacTeHHsIMH,
HapylICHWE IOJUBHBIX PEKUMOB (HECBOEBPEMEHHbBIE IIOJIMBBI, 3aHUKEHBl OPOCUTEIbHBIC
HOPMBI), HEIOCTATOYHOE BHECEHNWE MMHEPAJIbHBIX U OPraHUYECKUX YI0OpEeHMH WM MOJIHOE MX
OTCYTCTBHE, HapylIEHUE CEBOOOOPOTOB (B YAaCTHOCTH, OTKA3 OT BBIPAIIMBAHMSI MHOTOJETHHUX
60060BbIX TpaB). [Ipy Takux ycioBUSX K HETaTMBHBIM IpolieccaM, YIIOMSHYTBIX B MpeAbLAyILEM
MyHKTE, n1o0aBisieTcs: 0osee BhIpaKEHHOE YXY/IIEHHE arpou3NYecKuX CBOWCTB (YIJIOTHEHUE,
o0eccTpyKTypuBaHHe, KOpPKOOOpa3oBaHUE), AeryMUUKAIUs U 0OeJHEHHE KOPHEOOMTAaeMOro
CJIOSl MUTATENbHBIMU MaKpO- U MUKpPO3JIEMEHTHI. [IpOAyKTUBHOCTh TakuxX IMOYB CYIIECTBEHHO
CHM)KAETCS IO CPAaBHEHUIO C IOYBAMHU IIEPBOM IPYMIBI, HO OCTAETCS BBIIIE IO CPAaBHEHUIO C
HEOpOIIaeMbIMU [TOUYBAMH, T'/I€ TPUMEHSETCS aHAIIOTMYHAs arpOTEXHUKA.

3. [1nsg opolieHus UCHOIAB3YIOTCS BOJIBI 2-T0 U 3-TO KJIaccoB (OTpaHHMYEHHO MPUTOIHBIC U
HETMIPUTOJIHBIE TI0 arpOHOMHYECKUM U HSKOJIOTMUECKHUM KPUTEPHUSM) W/WIA HMEIOT MECTO
ruApoMopdHBIEC YCIOBUS MpU OIU3KOM 3aJIeTaHUH MUHEPATN30BaHHBIX TPYHTOBBIX BOJ. B aTOM
Cy4yae pa3BHBACTCS LEIBIM psAl MOYBEHHO-JIETPAJAMOHHBIX IPOIECCOB (3aCOJICHHE,
OCOJIOHIIEBAaHUE, OllleJlauMBaHUe, YXYAIIeHHe arpou3M4ecKux CBOWCTB, JOUCIEpramus,
neryMuukanys, oOeqHCHUE MHUTATSIIbHBIMUA DJIEMEHTaMH W T.J.) CHadajga B CiIaboil, a mpu
JUTUTEIIbHOM OpOIIEHHWH - B CpeaHedl U cuibHOM cremeHax. Ilpu Takux ycnoBHsIX
JIeTpajalldiOHHbIE W3MEHEHHUS HAKaIUTMBAIOTCS B TOYBEHHOM TMpoduiae U 00YCIOBIMBAIOT
HEBO3MOKHOCTh TOJHOTO BOCIPOM3BOJICTBA PECYPCOB MOUYBEHHOTO IJIOAOPOIHUS, MPUBOIAT K
MIPOTPECCUPYIOMIEMY CHUKEHHUIO YPOKAWHOCTH.
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BbIBO/bI

B pe3ynprare MHOTOJIETHHX HCCJIEIOBAaHUI OBUIO YCTAaHOBJEHO, YTO OpPOLICHUE
BBI3bIBACT 3HAYMUTEIbHBIE WM3MEHEHHMS BOJHOIO PEKHMMa M CBA3aHHBIX C HHUM COJIEBOTO,
BO3YIIHOTO, OMOJOTMYECKOT0, OKHCIUTEIHHO-BOCCTAHOBUTEIBHOIO W JPYTUX PEXKUMOB, a
TaKXKe CIIOCOOHOCTM K MUIpAallMM IOJABMXKHBIX KOMIIOHEHTOB, M3MEHSAIOTCA YCIOBUS
(YHKIMOHUPOBAHUS BCEX COCTABISIONIMX IPUPOJHOM Cpelabpl, B TOM YHCIE HPOUCXOISAT
W3MEHEHUS B HAIpPAaBIECHHOCTH M CKOPOCTH IIOYBEHHBIX IIPOLECCOB. PesympraThl 3THX
U3MEHEHMH 3aBUCAT OT KadyecTBa W OOBEMOB IOJIaYM HA OpOILIAEMbIe MOJS IMOJMBHBIX BOJ,
KIIMMaTHYECKUX M THIPOr€OJOrMYECKUX YCIOBHH PErMOHOB Pa3BUTHs OPOILIEHUS, MCXOIHBIX
CBOMCTB MOYB, TEXHUKH U TEXHOJIOTUH OPOIIEHHUS, OOLIEH KyJIbTYpbl 3€MJIEAETUS U T.A. U MOTYT
UMETh KaK IIOJIOKUTENbHBIA  (yJIydlleHHe BJIArooOECeYeHHOCTH, Oe3aeUUMTHBIA U
MOJIOKHUTEbHBIN OanaHc Tymyca, MAaKpO3JEMEHTOB, IOBBIIICHUE IUIOJOPOIUs), TaK U
OTPULATENIBHBIN XapakTep. BrIIeneHo Tpy OCHOBHBIX HAIIPaBJICHHs 3BOJIOLUU YEPHO3EMOB IPU
OpOLICHUMU.
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OCOBEHHOCTHU YEPHO3EMOB HA INVIOTHBIX IOPOJAX

Ouasbra BE3YI'JIOBA, Cepreii 'OPBOB, IOpuii JUTBUHOB
HOxHbIN (henepanbHBIA YHUBEpCUTET, AKaeMusi OMOJIOTHH U OMOTEXHOJIOTHH HM.
J.11.UBanoBckoro, [Ipocnekt Crauku 194/1, PocroB-Ha-/lony, Poccus, 194090,
e-mail: lola314@mail.ru

Abstract. The article presents study results of the morphological, physical and chemical properties of
chernozems on dense rocks. The research was conducted on the virgin soils of protected areas in the
north-west of the Rostov region. Geomorphologically, this territory represents spurs of the Donetsk
Ridge, which predetermines the release of dense rocks to the surface. It has been established that
morphological, physical and chemical properties of chernozems on dense rocks emphasize their
originality and uniqueness, and at the same time clearly indicate their typical classification as
chernozem.

Key words: chernozem, limestone, shale, humus, profile morphology.

BBEJIEHHME

Hcropus HaydHOTO MTOYBOBECHUS OepeT cBoe Havyano B 1883 roxy ¢ dyHnameHTampHOM
pabotel B.B.JlokyuaeBa «Pycckuii uepHozem». Mcxoast U3 3TOro, MOXHO CZeiIaTh BBIBOJ, YTO
UMEHHO C HM3y4YCHHs YEpHO3eMa HaJyajoCh IMOYBOBEICHHE KaK HayKa. TepMHH «4epHO3EM)
nossuics 1o JlokydaeBa, ero BnepBble B TpakTare «O ciosix 3eMHbIX» (1763) npumennn M.B.
JIoMOHOCOB, TIOHMMasi TOJ HHUM TMeperHod, Trymyc. OIHaKO B TOM 3HAYEHUH, KOTOPOE
BKJIQ/IBIBAIOT B 3TO IMOHSATHE HAIIM COBPEMEHHMKH, 3TO CJIOBO YTBEPAMJIOCH OKOHYATEIbHO
TosibKO B Tpyaax B.B. [lokyuaeBa, xorga B 1879 romy B 0HO# U3 CBOMX pabOT OH Jiaj MepBoOe
Hay4YHOE OMNMCAaHUE 3TON MOYBBI.

Bxiag JlokydaeBa B MCTOPUIO U3yYSHHS YEpHO3EMa TPYIHO MEPEOoneHUTh. DaKkTHUECKU
Ha IIpUMepe MMEHHO YepHO3eMa pa3pabaThiBajioch yueHue o (hakropax MOYBOOOpa3oBaHUS, U
MOCTYJIMPOBATINCh BCE OCHOBHBIC 3aKOHBI MOYBOBEACHHSA. VIMEHHO dYepHO3eM OBbLI IMEpPBBHIM
IOYBEHHBIM THUIIOM, KOTOpbIM JlokyuyaeB n CubupreB paszjenwin Ha psij MOATUIOB, U Jaiee
TQGepeHIMPOBATIN HX 110 TPAHYJIOMETPHYECKOMY COCTaBY M HEKOTOPBIM JIPYTHM IPH3HAKAM.
OTU TaKCOHOMMYECKHE BBIAEIBl HAlUIM KapTorpaduyeckoe OTOOpaKeHHE Ha JIOKY4aeBCKOM
KapTe MOYBEHHBIX 30H CEBEPHOTO TOIYIIApHs, MOJATOTOBICHHON MM K [lapmKckol BhICTaBKE
(1900). B nacrosiiee BpeMsi 3TO OJUH U3 HauOojee MOJHO M3YYEHHBIX THUIIOB IOYB, OJHAKO B
Pa3HBIX HAMOHAIBHBIX MIKOJAaX MMEIOTCS PAa3IMYHbIC TOUKU 3PEHHS Jake Ha TaKOH, Ka3aloch
Obl, MPOCTON MPU3HAK, KaK CTpoeHHE NMpodumiis dyepHo3ema. Tak, B poCCHIICKOM MOYBOBEICHUU
YepHO3EMbl — O3TO TIOYBBI, MPEUMYIIECTBEHHO, C TOJHOPA3BUTHIM NpPOQHIEM, C HaTHIHEM
HEPeXOoAHOT0 M0 TyMYCy FOpH30HTa B, 1 KOTOpOro XapakTepHO HAKOIUIEHWE TJIMHBI 3a CUeT
NPOIIECCOB OTJIMHUBAHHS M BTOPHYHBIX KapOOHATOB 3a CUET MPOIECCOB WILTIOBUUPOBAHHS H
MUTpalyd. BOJBIIMHCTBO €BPONMENHCKUX HALMOHAIBHBIX HAayYHBIX IIKOJ paccCMaTpUBAIOT
YepHO3eMbl Kak MouBbl, uMmewomue npopuns A-C, rage A - 3TO MOIIHBII OpPraHOTreHHBIH
ropu3oHT (Krasilnikov et al, 2018).

OcoOblif HHTEpeC MPEACTaBISAIOT YEPHO3EMBI, Pa3BUBAIOIIMECS Ha IUIOTHBIX Mopojax. B
CHITy ONPEETICHHBIX U BECbMa HEOJaronpusATHBIX /Ul TOYBOOOPA30BaHUS CBOMCTB TaKUX MOPOJT
(YCTOMUMBOCTh K BBIBETPHBAHUIO, OAHOCTOPOHHUN XHMHUYECKHH COCTaB M JP.) MOYBBI UMEIOT
Henslii psn ocobeHHocteil. B Toke BpeMs paboT, MOCBALICHHBIX MX H3ydeHHI0, Mayio. B
HammonansHom atnace Poccun (AnexcanapoBckuih u ap., 2000) yepHo3zemMaM Ha IJIOTHBIX
[opoJax BHHMaHHs HE YAEJICHO COBCEM, YIOMHHAETCS TOJBKO, uTO «MaTepuHCKHUE MOPOJIbI
YepHO3EMOB TIPENICTABICHBI DPBIXJIBIMU JIECCOBUIHBIMHA OTJIOXKCHUSIMH W JIECCAMH, OIHAKO
4epHO3EMBI BCTpPEYAIOTCSI M Ha JepUBaTax IUIOTHBIX IOPOA». 3/eCh K€ YTOYHSETCS, YTO
«DOpMHUPOBAHNIO YEPHO3EMOB  CIOCOOCTBYIOT — TOBBIIICHHAsr MOPUCTOCTH W MHKPO-
arperupoBaHHOCTb MOPOJ, HMX XOpoulas BOJONPOHUIIAEMOCTb M BBICOKAas MOTJIOTHTENbHAS
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crocoOHOCThY». Bee 3TH kauecTBa He XapaKTEpHbI JJS IUIOTHBIX MOPOJ, TEM HE MEHee, Ipu
3HAKOMCTBEC MOP(OIOrHUECKUMH U (PU3NKO-XUMHUECKUMH CBOMCTBaMU 3TUX [TOYB, COMHEHHUS B
TOM, 4TO 3TO YEPHO3EMBI, HE BOSHUKAET.

MATEPHUAJIBI 1 METO/1bI

YepHOo3eMbl Ha IUIOTHBIX IOpOJaX BCTpEYalOTCs Ha 3amane PocToBckoit oOnacTv B
npenenax JoHEIKOro Kpsika, 3aHUMasi JOBOJIBHO KOMIIAKTHBIM MacCUBOM MpUMEpHO 50 ThICSY
ra, yto cocrtapisieT 0,49% ot obmeit miommanu PoctoBckoit o6mactu (pucyHok 1).

\
' 1=OHRAOBEAHNE YEPHOSENS, CYtnAN T={Onie. sepiosens, nepeiope ¢
N ot seagma vy TEMNOKALITEHOBBIN  TRNEAOCYIR:

HHcriie
2=HORibie YEPHOSEMBL TSRENO CYERHIH: - -Tewsorauranonsie - mmea0cyrakmN:
\ (e
/ Crbie Ha wenro-Gypuix H Hakpac [\
fio-Gypuit ramway
X werreee| O=KAWrAHOBME TAMENOCYMIHHHCIE B
PANNY
N\ FHonme sprosens . HOAPEIPAE Lt owmneee ¢ conmuam K reno
\ TMAHAX H CYrHHKAX VY BETHHNH
2 =y l0=Coemmonaunanons. atmo cjrae
=10’ vepHosewsl Ka nAOrHX R0 l'.',‘I‘” ! CTBe B KONMEKCE ¢ CONOHLANH
PORAX; PasHoro Mex, cocrasd L 1 TENHOUBETHBIMK
11=Tyrossie, nonybonotse - annioke
5=CaneponDRASONCRHE YEPHONENH, CAO- . anbibie novsu saiaua o,
GoxapGonarabie, 1AKEA0CYT M © HCTHVNO CONOHNBHOBRTHE H CO°
e TONLEBATHE, COROHSRH, CONOH:
. Wbt W CONOBH
=3anagornpeakaBRaschie eposens 1 TTlouabl necuansix NACCHSOB: ROMIAHKE
\\H TOROIOCYTIHHHCTHE y YEPHOIENB EPHOIEHOBHHME
1-Otumosennute woprosems, crm (NN O Hemmormmaronin wessar: © YaHbE NOYBH, CEPONECKH" H He:
g oo - ol g
777 o ame. R T
T o
e S eyt Y e TR T
; - 10—CaeTnoRamranonme aerko _cyrmk-
4—IOmnbie” YEPHOSEML HA MNOTHBIX NO- k CrMe B KOMDZEKCE C CONOMUAMM
POAAX, PAIHOIO MEX. COCTaBd R L H TEMHOUBETHLIMH o
oo oo [ ] T Pucynok 1. I[louBeHnnas kapra PocToBckoii obsacTu ¢
T iy, S, casck BBIJICJIEHHBIM KOHTYPOM PETHOHA PacIIpOCTPaHEHHS
L e S Y e YePHO3eMOB Ha IUIOTHBIX TIOPOJIaX

OCHOBHbBIE TUIONIAIM UX HAXOAATCS B MOA30HE YEPHO3EMOB IOXKHBIX, XOTS BCTPEUYAIOTCS
9TH TOYBHI U CPeIH YepHO3eMOB 00bIKHOBEHHBIX (besyrioBa, XeipxeipoBa, 2008). B mpeaemnax
9TOr0 PEeruoHa HaXOIMTCS HECKOJIBKO 0CO00 OXpaHSIEMbIX HMPUPOAHBIX TEPPUTOPHUM, U JETOM
2018 roma 3mech paborana SKcmeaunus Kadeapbl TOYBOBEICHHUS M OICHKHA 3€MEIbHBIX
pecypcoB, MLEIbI0 KOTOpPOH OBIJIO M3ydYeHHE KPacHOKHM)KHBIX MMOuB PocToBckoil oGmactu.
[lpuHrMass BO BHUMaHHWE OYEHb OTPAHWYCHHBIA apeal paclpoCTPAaHEHHs OTHUX II0YB,
€CTECTBEHHO TO BHMMaHUeE, KOTOpoe UM OBbIIO YAEIEHO BO BpeMs paboTsl 3Toi skcnenuuu. Ha
MJIOTHBIX MOPOJIaX OBLIO 3AJI0KEHO B OOIIEH CIOXKHOCTH 7 pa3pe3oB.

B naGopaTopHbIX yCIOBHSIX U3 OTOOpPaHHBIX MO MPO(UII0 00pa3oB ObUTH OMpeAeIeHbI:
o0beMHasi mMacca MOYBEHHBIX FOPU3OHTOB (OYpOBBIM METOJIOM), TPAHYJIOMETPUUYECKUN COCTaB
noyB (nmunerouyHslt Metoa Kaumuckoro B moaudukanmu [lonrosa-JInumanoBoil), conepxanue
opranuueckoro yriepojga (mo weroxny Tropuna B wmogudukauuu Oprosa-I'punnens),
conepxkanue kapoonatos (1o IlleiiGnepy).
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PE3YJIbTATBI U OBCYKJIEHUE

Mopdomnoruueckue O0COOEHHOCTH H3YYEHHBIX YEPHO3EMOB XOPOIIO BHIHBI Ha
dororpadusax npodunert (PucyHok 2, 3). OHu 00ycCHOBIEHBI, MPEXKAE BCEro, XapaKTepoM
NOYBOOOpa3yomel W MOJACTUJIAIOIIEH MOpOoJbl, €€ XHMHUYECKMM COCTaBOM, a TakKke
MOJIO’KEHHUEM TOYBHI 10 penbedy. Pa3zpessl 3akmaapiBanuch Kak Ha poBHbIX miato (1809, 1810,
1813, 1817), Tak u Ha momorux ckioHax (1806, 1808, 1812), Ha Oonee KpyTHIX CKJIOHAX
BCKPBIBAJIMCH JTUTO3eMbl. [louBo0OpasyromumMu nopojamMu Ui 3TUX MOYB CIYXKUT HEOOJbIION
MOITHOCTH CJIOM 3JIOBHS IUIOTHBIX MOPOJ, MOJ KOTOPBIM 3aJIETal0T HE BBIBETPUBIIHECS
MOHOJIMTHBIE IUTUTHI U3BECTHSAKA, CIAHIIEB, MEpreseil, Mena, NecuaHuKa.

[TonoxkeHne MOYBBHI HA CKIOHE MOXXET IPHBE3TH K IEPEKPBITUIO €€ OMNOJ3HEM U
MPEpPBIBAaHUIO TTOYBOOOPA30BaTENbHOIO Mpouecca. OQHAKO B TOJMIIE, MPUHECEHHONW OMOJ3HEM,
NOYBOOOpa30BaHWE HAYMHACTCS BHOBb, B HTOre (HOPMHUPYETCS ABYWICHHBIH MNpopmib ¢
norpebenHoil mouBoil. Ilpumepom Takoro mpoduins mMoxer ciyxutb paspe3 1806, rae Ha
rryoune 50 cMm Obul OOHApY)KEH MOIIHBIH TOTrpeOCHHBIM TOPU3OHT A, W TOX HUM —
MOJHOMPO(UIBHBIN CPEIHEMOIIHBII YepHO3eM, C(HOPMUPOBABIIMUNCA Ha JIIIOBUM YTIUCTOIO
CJIaHLa.

1 2

Pucynok 2. UepHozemsl Ha
SIIIOBUU CIIAHIIEB!

1 — YepHozem
CpEeIHEMOIITHBIN Ha JIEIOBHH
CJIaHIIa, TIEPEKPHIBIIEM
YepHO3EM TEKCTYPHO-
KapOOHATHBIN (FOXKHBIN)
KBa3UIJIEEBBIM
CpPETHEMOIIHBIN Ha KENTO-
Oypo¥i TriIMHe, NoACTHIaeMON
TJIMHUCTBIM CIIAHIEM, Pa3pes
1806;

2 — UepHo3eM MaJOMOIIHBIN
Ha JJTFOBUU TJIMHUCTOTO
cnanIa, paspes 1808

3anokeHHbIE pa3pe3bl XapaKTEepPH30BaM IOYBHI, pPa3BUBAIONIMECS Ha CIAHIAX, Ha
W3BECTHSKAX, W Ha MEJOBBIX OTJIOXKEHMsIX. VHTepecHble BapuaHTBHl BCTPETWIIMCh Ha
JBYWICHHBIXOTIOKEHHIX, KOTIa TUIOTHAS MOPOAa — U3BECTHSK, OKa3ajlach MEPEKPHITON TOHKUM
TIJIAIIOM KeNTo-0ypoii TiuHbI (pa3pe3 1813), mubo rmroBuemM crnanies (paspes 1812). MomHoCTh
TaKUX MOYB HECKOJBKO OOJbINE, YTO BEPOSITHO OOYCIOBICHHO UMEHHO (PAKTOM JBYHJIEHHOCTH
MOpPOJBI M, COOTBETCTBEHHO,00Ji€€ pPa3HOOOpPa3HBIM XWMHYECKHM COCTaBOM. Ha smoBum
IUIOTHBIX TOPOJ MOITHOCTH A+B cocraBnser mpumepHo 45 cM, HE3aBHCHMO OT TOTO, Kakas
UMEHHO TIOpOJa CIY)KUT HWCTOYHHKOM TIOYBOOOpA3yIoMmIero wmarepuaja — CIAHIBl WIIH

W3BECTHSKH.
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UYepHO3eMbl Ha M3BECTHSKAX, MEPreyiiX M MeJlaX, U3BECTHBIE TAKXKE KaK YEpPHO3EMbI
ocraToYHO-KapOoHaTHbIe, B Kiaccubukarmn WRB (2006) naseiBatorcs Leptic Chernozems
Skeletic, B kmaccuduxanun FAO (1988) — Hapli Chernozems. UepHo3eMbl Ha ciaHIaX H
MecYaHrKax, XapakTepu3ywoluecs ciIabOoKUCIONW peakiueill cpelbl, HEBBICOKOW MOIIHOCTBIO,
CKEJIETHOCTBIO, MAJIOTYMYCHOCTbBIO, B EIMHOM rocynapcTBeHHOM peecTpe IMOYBEHHBIX PECYPCOB
Poccun (2014) otnecens! B rpynny «HepHoszembl 6e3 pasznenenus» (mo kinaccudukanusm FAO
(1988) 1 WRB (2006) — 3To Mollic Leptosols).

BepositTHO, moTOMy, YTO H3y4alluCh TEPPUTOPUH, BXOIAIIME B 0CO00 OXpaHsIeMbIH
nepevyeHb, BCE OHU XapaKTEPU30BAIKCH XOPOIIO Pa3BUTHIM PacTUTENLHBIM IMMOKPOBOM. borartoe
CTEMHOE pPa3HOTPaBbE CBOMMHU KOPHEBBIMHU CHCTEMaMU MpPEIOXpaHSeT IMOYBBbI OT Pa3BUTHUS
SpO3UM, HEMUHYEMOW B YCJIOBHSAX DAacCHalllKH B CHIJIy 3aJeraHus Ha CKIOHAaX. MIMeHHO »TuM
OOBSCHSICTCS TOBOJBHO BBICOKAs T'YMYCHUPOBAaHHOCTh HM3yYEHHBIX IIOYB W IOBBIIIEHHAs, IO
CpaBHEHHMIO ¢ JIUTepaTypHbIMHU NaHHBIME (besyriosa, XeipxsipoBa, 2008), MOIITHOCTh 3TUX MOYB.

1 2 3 4 5

Pucynok 3. UepHo3eMbl Ha TNIOTHBIX KapOOHATHBIX Mopoaax: 1 — UepHo3eM kapOOHATHBINA MaJIOMOIIHBIH
Ha U3BECTHsIKE, pa3pe3 1809; 2 — UepHo3eM KapOOHATHBINM MAJIOMOITHBIN TSDKEIOCYTJIMHUCTBINA Ha
MEJIOBBIX OTJIOXKEHUX, pa3pe3 1810; 3 — UepHozem kapOOHATHBIN c1a00CONOHIEBATHIN
CpeHeCcTOI0YaThIi Ha JJIFOBUHU CJIAHIIEB, MOACTUIAEMbIX U3BECTHSIKaMu, pa3pe3 1812; 4 — YUepHoseM
KapOOHATHBIN CpeTHEMOIIHBIH IeOSeHYATHIN Ha XKeNTO-0ypBIX INIMHAX MOJICTHIAEMbIX H3BECTHIKAMH,
paspes 1813; 5 — UepHo3eM KapOOHATHBIN CpEIHEMOIIHBIA CPEIHETYMYCHBIH Ha U3BECTHSIKE, pa3pes
1817

Bricokoe copepxkaHue Tymyca XapakTEpHO Ul YEPHO3EMOB, pa3BHBAIOIIMXCSA Ha
KapOOHAaTHBIX Topojax (tabnwma 1), 4To OOBICHAETCS OOraTCTBOM ITOYBEHHBIX PacTBOPOB
OOMEHHBIM KaJbLIUEM, CBS3bIBAIOIIUM T'YMHHOBBIE KHUCIOTHI B MAalOpacTBOPHUMBIE TI'yMaThbl
kanpius. Kak cnenctsue, yepHo3embl, (hopMHpyrolMecs Ha U3BECTHSAKAX U MeJe, CoJAepKaT B
JEPHOBOM ropu3oHTe 6-9% rymyca, B TO BpeMs KakK IOYBBI, Pa3BHUBAIOIIMECS Ha CIaHIAX,
coJiepKaT B IGPHOBOM ropu3oHTe 2,5-4% rymyca.
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Tabmura 1. OU3NKO-XUMHYECKHAE CBOWCTBA YePHO3EMOB Ha IUIOTHBIX MMOPOAAX 0CO00 OXpaHIEMbIX
Tepputopuii PocToBckoi oonactu

ILmoT- Cyxoit I'pancocrag, %

T'opuzonT Ty, HOCTB, pH OCTaTOK, COzg;apﬁ., Fyév[ - .
M /oM’ % 6 b <0,01 | <0,001 | >0,01
YepHo3eM cpeJHEMOLIHbIN HA AeJI0BHHU CIAaHIA, IePeKPbIBIIEM YepPHO3eM TeKCTYPHO-KAPOOHATHBII (F0JKHbI)

KBa3UIJIeeBbIi CPeIHEMOIHBIN HA JKeJTO-0ypoil IiInHe, MOACTHIaeMOUTJIMHACTRIM ciaannem, OOIIT
IIpoBaJibckasi crenb, pazpe3 1806
Ad 0-10 1,11 6,02 0,062 0,15 3,91 51,74 | 24,97 | 48,26
Al 10-25 1,46 5,94 0,075 0,19 2,98 50,04 | 27,31 | 49,96
Bl 25-40 HE Omp. 6,17 0,095 0,17 2,85 51,20 | 28,50 | 48,80
BC 40-50 - 6,52 0,039 0,14 2,01 49,80 | 28,17 | 50,20
[A] 50-90 - 6,74 0,044 0,17 0,95 5191 | 14,82 | 48,09
[BC] 90-120 - 8,79 0,049 1,8 0,85 50,59 | 27,53 | 49,41
[C ca] 120-150 - 8,66 0,049 3,21 0,65 47,75 | 25,60 | 52,25
[Cg]l/[D] 150-/190 - 8,90 0,054 3,37 0,58 80,90 | 36,90 | 19,10
YepHo3eM MaJIoMONIHbIH HA 310BUM ITHHUCTOrO cinanua, QOIIT IlpoBajbckas crens, pazpe3 1808
Ad 0-3 HE omp. 6,35 0,010 0,17 2,49 44,39 | 23,59 | 55,61
Al 3-13 HE omp. 6,63 0,059 0,16 2,23 49,96 | 28,16 | 50,04
Bl 13-22 - 6,39 0,054 0,17 1,18 51,25 | 31,86 | 48,75
B2 22-34 - 6,50 0,067 0,10 0,88 55,10 | 32,98 | 44,90
BC 34-44 - 6,67 0,044 0,19 0,68 56,41 | 31,35 | 43,59
YepHo3eM KapOOHATHBIN MajioMolIHbII Ha u3BecTHAKe, OOIIT MenoBble 0T/10keHuUs], pa3pe3 1809
Ad 0-15 0,72 7,95 0,132 6,70 6,37 4575 | 19,73 | 54,25
Al 15-35 HE omp. 8,14 0,108 9,01 4,72 53,06 | 24,18 | 46,94
AC 35-45 HE omp. 8,31 0,094 13,43 3,13
YepHo3eM KapOOHATHBINH MAJOMOIIHBIN TSKEJIOCYTIHHUCTBIH HA MeJIOBBIX 0TJ10KeHus1X, OOIIT MenoBbie
OTJIOKeHus1, pa3pe3 1810

Ad 0-13 0,74 8,06 0,237 3,38 9,19 43,42 | 22,30 | 56,58
A 13-35 HE omp. 8,30 0,158 5,88 6,06 4755 | 22,53 | 52,45
B 35-45 HE omp. 8,35 0,085 13,12 3,39 51,20 | 26,19 | 48,80
BC 45-60 - 8,30 0,200 16,75 2,04 61,32 | 30,36 | 38,68

YepHo3eM KapOOHATHBIN €JIa00COOHIEBATHIN CPeIHECTON0YATDII HA JIIOBUM CJAHIIEB, MOACTHIaeMbIX
u3BecTHakamu, OOIIT Yepnas

0aJika, paspe3 1812

Ad 0-3 HE oIp. 8,39 0,131 6,67 4,55 61,93 | 32,71 | 38,07
Al 3-10 1,25 8,42 0,125 5,01 3,11 70,05 | 38,49 | 29,95
Bl 10-22 HE omp. 8,52 0,073 5,39 2,05 74,95 | 39,70 | 25,05
B2 22-42 - 8,51 0,155 4,08 2,78 58,50 | 32,01 | 41,50
BC 42-65 - 8,23 0,528 1,16 0,90 56,75 | 28,41 | 43,25
YepHo3eM KapOOHATHBIN cpeAHeMOLIHbI edeHYaThIi HA KeJITO-0ypbIX INIMHAX NOACTHIAEMbIX
usBecTHsakamu, QOIIT Yepunas 6aska, paspe3 1813
Ad 0-7 HE orp. 8,63. 0,079 1,22 8,95 49,29 | 24,62 | 50,71
Al 7-30 - 9,21 0,110 1,82 574 58,73 | 33,16 | 41,27
Bl 30-42 - 9,04 0,094 5,01 3,73 60,30 | 38,00 | 39,70
B2 42-60 - 9,04 0,094 8,31 1,67 59,99 | 36,65 | 40,01
C/D 60-/95 - 9,15 0,072 10,18 0,77 58,14 | 31,77 | 41,86
YepHo3eM kapOOHATHBINH cpeAHeMONUIHbIN cpeAHeryMmycHblii Ha u3BecTHake, OOIIT Muycckue cKk/I0HBI,
paspes 1817
Ad 0-7 HE omp. 7,78 0,248 0,91 7,94 49,37 | 27,12 | 50,63
Al 7-22 - 8,07 0,285 1,92 3,99 54,43 | 36,22 | 45557
AB 22-38 - 8,20 0,074 1,55 4,38 53,72 | 3451 | 46,28
B 38-55 - 8,21 0,115 4,43 3,41 50,98 | 31,21 | 49,02
BC 55-65 - 8,46 0,125 5,22 3,50 46,87 | 28,99 | 53,13
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OOmuM CBOWCTBOM JJIi BCEX OMNHCAHHBIX YEPHO3EMOB SIBISIETCS HMX JOCTATOYHO
TSDKETIBIA TPaHYJIOMETPUYECKUN COCTaB — TSKEIOCYTIMHUCTHIN, MO0, peke, JETKOTINHUCTHIH,
M BBICOKAas  CKEIIETHOCTh, OCOOCHHO HIKHeW dYactu mpoduns. bomee  nerkuit
IPaHyJIOMETPUYECKUN COCTaB MPUCYLl YEepHO3EMaM, pa3BUBAIOIIMMCS Ha IEeCYaHUKE.
UepHo3eMbl Ha TUIOTHBIX KapOOHATHBIX TOPOJAX OTIWYAOTCS OT IMOYB TOTO JK€ THUMA Ha
MEJIKO3EMHUCTBIX MOpPOJaX HE TOJBKO MOHMKEHHOM MOIIHOCTHIO U MIEOHHCTOCTHhIO, HO U
OTCYTCTBHEM KapOOHATHBIX HOBOOOpPA30BaHWN — MHUIICTHS W OEIOTNIa3KH, XapaKTePHBIX s
MOJATUINIA OOBIKHOBEHHBIX (CEBEpPONPHA30BCKUX) U IOKHBIX uepHO3eMoB. [loaTomy, Kak
crpaBeuBo otmevaeT H.A. JIparan (2006), ynioMrHaHue MOATUIOBOM MPUHAJIC)KHOCTH ITHX
MOYB B Ha3BaHUH HEKOPPEKTHO.

3AKVIIOYEHUE

Mopdonornueckrne U GU3NKO-XUMHUYECKHUE CBOMCTBA YEPHO3EMOB HA TUIOTHBIX TOPOJIaX
HOYEPKUBAIOT UX CAMOOBITHOCTD M CIICIM(DUIHOCTD, H B TO XK€ BPEMsl YETKO yKa3bIBAIOT HA X
TUIIOBYIO MMPUHAAJICIKHOCTD K YCPHO3EMaM. 00 »ToM CBUACTCIILCTBYCT TEMHBIN LIBCT I'OPU30HTA
A, XOpOIIO BBIPAKECHHASI €r0 3epPHUCTAas CTPYKTYpa, peakius Cpelabl OT CIabOKHCION 10
ClIa0OIIENIOYHOM, JIOCTATOYHO BBICOKOE CcoJepKaHHe Trymyca. YepHO3eMbl Ha IUIOTHBIX
KapOOHATHBIX TOPOJaX MOXKHO pacCMaTpuBaTh Kak [EPEXOIHbIA MOATHII K JIEPHOBO-
Kap6OHaTHBIM nmo4ysaM, OT KOTOPBIX HUX OTINYACT Kap6OHaTHOCTB C MMOBCPXHOCTHU, B TO BpEMA
KaK PEH/I3MHBI, TOCTHUTIINE B CBOEM 3BOJIOIMOHHOM Pa3BUTHH TAKOW MOIIHOCTH, OOBIYHO yXKE
BBIIIIEIIOYCHBI OT KapOOHATOB.
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Abstract. While the land rights of women are legally protected through a number of internal acts and
ratification of several international conventions, in practice, many women are still are to exercise their
land rights. The reason for this are the patriarchal attitudes and stereotypes, low participation of women
in decision-making, violence against women, excessive load of domestic work and care for the children
and the elderly, which are still believed to be women’s exclusive domain. Further promotion of women’s
land rights, enhancing their decision-making capacities, access to better paid jobs and access to finances,
improving communication skills, enforcing legislation countering home violence and land grabbing are
some of the solutions proposed by the state and international partners of the country to remedy the
situation. International Land Coalition (ILC) has a special focus on women’s land rights and provides for
innovational approaches to the problem and develops policy instruments to creatively address the issue.
Use of such approaches and instruments in the Republic of Moldova could contribute to better protection
of women'’s land rights.

Key words: women’s land rights, stereotypes, home violence, land grabbing, policy instruments

INTRODUCTION

The status of women in a country determines, to a great extent, the welfare of families,
children, households, as well as the welfare of the country. Women’s land rights are of great
importance in a country with widely spread phenomena of corruption, criminality, land grabbing,
home violence, low status of women, especially in rural areas. It is shown that use of nationally
and internationally developed instruments for promoting and enforcing women’s general rights
and land rights in particular, as proven by experience in regions of the world, could lead to
enhanced welfare of families, children, men and women, as well as the entire rural space of the
country. Other improvements would be better environment and improved human rights
indicators of the country.

MATERIALS AND METHODS

The national legal and regulatory framework related to women’s land rights was studied
along with international conventions and other documents to which the Republic of Moldova is
signatory party. The Country Assessment Report on ILC People Centered Land Governance
Commitments at the national level for the Republic of Moldova (NGO BIOS, 2017) has provided
deep insights into the situation of land rights of women and girls in Moldova and was used as
guidance documents for the analysis and research. In-office analysis of reports and documents of
the developing partners in respect to the situation of women and girls in Moldova was carried
out. Participatory research of women’s land rights was carried out in 2018 and 2019 by NGO
BIOS staff using the in-depth interview method and focus group discussions. Study of
internationally renowned instruments, including the ones developed by FAO and ILC, and their
practical application in Europe, the Americas, Africa and Asia has generated ideas for improving
the situation in the Republic of Moldova in the area of women’s land rights protection.

RESULTS AND DISCUSSIONS

The main laws that establish land policy in the Republic of Moldova are: the
Constitution, the Land Code, the Civil Code, the Law on state land structure, state land cadastre
and land monitoring, the Law on immovable property cadastre, the Law on normative price of
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land and procedure of land purchase and sale, the Law on real estate formation, the Law on
lease in agriculture, the Law on public property management and privatization, the Law on
forest remedy of degraded land and the Law on Land in Public Ownership and its Demarcation.

In the area of equal rights between women and men, a number of laws and regulatory acts
apply. The women’s rights in family relationships are guaranteed by the Constitution, Family
Code of the Republic of Moldova as well as other several other regulatory acts. The legislation
of the Republic of Moldova is based on the principle of equality of rights between women and
men and absolute prohibition of discrimination based on gender, including in family life.
Legally, land rights for women are the same as for men.

There are some international instruments that work towards enhancing equality between
women and men in all areas of life, including land rights. A number of important documents
were signed and ratifies by the Republic of Moldova to ensure gender equality in the country:
Convention on Elimination of all forms of Discrimination against Women (CEDAW), ILO
Convention concerning Discrimination in Employment and Occupation (No. 111) and the ILO
Convention on Equal Remuneration (No. 100). The National Programme for gender equality for
the years 2010-2015 provides for a comprehensive approach to issues related to implementation
of the principle of equality between women and men, and contains provisions designed to ensure
implementation of the commitments undertaken assumed by the country by ratifying
international instruments in the field of equal rights and opportunities.

Despite adoption of all these important legal instruments and programmes, the progress
in the area of ensuring gender equality is still slow. Based on the Concluding CEDAW
Observations regarding Moldova, patriarchal attitudes and deeply rooted stereotypes on roles and
responsibilities of men and women in family and society still persist. It is noted that such
attitudes and stereotypes are the core causes of the (1) disadvantaged position of women in
political and public life; (2) violence against women; and (3) gender segregation, as reflected in
the educational choices of women and girls and the options for job selection. Violence against
women in Moldova is serious and widespread. Commissioned by the UN in Moldova in 2011,
the study Violence against Women in the Family conducted by the National Bureau of Statistics,
found that 63 per cent of women experienced psychological, physical or sexual violence from
their husband or partner and one in 10 women experienced economic violence at least once.
Rural, elderly and separated or divorced women were exposed to highest rates of multiple types
of violence.

The most vulnerable groups — women, persons with disabilities, the elderly and
young people — are exposed to financial and social inequalities. Although women represent
half of the labour force of the country, according to National Bureau of Statistics (NBS) data,
they are employed mostly in low paid areas. Unpaid household care work continues to be the
main responsibility of women. The 2015 Global Gender Gap report says that, on average, a
woman in Moldova earns 74% of a man’s salary. Women entrepreneurs still face barriers getting
access to bank loans and to state-funded business and entrepreneurship development
programmes. Women experience lower rates of access to agricultural technology, with tractors
being the most commonly owned type of equipment. About 4% of male-headed holdings own a
tractor, compared with 0,9% of female headed holdings. However, there is little difference in
terms of the receipt of financial support.

The involvement of women and men in household decision making is an important
indicator of women’s status and their role in control over assets. Women’s levels of involvement
in household decision making are highest in Moldova, which is also one of the few countries
where rural women (94%) are more likely than urban (89%) ones to contribute to the final
decision that is made. However, the numerous women in violent family relationships are clearly
denied any role in decision-making.

Violence against women in business and neighbourhood relationships are widely spread.

Some women complained that damage was done to their plantations, including destruction of
vines, theft of concrete or metal supporting poles, theft of harvest, threats of violence in case of
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complaints. Other women stated having to close their businesses through low access to bank
loans, some male bank clerks being prejudiced against women entrepreneurs.

There are some initiatives to promote gender equality and empowerment of women in
Moldova. For example, UN Women offers projects and initiatives focused on: leadership and
political participation, economic empowerment, ending violence against women, national
planning and budgeting and others. Such initiatives empower women and aim at improving their
economic opportunities and ensuring that women and girls live a life free of violence. The
programmes advocate for transparent and adequate public financing for gender equality, promote
gender-responsive budgets at all levels of national planning and budgeting so that adequate
resources are transparently channelled to benefit both women and men. The state also provides
grants to women entrepreneurs for starting a new business or extending and existing one.

At the global level, International Land Coalition (ILC) has launched the Women's Land
Rights initiative is aimed at identifying and encouraging targeted actions to promote women's
land rights both in regional collaborative and in-country activities of members. ILC's global
initiative has also included liaising with and supporting regional focal organisations to hold
thematic meetings and lead activities on research and training, as well as personal coaching of
women for empowerment.

In the past, ILC has sponsored action-oriented research on securing women's land rights,
organised online discussions including in collaboration with other partners, held side events at
the CSW and AWID, supported members' shadow reporting on international human rights
treaties their states are parties to, and carried out capacity-strengthening to enable ILC member
organisations to use tools, such as the Gender Evaluation Criteria.

In order to facilitate peer-to-peer learning and solidarity on women's land rights and
gender justice, ILC has also organized Learning Routes that bring together people who share
experiences but live in different parts of the world. This innovative knowledge sharing
opportunity not only turns local participants into trainers that share their knowledge, but also
exposes participants from other areas and countries to different realities in a process of
individual and collective learning.

In the coming years, ILC's Global Women's Land Rights initiative will continue to
facilitate member interaction, including through a global Thematic Group that provides a space
for discussion and exchange. Following the signing of a gender justice charter in Africa, ILC is
exploring how to support members in achieving organisational change towards gender justice.
Another focus will be to provide ILC members with easily accessible tools which could be used
to ensure that the activity and work of members is sensitive to gender issues. In addition, ILC
will provide technical support to members as they design new activities.

These ILC plans are of major importance for women’s land rights in the Republic of
Moldova, as the country will have further access to innovatory and creative methodology for
tackling inequality, including through instruments and support pertaining to ILC’s Commitment
4 - Equal land rights for women.

Another important area, in which inequalities in accessing land rights by women are
visible, is tackled by ILC through its Commitment 9 - Effective actions against land
grabbing. The participatory research of land rights in Moldova carried out by NGO BIOS in
2019 revealed cases whereby women are denied access to their legally owned land plot, which
has been fenced by a larger land owner along with his own land by threats of violence and
threats of murder.

There is no legal framework directly dedicated to large-scale acquisition of property
rights over agricultural land in the Republic of Moldova. However, the Agency for Land
Relations and Cadastre (ALRC) is a public body authorized by the Government to acquire land
for investment and infrastructure purposes by means of expropriation. There are no data on large
scale land acquisitions in the country. Investors seeking to invest in agriculture may lease
agricultural land or enter into sale-and-purchase transactions at market prices, based on direct
negotiations with rights holders. However, for public as well as private land, investors are guided
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by the general legal framework on the privatization of public property and/or legislation on
public-private partnerships. Investors are not interested in public agricultural lands owned by
LPAs because the area of the reserve fund is very small. The Ministry of Agriculture, Regional
Development and Environment (MARDE) manages approximately 15,000 ha of state
agricultural land, educational and scientific institutions, experimental farms, etc.

The Government of Moldova created an adequate legal basis, including favourable tax
treatment for investors. By law, foreign companies enjoy the same treatment as local companies
(national treatment principle). A notable exception to foreign investors (individuals, companies
and companies with foreign capital) is the prohibition on purchase of agricultural land. However,
agricultural land can be leased for long terms.

Social safeguard requirements for investors are not documented or clearly defined in the
legislation in force. However, the legislation in force provides for the monitoring and evaluation
of public-private partnerships, although an implementation mechanism has not been developed.
The contractual provisions relating to community and public land acquisition expressly provide
for the benefits and risks of sharing. Inclusion or non-inclusion of community interests in the
sale and purchase, lease and loan contracts concluded with investors depends on the
competencies of officials from LPAs or other authorities. While no statistical data exist, in-depth
interviews with farmers revealed and in fact large scale acquisition of land is on-going, but
frequently villagers have no idea who has bought the land and what are the plans of the new
large land owner for its use.

In this respect, women are again more vulnerable to being coerced in different manners to
sell their land cheaply or to accept an unfair exchange. This situation is exacerbated by low
participation of women in community decision-making due to their large family workload and
lack of time to get involved in decision making processes.

The vulnerabilities of women in exercising their land rights may be successfully
addressed in a number of ways, as described in more detail below. Some of the ways to tackle
problems associated with women’s land right involve use of ILC and FAO methodologies
developed towards this end.

1. Research and inventory of women’s land rights, including practical enforcement of
existing laws and guidelines

2. Development of policies to address identified problems both with direct impact and in
cross-cutting areas

3. Communication of solutions to women’s land related problems in the society, through the
educational program, within public institutions and in communities, especially in the
rural ones

4. Employment of opinion makers to promote enabling lifestyles for women, showing that it
is normal and beneficial for women to lead a business, take decisions related to jointly
owned land and property, share the burden of home work with male members of the
family, are adequately rewarded for their unpaid work within the family

5. Support programs to aid women’s initiatives in accessing their land rights including
easier access to funds, education for enabling attitudes for women, support to women led
businesses, training courses in land related fields, etc.

In all such programs and activities ILC and FAO developed instruments for enabling

access of women to land related rights can be successfully used. The most important of them are
briefly described below.
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e EXPLORING THE GENDER AND LAND RIGHTS DATABASE (GLRD)

The database allows to learn more about the different factors that relate to gender
inequalities embedded in land rights by exploring the country profiles, gender and land-related
statistics and a recently-developed legal assessment tool (LAT). The database is also a good
instrument for international comparison and development of international policies.

e LEGAL ASSESSMENT TOOL (LAT)for gender-equitable land tenure

The LAT offers a scroll-down list of legal indicators for gender-equitable land tenure.
They focus on elimination of gender-based discrimination in the constitution, in inheritance,
nationality, property rights and access to justice among others. When selected, the indicator
will reflect to what extent acountry has incorporated the indicator into its national legal
framework. The results are shown visually and in different colour ranges on an interactive
map specially designed for this purpose on a scale from 0 to 4. Also, the LAT assessments
currently available can be downloaded in full from FAO website.

e [LC TOOLKIT AGAINST LAND GRABBING

The toolkit collects together information on six tools that have been successfully used by
members of the International Land Coalition (ILC) to prevent and remedy land grabbing,
ensuring that all large-scale initiatives that involve the use of land, water and other natural
resources comply with human rights and environmental obligations. The six instruments are:

1. Recognition of traditional land tenure systems;

2. Recognition of cultural minorities’ land rights;

3. Repeal and replacement of unfair and discriminatory legislation;

4. Implementation of restitutive land laws;

5. Protection of cultural minority land rights;

6. Strengthened pro-poor land governance.

CONCLUSIONS

Due to conventional beliefs, customs and practices, as reinforced by outdated perceptions
in families and deficiencies of the educational system, the women in the Republic of Moldova
still bear almost exclusively the burden of home work and education of children, as well as care
for the sick and the elderly. For this reason, they are at a great disadvantage in decision making,
acquiring financial independence and exercising their land rights. The land rights are totally
denied to women in violent relationships and dependent women with low level of education and
small children. Innovational approaches and methods are needed to address this issue.

Such approaches have been developed by international land and agriculture related
organizations, such as ILC and FAO, but also by organizations catering for women’s interests
and needs, such as UN WOMEN. Application of such instruments as well as development of
new instruments suitable for conditions and situation of women in the Republic of Moldova,
would allow for improvement of the access of women to land related rights. The instruments
should be applied within local, national, regional and international programs, specifically
designed to tackle individual problems as well as general widely spread outdated stereotypes and
attitudes. Addressing the issue of land rights of women and girls in the Republic of Moldova
could lead to improvement in livelihoods not only of women and children, but also of men,
families and communities. Another very important expected outcome would be enhanced
welfare of the country and better management of agricultural businesses and higher quality of the
environment.
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SOIL FERTILITY AND SUSTAINABLE, RESILIENT AGRICULTURE
IN THE REPUBLIC OF MOLDOVA
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Abstract: Typical Chernozem on the Balti Steppe has suffered substantial loss of soil organic matter from
the whole soil profile under arable farming: black fallow, continuous cropping and various crop
rotations. In the absence of optimal soil fertilization, uncompensated losses of soil organic carbon are
driven by the uptake of nitrogen for crop yield formation predominantly from the mineralization of soil
organic matter, as well as the acceleration of mineralization by ploughing. A sustainable and resilient
farming system can be achieved only by restoration of soil fertility within diverse crop rotations.

Key words: soil fertility, soil organic matter, sustainable and resilient agriculture, crop rotation,
continuous cropping.

CONTEXT

Farmers manage land, water and solar energy to produce crops and livestock.
Incidentally, they manage the landscape, fresh water, and carbon capture from the atmosphere
via its transformation to soil organic matter. If these services are considered at all, they are taken
for granted — they are certainly not accounted in the cost of food. Farm-gate prices have been
driven down relentlessly so farms must either get bigger or go out of business. Food production
certainly benefits from economies of scale and the gifts of technology: fertilizers and
agrochemicals, irrigation, new crop varieties, and ever-more-powerful machinery. These gifts
depend on non-renewable sources of energy and they exact a hidden cost by exposing the topsoil
to the elements, turning it upside down with every pass of the plough, and running down soil
organic matter. Soil organic matter matters: not only is it a reserve of plant nutrients, itmaintains
soil structure, ensures water infiltration and water-holding capacity; and it fuels the
microorganisms that break down wastes and toxins, regenerate those crop nutrients, and control
pests and diseases. So crop yields have stalled or, even, decreased; more and more power and
more chemicals are needed; soil erosion, floods and droughts are exacerbated; groundwater is
not recharged but polluted; agriculture burns up more energy than it harvests and is responsible
for one third of the excess CO; in the atmosphere and one quarter of present emissions (Brown
2012, IPCC 2014, FAO 2017).

This is unsustainable: economically, environmentally and socially. Eve non the terms of
the market, business-as-usual is not viable because of the ever-widening gap between farm-gate
prices and the costs of industrial inputs. Farmers are receiving less and less of the value added
along the food delivery chain and they are more and more vulnerable to market price fluctuations
(Mclntyre and others 2009, Foresight 2011) — not to mention the climate crisis. Farmers
everywhere are seeking an alternative model of agricultural intensification. We argue that the
reductionist approach that gave us the green revolution and, also, our present troubles should be
replaced by holistic or systems thinking. And we should start with the most fundamental natural
asset — the soil; in our case, the Chernozem.

Chernozem developed under perennial grassland. Its replacement by annual crops
dramatically reduced the input of organic matter, especially from roots; ploughing destroys soil
structure and accelerates mineralization; and bare soil invites invasion by weeds and erosion by
wind and water. Over the last half century, neglect of crop rotation and separation of cropping
and animal husbandry went hand-in-hand with reliance on machinery, mineral fertilizers and
pesticides. The result has been dramatic dehumification of arable soils. One hundred years after
Dokuchaev, Victor Kovda and others (1983) documented losses of 20-70 per cent of the humus
content of the plough layer across the steppes. These losses continue, unabated. Academician
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Andrei Ursu, re-sampled Dokuchaev’s Soroca chernozem that in 1877 held 5.72 per cent humus;
he measured 3.76 per cent humus in 1960 and 3.36 per cent in 2003 and comparable losses not
only from the plough layer but throughout the soil profile (Ursu 2005).

LONG-TERM FIELD EXPERIMENTS

Long-term field experiments with crop rotations and continuous cropping on Typical
Chernozemwere established in 1962 and 1965, respectively, at the ,,Selectia” Research Institute
of Field Crops (PIFC) on the Balti Steppe in the Republic of Moldova. The experimental design
embraces eight ten-field crop rotations (three replicates) with a range of 40 to 70 per cent of row
crops. Tillage and applications of organic and mineral fertilizers are in accord with current
recommendations; unfertilized controls are maintained in all cases. Each plot is 283 m?and there
are three replicates. Each plot under continuous cropping is 450 m? but with no replicates.
Details may be found in our previous publications (Boincean, 1999, 2014; Boincean & Dent,
2019).

RESULTS AND DISCUSSION

Soil carbon stocks and CO, emissions

Table 1 presents the stocks and losses of soil organic carbon (SOC), relative to meadow,
under different crop rotations and continuous cropping. The SOC stock of the 0-100 cm soil
layer of the meadow is 342.3 t/ha (100 per cent). Relative to this, the losses of SOC have been:
for black fallow — 120 t/ha (35 per cent); continuous corn for grain — 84 t/ha (25 per cent); for
crop rotation with 30 per cent lucerne — 68.6 t/ha (20 per cent); rotation with 60 per cent row
crops and receiving 12 t/ha of manure — 60.6 t/ha (18 per cent); and for continuous winter wheat
—49.1 t/ha (14 per cent). The share of soil organic carbon losses from the upper 60 cm ranges
from 66 to 73 per cent.

In the long-term field experiment with different systems of fertilization, it was found that
losses of SOC from the 0-100 cm soil layer, relative to meadow, were: for unfertilized plots
(since 1970) — 165.8 t/ha (48.0 per cent); for plots fertilized with manure + NPK (15 t/ha +
NPK130 kg a.i./ha) — 141.9 t/ha (41 per cent); and for plots fertilized only with mineral
fertilizers (130 kg a.i./ha) — 192.1 t/ha (56 per cent). These are big losses. Each tone of SOC is
equivalent t of 44 t CO,. Takingthe SOC losses of 192 tC/ha from a crop rotation supplied only
with mineral fertilizer (Table 1 a), the CO,emissions amount to 8448 t/ha. Taking Zhanguo Bai’s
estimate of the areas of Chernozem in different parts of the world, there are 2496 thousand ha of
Chernozem in Moldova, some 80 per cent is arable (1997 thousand ha); emissions over less than
60 years amount to 16.8 Gt CO, (2 ppm of atmospheric CO,). Extrapolating these estimates
across the steppes of Ukraine, Russia and Kazakhstan, the figures are in the range of 70-110 Gt
(9-14 ppm).

The potential for carbon sequestration in Chernozem is correspondingly enormous but it
depends, above all, on increasing the root mass — that contributes nearly all of SOM — as opposed
to the above-ground biomass. Current emissions can be halved just by adopting a diverse crop
rotation and eschewing black fallow. Under zero tillage, crop rotations that include perennial
grasses and legumes but no black fallow may achieve an annual gain of 0.5-1.5 tC/ha until a new
steady state is achieved.

Benefits of crop rotation

Business-as-usual is not sustainable—and unprofitable farming is unsustainable. Modern
technologies should be embraced but in the context of farming systems founded upon optimal
crop rotations, optimal fertilization and zero or minimum tillage. The focus should be not only
on crop Yyield but, also, regeneration of soil fertility by better recycling of energy and nutrients.
In our previous publications we have demonstrated that better recycling of nutrients and energy
can be achieved by diverse crop rotations that include perennial grasses and legumes and
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integration of crops and livestock. This combination can significantly reduce or even eliminate
dependenceon industrial inputs (Boincean and Dent, 2019).

Table 1. Stocks and losses of soil organic carbon since 1963 relative to meadow in the long — term field
experiment with crop rotation and permanent cropping in the Balti steppe, Selectia” RIFC, Republic of
Moldova, 2015 year

Stocks and losses of soil organic carbon under crop rotations, permanent monocrops and black

fallow
. Rotation with Rotation with - Continuous
Soil layers LY 40% of row crops 60% of row vf/:iﬁ?et:nlejlﬁ:;t corn for grain 55 years black
cm +30% luceme +4 | crops+12tha | ot oo +13 t/ha fallow
t/ha manure manure manure
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™ o ~ © ° ™~ © | o N B ™ Q| ™ b=
o0 | g 8 )28 |RI§|8|%§|3(% 8|3 8|88
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“ | 23
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Table 1 a. Stocks and losses of SOC since 1970 under a 6 years crop rotation with 50% row crops and
different systems of fertilization
Soil lavers Meadow Unfertilized since Fertilized with NPK ;er;[::zef mm 11‘28/ rlla
YErs, 1970 (130 kg a.i. /ha) . g
cm a.i./ha
t/ha % t/ha + % t/ha * % t/ha * %
0-100 342,3 100 176,5 -165,8 | 48 150,2 -192,1 56 200,4 -141,9 41
'“C(:f(')”g 2253 1599 | -654 | 29 | 1367 | -886 | 39 | 1762 | -491 | 22
% of
0-100 66 91 91 88

Table 2 shows changes in SOC under crop rotations with and without lucerne. Between
1992 and 2015, stocks of soil organic matter have decreased under both crop rotations, especially
in the topmost 20 cm. Nevertheless, the accumulation of soil organic matter is higher for soil
layers 40-60 and 60-80 cm in the rotation with lucerne compared with the rotation without
lucerne. This is important for storage and use of water in the subsoil (Table 3). Spring stocks of
soil water in the top 2 m were higher under continuous wheat and after corn-for-grain — probably
because of impeded drainage — but consumption of water were greatest in the rotation with
lucerne. The share of total water consumption taken from the topmost metre was 52.6 per cent in
the rotation with lucerne, 60 per cent in continuous winter wheat and 70.8 per cent in the rotation
without lucerne. We perceive that the root system of winter wheat can use water from deeper soil
layers when it is sown after lucerne, but significantly less when it follows corn for grain.
Moreover, the water-use efficiency of winter wheatis significantly greater after lucerne than after
corn or under continuous wheat.
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Table 2. Changes in the stocks of soil organic carbon 1992-2015 in crop rotations with and without
lucerne on the Typical Chernozem of the Balti steppe, tC/ha (mean of 3 replicates)

Soillayers, Crop rotation with lucerne Crop rotation without lucerne
cm 1992 2015 + % 1992 2015 + %
0-20 71.0 59.0 -12.0 17.3 66.7 52.6 -14.1 -21.1
20-40 69.6 63.6 -6.0 8.6 62.9 56.4 -6.5 -10.3
40-60 56.2 61.6 +5.4 9.6 515 52.5 +1.0 1.9
60-80 37.2 52.9 +15.7 42.2 31.1 38.1 +7.0 22.5
80-100 37.0 43.1 +6.1 16.5 19.3 21.7 +8.4 43.5
0-100 +9.2 -4.2

Table 3. Water-use by winter wheat, ,,Selectia,, RIFC, means 1992 — 2018

Soil water stock, mm Soil water Water Soil water
Soil layers, consumption consumption from Yield, consumption,
cm Spring After harvest mrr? | 0-100 cm, 0-200 t/ha tonne per tonne
cm, % grain
Winter wheat after lucerne in 3rd year after 1st cut
0-100 176.6 82.8 93.8
0-200 352.1 173.7 178.4 526 513 347.8
Winter wheat after corn for grain
0-100 184.7 79.5 105.2
0-200 322.8 174.3 148.5 08 3.7 4003
Continuous winter wheat
0-100 179.4 91.0 88.4
0-200 370.0 222.6 147.4 600 3.02 488.1

The nitrogen riddle

The efficiency of nitrogen fertilizer applied to winter wheat is greater under continuous
wheat and wheat in rotation follow inglate-harvested predecessors, and lowest when winter
wheat is sown after an early-harvested predecessor like vetch-and-oats (Table 4). In other words,
the better the crop rotation or the alternation of crops in crop rotation, the greater the contribution
of inherent soil fertility in yield formation: 65 per cent for continuous winter wheat, 88.5 per cent
for wheat in rotation after an early-harvested predecessor. In practical terms, this means that
respecting crop rotation allows a reduction in the rates of applied mineral fertilizers (as well as
herbicides, fungicides and pesticides).

Table 4. N-use efficiency and the share of soil fertility in yield formation for winter wheat in crop rotation
(after different predecessors) and in continuous cropping, long — term field experiment at ,,Selectia,,
RIFC, means for 1994 -2018, t/ha and %

= " Yield of winter Extra N N anplied Total N | Share of
S § o S wheat, t/ha ield taken F;E N-Use uptake soil
£2%8 2 . ¥rom UPDY | ineral | efficiency on fertility in
g-% S % Ui fertilized | fertilizers, extra fertilizers, % Lislill Pt YIEl
50 IS lized t/ha yield, kg/ha plots, | formation,
kg/ha kg/ha %
g | Vewhand- |55 | 54 +0.59 | 19.5 90 217 169.6 88.5
8 oats
= :
S Maize 3.29 4.69 +1.40 | 46.2 90 51.3 154.8 70.1
o silage
O - -
S C%rgifnor 2.62 371 +1.09 | 36.0 90 40.0 122.4 70.6
3
S g Winter
£ g 1.96 3.02 +1.06 35.0 90 38.9 99.7 64.9
=) wheat
8 o

The preponderant contribution to yield formation by nitrogen from mineralization of soil
organic matter under scores the crucial role of inherent soil fertility. Under stimation of the soil’s
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capacity to provide nitrogen through the mineralization of soil organic matter has resulted in a
waste of costly fertilizer: we see its tracks in Typical Chernozem at depths below one metre; in
Ordinary chernozem and especially Southern chernozem under dryer conditions, there is
substantial accumulation of nitrates in the deep subsoil- out of reach of roots (Krupenikov and
others, 2011). Moreover, uncompensated annual losses of soil organic matter are closely
associated with the demand and supply of nitrogen: the content of soil organic matter is lower
under crop rotation on fertilized plots than under continuous winter wheat (Table 5).

Table 5. Soil organic matter (C, %) in crop rotation and in continuous cropping. ,,Selectia,, RIFC 2015,
average of three replicates

Soil Crop rotation with 60% Continuous cropping Black fallow
layers, row Crops Winter wheat Corn for grain

cm unfertilized fertilized unfertilized fertilized unfertilized fertilized | unfertilized | fertilized

0-20 2.47 2.72 2.47 2.98 2.33 2.60 2.13 2.37
20-40 2.40 2.62 2.44 2.97 2.29 2.61 2.06 2.30
40-60 1.98 2.29 2.12 2,71 2.21 2.27 1.85 2.03
60-80 1.47 1.54 1.53 1.88 1.48 1.84 1.30 1.45
80-100 1.08 1.18 141 1.42 1.24 1.22 0.97 1.34
0-100 1.88 2.05 1.99 2.39 1.91 2.11 1.66 1.89

The content of soil organic matter, averaged over the whole 0-100 cm layer was 2.05 per
cent on fertilized plots under crop rotation: but 2.39 per cent under fertilized continuous winter
wheat. Moreover, depletion of SOM is greater in the deeper soil layers under crop rotation than
under continuous winter wheat. Continuous corn for grain, both fertilized and unfertilized plots,
depletes soil fertility more than continuous winter wheat. Soil exhaustion is worst under black
fallow — which should be eschewed in modern farming systems. But even a good alternation of
crops in rotation cannot restore soil fertility without optimal systems of tillage and fertilization.

CONCLUSIONS

1. Under arable crops, Typical Chernozem emits clouds of CO,through mineralization of
soil organic matter. The other face of the coin is its correspondingly great capacity to sequester
carbon and mitigate global heating. The face depends on management.

2. Total losses of SOC over 55 years from the topmost metre, relative to meadow are: for
continuous winter wheat — 49.1 t/ha (14 per cent); for crop rotation with lucerne — 68.6 t/ha (20
per cent); for black fallow — 120 t/ha (35 per cent); and from crop rotation receiving only mineral
fertilizer — 192.1 t/ha (56 per cent).

3. Incorporation of perennial legumes in crop rotation enhances the accumulation of soil
organic matter throughout the profile but, especially, in deeper soil layers — which makes crops
more resilient to drought.

4. Water-use efficiency by winter wheat is much higher in crop rotation with perennial
legumes than in crop rotation without perennial legumes and, especially, compared with
continuous winter wheat.

5. Low nitrogen-use efficiency by winter wheat sown after early harvested predecessors
in crop rotation indicates a big contribution of inherent soil fertility in yield formation (88.5 per
cent) and, thus, the opportunity to cutting the rate of nitrogen from mineral fertilizers.

6. The predominance of nitrogen from the mineralization of soil organic matter in yield
formations associated with uncompensated annual losses of soil organic matter. This is driving a
constant reduction of soil fertility. Black fallow is particularly destructive.

7. Transition to a more sustainable and resilient agriculture is possible only by respecting the
whole farming system with optimal crop rotations, minimal or zero tillage and fertilization
oriented towards restoration of soil fertility.
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Abstract. The agrophysical properties of the southern chernozem under conditions of a low culture of
land cultivation were studied. The effect of prolonged use of mineral, organic and organic-mineral
fertilizers and their aftereffect on the agrophysical properties of the southern chernozem is studied. A
comparative analysis and assessment of the agrophysical properties of the southern chernozem have been
carried out.

Keywords: southern chernozem, physical properties, fertilizer system.

BBEJIEHHME

OnHOM W3 HEOTHEMJIEMBIX CBOWCTB YEPHO3EMOB SIBIISICTCSI MX OJIATOMPHUSTHBINA BOJHO-
BO3AYIIHBIA peXHUM, 00YCIIOBIEHHBIN XOpOLUIMMH (U3UUYECKUMHU KayecTBaMu. B To ke Bpems, B
pe3yabTare UIMTENBHOTO CENbCKOXO3SHCTBEHHOTO WCIIOJIB30BAaHMS 3€Mellb, B TIOYBEHHOM
npodpuiie 4YEpHO3EMOB IPOCIEKHUBAIOTCA TEHAEHLMM pPa3sBUTHUS IPOLECCOB, KOTOpbIE B
OOJNBIIMHCTBE CIIy4aeB MPHUBOJAT K YXYIIMICHWI0O WX (U3NYECKUX CBOWCTB. Xapakxtep,
HalpaBJIeHUE U CKOPOCTh 3THX IPOLIECCOB B 3HAUUTENBHOW CTEHNEHM 3aBUCUT OT MHOI'MX
(GakTOpoB M HE B IOCIEAHIOI OYepelb OT KylbTypbl 3emienenus. Tak, ¢ 1992 roma u mno
HacToslIllee BpeMs HaONIoJaeTcs pe3Koe  yMEHbLIEHHE 00beMOB padOoT MO XMMUYECKOH
MEJIMOpalKi 3eMellb, HOPM BHECEHHs] OPTaHWYeCKHX M MHHEpabHBIX ynoOpenuii. To ects,
HAJIMIO TEHAEHLMS K AKCTEHCU(UKALMM 3eMJICeNHs, YTO SBISIETCS NPUYMHOM yXyHlleHue
arpo(M3MYECKOro COCTOSHUS TMOYB M 3eMenb. ll0ATOMYy aKTyanbHBIM SIBISIETCS BOIIPOC
pa3paboTKW W BHEApPEHHs Ha OOrapHbIX 3eMJISIX Iora YKpauHbl ONTHUMAJIbHONH CHCTEMBI
MUHEpAIbHBIX M OPTraHWYEeCKHX YyIOOpeHW ¢ yKa3aHWeM WX JI03 M COOTHOIICHHUH ISt
oOecrieyeHHs CTaOMIBHO BBICOKHX YpOXAaeB CEIbCKOXO3SIMCTBEHHBIX KYJBTYP INpPH YCIOBUHU
COXpaHEHHsI ¥ TIOBBIMICHHS TUIOA0POANS TTOYB.

OnvH U3 OCHOBHBIX MOKa3aTelae IUIOAOPOAMs, OT KOTOPOro 3aBHUCHT YpPOBEHb BCeX
arpo(M3MYECKMX CBOWCTB TOYBHI, SIBISIETCS €T0 MaKpO - W MHUKPOCTPYKTypa. BrusHme
CHCTEMaTHYEeCKOI0 BHECEHHs yAOoOpeHuil Ha ¢u3uveckue MokKas3aTelad IMOYBBI, B YaCTHOCTH
TPaHyJIOMETPUYECKU W MHKpPOArperaTHbIi COCTaB, YYEHBIMH OIICHWBAETCS JIOBOJBHO IIO-
pasHomy. ITo BBIBOJIaM OTJENBHBIX aBTOPOB MPHU MOBBIIIEHUH HOPM MHUHEPAIbHBIX yI10OpeHUH
CTPYKTYpHO-arperatHoe coctosiuue mous yxyamaercs (I'opkyn,1978; I'ninenxo,1970; Henpura,
lamacyn, 2018). B ombiTax Ha 4epHO3eMax OMOJ30JCHHBIX, JIMTEIHbHOC HPUMEHECHHE
MUHEpAIGHBIX  yIOOpEeHUIl He YXYALUIMIO CTPYKTYpPHOCTh TIOYBBL, a OPraHUYECKHX U
OpraHOMHUHEPAIBHBIX - crtoco0cTBOBaNO ee ynyuinenuto ([ocnogapenko, Tpyc, 2011).

[IpencraBnser WHTEpPEC HM3YYHTh M OIEHHUTH arpOQHU3UUECKOE COCTOSHUE YepHO3eMa
IOKHOTO TpH JUIUTEJIBHOM NPUMEHEHMH OpraHO-MUHEPAIBbHBIX M MHHEPAIbHBIX CUCTEM
yIOOpEHUs ¥ UX TTOCIIEACHCTBUH.

Lenpto HAMMX MCCIEIOBAaHUN OBLIO U3YYUTh BIUSHUE Pa3IMYHBIX CUCTEM yIOOpeHHs Ha
¢du3nUecKrue CBOMCTBA YEPHO3EMOB FO)KHBIX.

Jlnst mocTrKeHUs 1esiu paboThl ObUTH MOCTABIIEHBI CIEAYIOIINE 3a1a4H:

- TIPOAHAM3UPOBATH PE3YIbTATHl U3yUSHHS TPAHYJIOMETPHUECKOTO W MHKPOArperaTHOTo
COCTaBa YePHO3EMOB 0KHBIX IIPU JITUTEIHLHOM MPUMEHEHUH Pa3InYHbIX CHCTEM YAO0OpEHHUS;
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- UCCJIEIOBATh OCHOBHBIE MOKA3aTEIN CTPYKTYPHOTO COCTOSIHUSI YEPHO3EMA F0KHOTO MPU
JUIUTETILHOM MIPUMEHEHUHU PAa3HBIX CUCTEM yIO0OpEHMUS;

- CpPaBHHUTH BIUSHUE JIUTEIHLHOTO MPUMEHECHHS yMOOpEHWH M WX TOCIEACUCTBUS Ha
arpou3nyecKue CBOWCTBA YepHO3EMa F0KHOTO.

MATEPUAJ U METO/IbI
UccnepoBanusi mpoBOAMIUCH B MPUPOAHO-KIMMATUYeCKOW 3oHe —  CrTemb;
arpornouBeHHas npoBuHiusa — CC — 1: Crenp cyxoil [IpuuepHOMOpPCKMI B IJIUTEIBHOM

CTAallMOHAPHOM IIOJIEBOM OIBITE OT/AENa IOYBOBEACHUS, arpoOXMMHUU, W OPraHUYECKOIo
npou3BoAcTBa OECCKOM roCyIapCTBEHHOU CEIbCKOXO03IMCTBEHHOUM onbITHOM cTraHumu HAAH,
3aJI0)KEHHOM Ha YEpPHO3EMax HKHBIX TSKEIOCYINIMHUCTBIX B 1972 rogy. OmbIT B HaType
pa3BepHYT Ha YEThIPEX IMOJIAX, IOBTOPHOCTH - TPEXKPATHASL.

[Iponuto miecTh poOTalUili IMOJEBOTO CEBOOOOPOTA; B TMEPBBIX YETHIPEX POTAIUSIX
MUHEpaJIbHbIE YA0OPEHHs BHOCUIIUCH Ha IBYX (JOHAX HABO3a, B CIEAYIOLIUX JABYX - B KauecTBe
OpPTaHWYECKOTO yMOOpEHUS WUCIONB30BAIHM CHJEpaThl. MUHEpalbHbIC YAOOpEHUS BHOCWIH B
BU/JIC AMMHMAYHOM CEMUTPHI, cynepdocdara MpocToro rpaHyIMPOBaHHOTO U KAJTMHHON COJIH.

[Inouianp 3€MEHTapHOrO ydyacTKa 10CTaTO4YHO Oosbiias (240 KB. M.), YTO MO3BOJIMIIO 1O
OKOHYAHUU YETBEPTOM pOTAIMHM pPAa3AECTUTh YYaCTKM UYETBEPTOro IO Ha JBE dYacTu: 1-
yI0OpeHus BHOCWIM MO MPUHSITONW cXeMe; 2 - BEIyTCsl HaOIIOJEHUs MO BCEM IOKa3aTelsiM Ha
nocneaeiicteun ynoopenuii. [lo okoHUaHUM 4eTBEPTON POTAIMK OJAMHApPHAs HOpMa yIoOpeHuit
Ha |1 Ta ceBOOOOPOTHOI TUIOMIAM cocTaBmwiia B cpeaHeM: pou 1 — 7,8 1/ra HaBo3a, ¢on 2 — 12,1
T/ra u oguHapHod HopMbl NPK (B xr a.r. Ha ra) - 30,9, 27,6 u 24,0; 10 OKOHYaHUH IMIECTOMN
poranuu — 6,8 1/ra, 9,9 1/ra u 34,4 kr/ra, 25,8 kr/ra u 23,3 kr/ra, coorBercTBeHHO. [loyHas
dakTopuagbHas cxema OIbITa COCTOUT U3 17 BapHaHTOB, U3 KOTOPBIX B CTAThe MPEACTABICHO
Tpu: 1Be opranuueckue - gon 1 (P1); ¢on 2 (P2) m MuHepanbHas, IJe Ha TIeKTap
CEBOOOOPOTHOM MIIOIIAIH B cpeiHeM BHeceHO Nsi gP3g 7Kss o.

JIMUTEeNbHOCTh MCCIIEIOBAHUNA TIO TPSMOMY JACHCTBUIO cuUcTeM ynoOpenuit 45 Jjer,
nocneaeiicteuio — 12 mer. B kadecTBe KOHTpONsA [Jsi CpaBHEHHs, B JaHHOM cllydae,
MCIIOJIB30BAJIM PE3yIbTaThl aHaIM3a 00pa3lioB ¢ TOYBEHHOTO pa3pe3a, KOTOPBIM ObUI CIeIaH Ha
y4acTKe CTAaI[MOHAPHOTO OMbITa, YTO NPEACTaBIsT COOOM BapHaHT HUBKOM KYJIBTYpPbI
3emiiesienus, T1ie eXeroqHo B teuenue 45 netr sHocwiu 0,4 T/ra opraHuku, 8 Kr j.B./ra a3ora u
no 4 kxr a.B./ra ¢ocdhopa M Kaius, 4TO COOTBETCTBYET CpPEAHECTAaTUCTHUYECKHM Ludpam mo
VYkpaune 3a nepuoa ¢ 1992 no 2015 rog (kpome TaHHBIX arpOXOJIAUHIOB).

Ot60op 00pa3IoB MOUYBHI OCYIIECTBIISIIN IO OKOHYAaHWU poTauuid u3 cios 0-30 cm.
[ToaroToBka 00pa3loB K aHaNW3y H aHaIW3 MPOBOAWUIM TO CTAaHAAPTHBIM METOJHKAM:
MUKpOArperaTHbId ¥ TPaHyJIOMETPUYECKHI COCTaB TTOYBHI - METOIOM MUIIETKH B MOIU(DUKALINN
M. A. Kauunckoro coriacHo meroaunkam MBB 31-497058-011-2005 u MBB 31 - 497058-010-
2003; cTpyKTYpHO - arperaTHbIA COCTaB OMPEAEISIN CUTOBBIM METO/IOM B Moaudukanuu M. U.
Cassunosa (JICTY 4744:2007).

JIis OleHKH BIUSHUS JUIUTEIBHOTO TNPUMEHEHHSI Pa3UYHBIX CHCTEM U YpOBHEH
ya00peHus: B C€BOOOOPOTE M UX TMOCIEICUCTBHUS HA YPOBEHb OCTPYKTYPEHHOCTH U CIIOCOOHOCTH
K arperaiiy 4YepHO3eMa FOKHOTO MBI BBIMIOJHUIM CpPaBHUTENBHBIE aHATU3bl M PacdyeThl
pa3nuuHbIMU MeTosaMu: (hakTop aucnepcHocTy no Kaunnckomy [1965, c.164], cTpykTypHOCTH
no ®@arenepy (Mensenes, bynurin, Birinpkuit, 2018, ¢.57) u mo A.®. Bantonunoii (Bantonuna,
Kopuaruna, 1986, c. 64), crenenu arperatHocTtH 1o beiiepy u Poanecy (Mensenes, bynurin,
BitBinpkuit, 2018, ¢.95). IlomyueHHple naHHBIE OOpaOOTaHBI METOJOM MaTeMaTHYECKON
CTaTUCTHUKH.
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PE3YJIbTATBI U OBCYKJIEHUE

CpaBHUTENBHBIM aHAIM3 U OLIEHKA arpOQHU3NYECKOr0 COCTOSHUS YepHO3EMa F0KHOTO B
YCIOBUSAX HHU3KOM KyJIbTYpPbl 3€MIICNEIUS, NCUCTBHA W IIOCICACHUCTBUSA DPA3HBIX CHCTEM
ynoOpeHust mnpuBeneHbl B Tabnunax 1, 2. Pe3ynbpTarhl onpeaeneHus CTPYKTYPHOTO COCTOSIHUS
IIOYB IPEJCTABJICHHbIC B Tabiuuie 1 [aloT OCHOBaHMsS YTBEPXkAaTh, YTO YEPHO3EMBbI HOXKHBIE B
YCIIOBHUSIX HU3KOM KYJNbTYpbl 3€MIICIEIUS XapaKTEPU3YIOTCS BIIOJIHE YAOBJIETBOPUTEIbHBIM
COCTOSTHUEM.

Tabmuma 1. XapakTepucTika GU3NIECKUX CBOWCTB YepPHO3EMa I0)KHOTO TPH HU3KOH KyJIbType

3eMIIeIeNus
Hokasatemn CIo# MOYBHI, CM
0-29 29-41
®Paxrop nucnepcHoctr o Kaunmackomy, K 53 51
dakTop crpykrypHocTH 10 Parenepy, K. 94,7 94,9
Crenens arperatHocTH 10 beiiBepy u Poagecy, K, 74,5 87,2
['panynoMeTpuuecKuii MoKa3aTelb CTPYKTYPHOCTH TOYBBI IO 493 527
O. ®. Bagronunoi, P, ' '
IInoTHOCTB CTpOCHHS, r/em® 1,34 1,37
Copepxanue arperaton pasmepom >10 mm, % 43,7 43,5
Cymma arperaros 0,25-10 mm, % 77,9 54,5
Cywma arperatoB 0,25-5 MM, % 53,7 34,8
Koaddumment ctpyktypHOCTH 1,67 1,20
CymMma BogonpouHsIx arperatoB > 0,25 mm, % 41,7 69,7
Koaddurment BogonpouHocTH 0,44 0,50

Cpenu OTAENbHBIX TPYII arperaroB JOMHUHHPYIOT Makpoarperarsl pasmepom o6ozee 10
MM. Ilo mikaje OLEHKH CTPYKTYpHOIO COCTOSIHMSI IIOYB YEpPHO3EMbI IOXKHBIE HCCIEayeMOi
TEPPUTOPUU XAPAKTEPU3YIOTCS yJIOBIETBOPUTEIBHBIM CTPYKTYPHBIM cocTossHUEeM. ConepikaHue
Me3oarperaroB pazmepom 0,25-10 mm cocrtaBisier oT 54,5% B MOANAaXOTHOM TOPU3OHTE 0
77,9% B maxotHoMm. Cpenu Me30arperatoB B COOTBETCTBHH C MOP(OJIOTHYECKHUM H3YYECHHUEM
IOYB IpeobalaloT KOMKOBAThIe arperaTbl U B HE3HAUUTEIbHOM KOJIMYECTBE NMPHUCYTCTBYIOT
3epHUCThIE U opexoBaThle. Hanbomnee arpoHoMuuecky eHHbIE arperarsbl pasmepoM ot 0,25 1o 5
MM COCTaBJIIOT 69% B maxoTHOM U 64% B NOANAXOTHOM TFOPU30HTE OT CYMMBI ME30arperaTos
pasmepom 0,25-10 mm umm okosno 43% u 35% or cymmsl Bcex arperatoB. Koadduument
CTPYKTYPHOCTH TPEBBINAET 1, YTO BIOJHE ECTECTBEHHO [UIsI COBPEMEHHOIO arperaTHoro
cocTosiHUSl 00pabaThIBaeMbIX 1M0YB (Tad. 1).

OnHMM M3 BaXXHBIX CBOWCTB CTPYKTYPHBIX arperaToB sBJIETCA MX BOJOCTOMKOCTB.
CyMMa BOJOCTOMKHX arperaTtoB B Mpoduiie UCCIENyEMBIX MOYB HECKOIBbKO mpebimaeT 40%.
[To cymmMapHOMY COAEp)KaHUIO BOJOCTOMKHMX arperaroB Oonee 0,25 MM JaHHBIE IOYBBI
OILICHMBAIOTCSI XOpOLIe M B MOJOPHOM TOPH30HTE OTIMYHOM BojocroiikocThio (LllenH u
Kapnauesckuii, 2007).

Ha muioTHOCTH CTpOoeHMs MOYB BIMSET UX MHUHEPATOTUYECKUH, TPaHYJIOMETPUYECKUN
COCTaB U COZAEPKaHNE OPraHUYECKOro BelecTBa. [[MOTHOCTh Max0THOTO TOPU30HTA YEPHO3EMOB
FOXKHBIX cocTaBisier 1,34 u mommaxotHoro — 1,37 r/em® (tabmn.1). Ilpu Takol MJIOTHOCTH
CTPOEHHS NAITHS OLIEHUBAETCS KaK O4eHb yrutotHeHHas mo H. A. Kaunnckomy (1965).

I[lo  rpaHynoMeTpUYecKOMY  COCTaBy  HCCJEIOBAaHHBIE  YEPHO3EMBbI  IOXKHBIE
TSOKEJIOCYTJIMHUCTOTO ~ CcOCTaBa.  Pe3ynbTaThl  ONpenesieHHs  T'PaHyJIOMETPHUYECKOro U
MHUKpOArperaTHOro cocTaBa IoKa3ajid, 4YTO B UCCIeyeMbIX OYBaX YeTKO JOMUHHUPYET (QpaKIus
rpy6o# neiu - 0,05-0,01 MM, (Tabm.2).
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Tabmwuma 2. I'panyIoMeTpUIeCKA 1 MHUKPOArperaTHBIM COCTaB YOPHO3EMa I0XKHOTO MPH JTUTSITHLHOM
MCIIOIb30BaHUM PA3HBIX CHCTEM M YPOBHEMH ymo0penocTu (cioi mousst 0-30 cm)

ConeprkaHue TPaHYJIOMETPHYCCKUX (Qpakiuii, %o %
Bapuanr 1- 0,25- | 0,05- 0,01- 0,005- < e * * *
: 0 : g K K, K, P,
omira | 025 | 005 | 001 | 0005 | 0001 | <0901 | 0,01
MM MM MM MM MM MM MM

JeticTBue ynoOpeHuii

- 5,08 | 43,26 9,66 12,60 29,4 51,7
o1 71| 929 | 776 | 449
2,16 | 20,56 | 58,38 9,66 7,14 2,10 18,90

- 1,96 | 47,77 7,54 11,73 31,0 50,3
o2 54 | 946 | 904 | 46,2
2,25 | 18,14 | 59,50 | 10,47 7,96 1,68 20,11

- 193 | 44,44 8,80 12,99 31,8 53,6
N1 5P15Ks 5 26 | 974 | 909 | 481
1,68 | 19,44 | 60,02 8,80 9,22 0,84 18,86

[MocneneiictBue ynobpenunit

- 9,08 | 40,23 | 10,47 10,89 29,3 50,7
o1 43 | 957 | 605 | 47,6
2,56 | 20,44 | 58,56 8,80 8,38 1,26 18,44

- 2,81 | 46,92 7,54 12,15 30,6 50,3
o2 55 | 945 | 859 | 459
2,21 | 17,76 | 59,92 | 10,47 7,96 1,68 20,11
Nsy 6P35,7Ks3s, - 4,12 | 44,47 9,19 12,12 30,1 51,4

0 14,65 | 20,15 | 44,72 | 11,28 6,27 2,93 20,48

*K — ¢pakmop oucnepchocmu no Kauunckomy, Kc — gpaxmop cmpyxkmypnocmu no @acenepy, Ka — cmenens
aepecamuocmu no beiisepy u Poaoecy, Pc — epanynomempuueckuii noxazamens cmpykmyprocmu nousst no O. @.
Baownunoti.

9,7 | 90,3 | 88,2 | 458

3Hauenue Qaxrtopa aucnepcHoctd (K) B udepHO3eMax IOXKHBIX B YCJIOBUSX HHU3KOM
KYJIbTYpbl 3emilefiesius M omnblTa He mpesBblatoT 10 %, 4TO XapakTepuszyeT IOYBbI Kak
cnabomucneprupoBanibic (Mensenes, bynwrin, Bireinpkuii, 2018). M3 paccMaTpuBaeMbix
BapHaHTOB OIbITA TOJBKO Ha IOCIEACHCTBUM MUHEPAJIbHOW CHUCTEMBI YAOOPEHHS IOUBbI
HaOJr01aeTCsl HECKOJIBKO MEHee YCTOHYMBas MHUKPOCTPYKTYpa, a 3HAYUT M IOTEHLHUAJIbHAs
CIIOCOOHOCTh K arperaiuu Takxe Huke. COOTBETCTBEHHO (PaKTOp CTPYKTYPHOCTH, KOTOPBII
ABJISIeTC OOpaTHOM BENMYMHOM K (haKTOpPy IUCHEPCHOCTH U XapaKTepH3yeT BOJOCTOHKOCTH
MHUKpPOArperaToB M MOTEHIUAIbHYIO CIOCOOHOCTH IMOYBBI K OCTPYKTYPHUBAHMIO, COCTaBISET
6osee 90 % — nmoyBa xopoio arperupoBana. Camast BbICOKasi OTEHIMAIbHAs CIOCOOHOCTh OYB
K OCTPYKTYpPUBAaHMIO OTMEYAaeTCs Ha BapUaHTE JUINTEIBHOIO TNPUMEHEHUS MUHEPAJIbHBIX
y1oOpeHnil. AHAJIOTUYHBIM BBIBOJ OTMEYAETCs MO pe3ysbTaTaM pacyera rpaHyJIoMeTpUYeCcKOro
nokazateins ctpykrypHoctu o O. @. BagroHuHoiM.

Takum o00pa3oM, NO KOJIMYECTBEHHBIM MapameTpaMm, (pakTopaMu AUCHEPCHOCTH U
CTPYKTYPHOCTH YEPHO3EMBbI I0XKHBIE B YCIOBHUSAX OIbITA XapaKTEPU3YIOTCA B 1IEJIOM BBICOKOM
MHUKpPOArperupoOBaHOCTbI0 UM, B IMPHUHIMIIE, HE 3HAYUTEIBHO OTIMYAIOTCA [0 CUCTEMaM
y100peHust IOYBBI.

B 10 ke Bpems no crenenu arperatHocTH beiiBepa u Poaneca (Ka), koTopslif yunThiBaeT
COOTHOILIEHUE AarpOHOMHMYECKH II€HHBIX MHKpoarperatoB pasMmepom Oonee 0,05 MM u
KOJIMYECTBO TPAaHYJOMETPUYECKUX DJIEMEHTOB COOTBETCTBYIOLIETO pa3Mepa, HCCIEoyEeMble
nouBbl cornacHo (Kapmauesckuit, 1965) xapakTepu3yrTCs XOpOIICH, BBICOKOW U OYCHb
BBICOKOM MuKpoarperupoBaHoctbto — or 60,5 no 90,9%. IlpoBeneHHble wHcclieq0BaHUA
MOKa3ajM, YTO B YCJIOBUAX HHM3KOH KyJIbTYphl 3eMjenenus U Ha BapuaHte goH 1 (HaBo3 T/ra
CeBOOOPOTHOM MIIONIA/IN) MUKPOArpErnpOBaHOCTh YEPHO3eMOB Xopoasi. [ToBblieHne crenenu
arperatHoctu 6ornee 90% ykasplBaeT Ha yJaydlleHHE BOJONPOYHOCTH CTPYKTYpbl YepHO3eMa
I0O)KHOTO M OYEHb BBICOKYIO €r0 MHUKpPOArperupOBaHOCTb IPHU JUIMTEIBHOM IPUMEHEHUU
OpTraHWYECKOW CHUCTEMBbI yHoOpeHus TMO4YBHI B n03¢ 12,1 T/ra ceBOOOOPOTHOW IUIOMIAA W
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MUHEPATBHOU MPH 103€ Ha eUHUILY ceBo0OOpoTHOM mutomanu Ns; 6Pag 7Kss o.

BbIBO/IbI

CornmacHo pe3yiapTaTaM T'PAaHYJIOMETPHUYECKOTO, MHKPOArperarHoro, CTPYKTYPHO-
arperaTHOr0 AaHaJM30B, OICHKM CTEIEHW MHKPOArperupoOBAaHOCTH M CIOCOOHOCTH K
OCTPYKTYPHBAHHUIO YEPHO3EMBI I0JKHBIC HAa UCCIICyeMbIX BapHAHTaX XapaKTEPU3YIOTCS B IIEIIOM
BBICOKOH MHKpPOArperipoBaHOCThI0 W HE 3HAYUTEIBHO OTIMYAIOTCSA IO CHCTEMaM yJI0OpeHUS
[IOYBHI.

Tak, B yCIOBUSIX HU3KOM KYJbTYphI 3€MIICJICITHS 3a UCCIICAYyEeMBbIil IIEPHUOJI HE OTMEUASTCs
3HAUUTENBHOTO YXYAIIEHUS arpodu3ndeckux cBOUCTB. C MOBBIIECHUEM HOPMBI OPTaHUYECKHUX U
MUHEPATBHBIX YIOOPCHHMH CYIIECTBEHHO BO3PAacTaeT MX IOJIOKHUTEIbHOE JCHCTBHE Ha
CTPYKTYpHOE COCTOSIHHE 4YepHO3eMa I0KHOro. OpraHuyecKkue W MUHEpaldbHBbIC yI0OpEHMUS,
MpUMEHsEMbIE CUCTEMaTH4YeCKu B ceBooOopore (HaBo3 12,1 T m Ns;eP3g7Kss0 Ha rekrap
CEBOOOOPOTHON TUIOMIA/IN) OTIANYAIOTCS MMOJIOXKHUTEIHHBIM BIUSHAEM Ha arperaruio 4epHo3emMa
FO’KHOTO.
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Abstract. A comparative characteristic of the physico-chemical properties of typical chernozem used in
agriculture for a long time and are presented. Comparison of the humus content in a typical natural
chernozem (1877) with arable typical chernozem from present-day showed that over 140 years the humus
content decreased by 43.2% of the initial amount of humus. The physico-chemical properties of the
modern typical chernozem are characterized as satisfactory. Maintaining the speed of annual reduction
of humus content presents a significant ecological and economic danger for Moldova.

Key words: Chernozem, Degradation, Dokuchaev, Humus, Soil profile.
INTRODUCTION

The emergence of chernozem as a unique phenomenon of the Cenozoic era in the history
of Earth, according to V.V. Dokuchaev, is an “eternal breadwinner” for many countries of
Western Europe, including and Republic of Moldova. But, unfortunately, the last two centuries it
suffered total degradation, i.e. a large number of specific degradations associated with each
other, and sometimes completely independent of each other. All of them are united by the
anthropo-technogenic nature of their causes that gave rise to them (Kpymnenuxos, 2008).

"Only by knowing the ancient physical and geographical processes in their chronological
sequence can one come closer to understanding the modern mechanism of natural phenomena
and give a reasonable forecast for their future development” (Xoruuckuii, 1981). In this sense,
the results of Moldovan soil researched by V.V. Dokuchaev over 140 years ago are of great
importance for understanding the modern processes of evolution and degradation of soil in the
region under the influence of natural and anthropogenic factors.

MATERIAL AND METHODS

The purpose was to evaluate the quality status of typical chernozem after 140 years of
researched by the scientist — world famous Russian naturalist Vasile V. Dokuceaev. The
evaluation allows us to decide on the current situation regarding the degradation of the
chernozems. The comparative analysis of the literary sources with an adequate content of
experimental data allows us to make certain conclusions regarding the intensification processes
ofchernozem degradation.

RESULTS AND DISCUSSION

In 1877, Dokuchaev V.V. first visited Bessarabia and examined black soils. He surveyed
the chernozems of the wide flat surface of the Dniester highest terrace, on a plot located in the
vicinity of the present-day village of Napadova, the former Soroca district. He was interested in
chernozem, and in this respect the Naradova's profile played an outstanding role in his research.
Narodova at that time administrative division belonged to the Soroka district; therefore,
Dokuchaev called this sample "Soroka’s chernozem". Under this name, it is known in the history
of soil science (Kpynenukos, 1996).

Dokuchaev was interested in materials that could characterize the origin of chernozems
and their main features as a special type of soil. In the study of Napadova soil profile, he was
accompanied and helped by the local landowner N.K. Ergiu. As indicated by Kpynenukos
(1996), Dokuchaev, wanting to see the normally developed soils of Bessarabia, about 4-6 miles
from Napadova, among perfectly flat of natural area (the highest Pliocene terrace of Dniester
river), laid the soil profile. This soil profile was characterized by the following structure:
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A (0-61 cm) — the soil horizon, confused by a mass of living and extinct plant roots, the
soil seemed completely black loose mass.

B (61-91cm) — the transitional horizon with traces of molehills.

C (> 91cm) — the typical loess with a mass of cranes.

Dokuchaev noted: “The local chernozem seemed to me so typical in 1877 that I attributed
it to first-class then” (Kpymenukos, 1949; 1996). A sample soil was taken for analysis, which
was produced in the winter of 1877-78 in the laboratory of mineralogy of St. Petersburg
University by analyst Ogloblin. The humus content in the soil sample was 5.718% (Kpynenukos,
1967, 1996). This humus content seemed to Dokuchaev not high enough, both in comparison
with the chernozems of the eastern provinces, and as if contradicting the black color of the soil.
Unfortunately, the researcher didn't pay enough attention to the extremely high soil thickness
that was 91 cm (tab.1).

Table 1. Morphological parameters of typical chernozem in different research years

Indicators / Years 1877 1960 2003 2010

Horizon A 0-61 0-44 0-50 0-48

thickness, B 62-91 45-92 51-98 49-95

cm C >92 >93 >99 >96
Effervescence from 92 from 65 from 70 from 70

The availability of accurate information about the humus content in 1877 in the upper
horizon of the Napadova chernozem profile is very important in the sense that it makes it
possible to determine the rate of degradation of the humus state of already plowed soil by the
quantitative determination of this indicator in subsequent years.

Repeated studies of the Napadova chernozem were carried out in 1960 by Krupenikov
I.A. (1967), and in 2003 by Ursu A.F. with researchers (Ursu, et al., 2003). For the purpose of
Moldovan soil monitoring; the most complete studies of the Napadova black soil composition
and properties were performed by scientists of the “Nicolae Dimo” Institute of Soil Science,
Agrochemistry and Soil Protection in 2007-2008 (Cerbari, 2010). In continuation, we present the
location of typical black soil profiles (Fig.1), the type of profile structure (Fig.2), theaverage
statistical data of composition and properties for five soil profile obtained as a result of the
researches.

Fig. 1. Location of black soil profiles at the monitoring site

The Napadova arable chernozem, the virgin (natural) profile of which was described by
Dokuchaev in 1877, is currently characterized by the following type of profile:
Ahpl (0-20 cm) — Ahp2 (20-35 cm) — Ah (35-48 cm) — Bhl (48-69 cm) — Bhk2 (69-95 cm)
— BCkI (95-120 cm) — BCk2 (120-150 cm) — Ck (150-200 cm).
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Carbonates in the form of pseudomycelia, bieloglaska spots and small fragile cranes are
confined in the BC horizon. The BC2 horizon is covered by molehills (Leah et al., 2010).

Fig. 2. Profiles of Napadova: arable (a) and natural (b) typical chernozems investigated in 2008

Comparison of the Napadova chernozem profile structure described by VV Dokuchaev in
1877 and the chernozem profile described by us in 2010 indicates their uniformity. The only
difference is that the upper part of horizon A, described by Dokuchaev as a loose black mass,
and currently as a result of agricultural use turned into a 0-35 cm arable layer that lost its ability
to compaction resistanceas consequence of intensive tillage and reducing the quantity of organic
matter in the soils. The arable layer of modern chernozem was divided into two parts according
to its composition: the upper part, 0-20 cm, artificially crushed and loosened by annual tillage;
and the lower part, 20-35 cm, secondarily strongly compacted with a prismatic structure (Leah T.
& Leah N, 2011, 2012; JIsx T &JIax H, 2012).

The tables 2 - 6 present the average data regarding current state of mechanical
composition, physical and chemical properties, and changes in the humus content of the
Napadova chernozem at the present time, which allows determining the degradation levelafter
over 140 years of its examination by V.V. Dokuchaev.

Table 2. Granulometric (mechanical) composition of the arable typical chernozem

. The soil particle-size, mm; the content, %
o | 1-025 | 925 | 005- 1 0011 0005 1 4051 | <001
o 0.05 0.01 0.005 0.001 ' '

Ahpl 0-20 - 13.2 41.4 6.9 9.7 28.8 45.4
Ahp?2 20-35 - 14.2 40.3 6.9 9.9 28.7 455
Ah 35-48 - 12.9 41.2 6.3 10.5 29.1 45.9
Bhk1 48-69 - 12.6 42.0 6.9 10.1 28.4 45.4
Bhk?2 69-95 - 12.5 42.0 7.0 10.9 27.6 45.5
BCk1 95-120 - 11.8 42.4 6.6 12.1 27.1 45.8
BCk2 120-130 - 11.1 43.5 6.2 12.2 27.0 45.4
BCk2 130-150 - 11.9 41.7 6.0 13.0 27.4 46.4
Ck 180-200 - 12.1 40.7 6.5 13.2 27.5 47.2
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The particle-size composition of the Napadova investigated chernozem has the following
genetic features: 1) uniform content of almost all particle-size fractions along the soil profile; 2)
relatively high content of fine sand fraction (11-14%) and low content of silt fraction (27-29%),
which is typical for Pliocene deposits, but not typical for loess loamy soils, subaerial origin of
the central part of Moldova which is characterized with a fine sand fraction of 5-7% and silt
content of 36 - 38% (Leah T & Leah N, 2011, 2012).

The above features of the particle-size distribution and the fact that this soil is classified
as clayey-loamy, close to the lower limit of this gradation, explains the relatively low humus
content noted by V.V. Dokuchaev in the virgin (natural) soil. Data on the current structure state
and physical properties of the Napadova chernozem (2010), after 133 years of studies by V.V.
Dokuchaev are present in table 3 and 4.

Table 3. The average statistical parameters (X * s) of the structural composition of arable typical
chernozem (numerator - data of dry sieving, denominator - data of wet sieving)

Horizon Diameter of structural fractions (mm); content,% Structure Water
and ¥>10 + ualit resistance
depth, cm = Sz ULz <0.25 (dr?/ siev?/ng) structure
Ahpl 35.8+17.8 3.4+1.3 60.8+16.2 37.2 medium medium
0-20 - 53.946.0 46.1+6.0 53.9
Ahp2 71.6+13.7 1.6+0.6 26.8+12.7 73.2 unsatisfactory medium
20-35 - 48.6+8.2 51.4+8.2 48.6
Ah 16.5+2.0 3.5+0.7 80.0+2.8 20.0 .
3548 i 52082 | 48.0+8.2 52.0 good medium

Artificially created by tillage the structural state of the current arable layer of this soil is
of medium quality. The structure of the lower part of 20-35 cm of the former after 2002 year
arable layer 0-35 cm is of unsatisfactory quality. Water resistance of structural aggregates is
medium for all soil horizons.

An integral indicator of the qualitative state of the soils physical properties is density of
the soil in its natural state. According to this indicator, the modern 0-20 cm arable layer is
weakly compacted (1.31 g/cm®). The lower part (20-35 cm) of the former 0-35 cm of the arable
layer became very compacted (1.65 g/cm?), practically impermeable to the plant roots, which can
penetrate deeper only along cracks.

Table 4. Indices of physical properties of arable typical chernozem

Silt Physical Hygros- Densit
Horizon and | <0.001 clay?/<0.01 cHg/p%[:?fy g/(?pip of solid deB#s'i'iy ;gt;‘t'
depth, cm mm mm coefficient phase P % Y
content, % glcm®

Ahpl 0-20 | 28.8 45.4 4.2 6.0 2.60 1.31 49.6
Ahp2 20-35 | 28.7 45.5 4.1 5.9 2.61 1.65 36.8
Ah 35-48 | 29.1 45.9 3.9 5.9 2.62 1.34 48.8
Bhkl 48-69 | 28.4 45.4 3.8 5.8 2.63 1.49 43.3
Bhk  69-95 | 27.6 45.5 3.7 5.8 2.65 1.50 43.4
BCkl 95-110 | 27.1 45.8 3.4 5.8 2.66 1.45 45.5
BCk2 120-130 | 27.0 45.4 3.2 4.8 2.67 1.44 46.1
BCk2 130-150 | 27.4 46.4 3.1 4.8 2.69 1.43 46.8
Ck 180-200 | 27.5 47.2 3.2 4.8 272 1.42 47.8
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The table 5 - 7 presents the data on the current state of some chemical properties of the
Napadova chernozem after 133 years of its examination by V.V. Dokuchaev.

Table 5. Average statistical indicators (X * s) of the physico-chemical properties of arable typical

chernozem

Horizon and " CaCO; | P,Ostotal | Humus | Ntotal _—

depth, cm PPzo %, g/g '
Ahpl 0-20 6.5+0.1 0 0.11+0.01 3.25+0.14 0.15+0.01 12.6+1.3
Ahp2 20-35 6.6x0.1 0 0.10+0.01 2.97+0.13 0.14+0.01 | 12.3+1.0
Ah 35-48 6.71£0.1 0 0.09+0.01 2.60+0.13 0.13+0.02 | 11.6x1.5
Bhkl 48-69 7.0£0.3 0 - 2.13+£0.29 - -
Bhk2 69-95 7.7£0.2 5.4+2.2 - 1.35+0.28 - -
BCk1l 95-120 8.0£0.2 13.0£3.8 - 0.86+0.08 - -
BCk2 120-130 8.1+0.1 15.0£3.5 - 0.68+0.01 - -

Table 6. Average statistical parameters (X = s) of the cation - exchange capacity and
hydrolytic acidity of arable typical chernozem

Genetichorizons and Ca™ Mg*™ rCa”"+ Mg Hydrolytic acidity
depth, cm mg-eq./100g soil
Ahpl 0-20 22.9+1.7 2.910.4 25.8+2.1 2.6x0.2
Ahp2 20-35 23.412.0 2.920.5 26.3+1.7 2.3x0.2
Ahk 35-48 23.9+1.4 3.1+0.6 27.1+0.5 1.7+0.1
Bhk1 48-69 24.1+1.1 3.1+0.8 27.2+0.8 1.1+0.1
Bhk2 69-95 22.6x2.7 2.7+0.6 25.3+2.2 -
BCk1 96-120 21.0+2.0 2.7+0.8 23.7+t1.4 -
BCk2 120-130 19.7+1.7 2.4+0.6 22.0+6.8 -

Table 7. Changes in the humus content in arable layer of typical chernozem after its examination by V.V.
Dokuchaev in natural version and nowadays

Horizon 1877, 1960, Change in humus content 2010, Change in humus
and depth, natural arable over 83 years arable content over 50 years
cm (1877-1960) (1960-2010)

Ahpl 0 0 -1.97% or 0 - 0.50% or 0.010%
0-20 cm 5.72% 3.75% 0.024% annually 3.25% annually
- 0, 0,
Ahp2 i 3.65% i 2 97% 0.68% or 0.014%
20-35cm annually

The investigated typical chernozems do not contain carbonates and has a favorable
slightly acid reaction for growth and development of crops cultivated in Moldova. On the other
hand, this soil, like most Moldovan soils, is poor in the content of total and mobile forms of
phosphorus.

From 1877 to 1960 - the beginning of intensive farming period (data by Krupenikov L.A.,
1967 and Ursu A.F., 2003), the humus content in arable soil layer 0-20 cm decreased as a result
of agriculture use (under plowing) from 5.72% to 3.75%, i.e., by 1.97% or 0.024% annually.
During the intensive agriculture period, from 1960 to 2010 (the initial period of the agrarian
reform), the humus content in the arable layer 0-20 cm over 50 years decreased from 3.75% to
3.25%, i.e., by 0.50% or 0.01% annually.

Another calculation shows that in period from 1877 to 2010 the typical chernozem lost
2.47% of humus or 0.017% annually. This means that, for 133 years, the typical chernozem has
lost 43.18% of the initial amount of humus. This is the situation after two trips of Dokuchaev to
our territory in 1877 and 1898 years.
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Currently, due to the non-use of organic fertilizers and lack of perennial and annual
leguminous grasses in crop rotation, the process of humus lost (dehumification) in the
chernozems is only intensified (Leah, 2017).

The problem of humus in Moldovan chernozems is very acute: how much was it and how
much is left in present? Dokuchaev has very little data on the humus content, they are single.
Starting material for comparison is a bit.

Another difficulty is that the modern humus content in soils does not have a reliable
quantitative characteristic (JIsx, 2012). According to the humus content of chernozems, data
were compiled as of the mid-70s of the last century (Craructuueckue ..., 1978). The data on the
results of agrochemical studies for 4 cycles and Monitoring studies conducted in 2007-2008 were
also summarized. More than 10 years have passed and the humus content has decreased; we have
practically no modern data at least for an indicative comparison.

“Being the owners of the best soils in the world, we are now in a difficult situation and
are forced to admit the sad state of agriculture in the zone of chernozems and steppes. To find the
right way out of all the agricultural difficulties of this zone, indicating the exact and practical
ways to solve the problems mentioned - that’s the challenge posed at present ...” (Krupenikov,
1996). This quote from Dokuchaev’s book "Russian Chernozem", 1883, fully characterizes the
situation we are in, regarding chernozems.

According to lumo H.A. (1958),“...all of the above allows us to consider as one of the
main tasks of Moldavian soil scientists the most thorough study and establishment of the content
and reserves of humus laws in all types and subtypes of soils. In this case, the definitions and
calculations should be combined with the conditions of soils occurrence: relief and its slopes,
parental rocks, development degree of soils on the slopes and the state of their erosion, the
limitation of its cultivation, and other”.

In his brochure «The soils of Moldova, the tasks of their study and the most important
features», N.A. Dimo (1958) notes and other important tasks those are relevant today. Soil
scientists should organize research, both geographic and stationary, especially on the moisture
balance, organic and mineral substances, biological factors and processes in the soil, the study
and establishment of the total phosphorus content, trace elements and a number of other scattered
elements in the Moldavian soils.

“Chernozem can and should be called the king of soils; it is, so to speak, ideal soil ...
thus, it is ideal, the best of the best soils ... ", noted Dokuchaev in 1883, quoted by Krupenikov
(2008).

CONCLUSIONS

1. The studies by V.V. the Dokuchaev concerning the Napadova typical black soil
marked the beginning of the soil cover study in the Republic of Moldova and the creation of a
national school of soil scientists led by academician NA Dimo (student of V.V. Dokuchaev).

2. Conducted by Dokuchaev studies of the Bessarabia soils allowed him to once again be
convinced of the correctness of the teachings he created: on the factors and processes of soil
genesis and their importance in formation of the modern soils profile; about zones of nature,
horizontal and vertical soil zones; on the plant-land origin of chernozems and other soils.

3. Conducted V.V. Dokuchaev after Napadova, the route studies of Bessarabia soils
allowed him to conclude: "It is hardly possible to indicate in Western Europe the area more
interesting in terms of soil than the Bessarabia province" (Kpynenukossi, 1949).

4. Comparing the characteristics of the past natural black soil studied in 1877 with arable
typical chernozem characteristics studied on the same field in 2007 gives opportunity to assess
the degree of recent high degradation of typical chernozem as a result of long use in agriculture.
Factors limiting productivity of the chernozems are compaction of arable layer, low content of
humus and nutrients.
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5. Changing the technological process of growing plants should be directed towards
increasing the content of organic matter and nutrients in soil and implement a rational system of
tillage would conduct in loosening of compacted soil layer.

6. Maintaining the speed of annual reduction of humus content presents a significant
ecological and economic danger for Republic of Moldova.
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ACTIUNEA FERTILIZATOARE A INGRASAMINTELOR MINERALE
ASUPRA CULTURILOR DE CAMP PE CERNOZIOMUL CARBONATIC
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str. lalovenil00, mun. Chisindu, Republica Moldova, MD-2070,
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Abstract. The article presents the results regarding the harvest and crops quality in cereal rotation: peas
for grain, winter wheat, maize for grains and sunflower on carbonic chernozem in the conditions of the
agricultural year 2017-2018. The action of the mineral fertilizers on the harvest levels was determined
depending on the applied doses. The best options are the following: in peas - dose of 30 kgN/ha on a
background of 3.5 mg P,0s/100 g of soil, winter wheat and corn for grains - Ni,P35 and sunflower -
NgoP25 - all in the same dose of 60 kgK/ha. Dose of N1,0P,5Kgg increased the wet gluten content of winter
wheat by 8%, and the IDG was 86 cer.un. The fertilizers acted poorly on the mass of 1000 grains -1,5-5,0
g on the average.

Key words: field crops, productivity, carbonatic chernozem, mineral fertilizers.
INTRODUCERE

Problema asigurarii nivelelor de recolta nalte si calitative la culturile de cAmp ramane
actuald. Printre factorii determinanti sunt: umiditatea solului si asigurarea plantelor pe parcursul
vegetatiei active in doze optime cu elemente nutritive. Conform datelor statistice situatia
fondului funciar Tn anii 2017-2018 au constituit in total 3384,7 mii ha dintre care terenuri
agricole 2496,6 mii ha sau 73,8%, terenuri arabile -1832,3 mii ha sau 54,1% (Anuarul Statistic,
2018). Cernoziomul carbonatic ocupa o suprafata totald de 493,2 mii ha sau 14,5% sub teren
arabil 380,000 mii ha ori 11,9%. Suprafata majoritard 322,600 mii ha se intalneste in partea de
Sud a republicii.

In raionul Causeni sunt 174,961 mii ha, teren arabil 103,679 mii ha. Suprafetele
insamintate in anul 2017 au constituit 1532,9 mii ha, grau de toamna si porumb pentru boabe
335,6-481,4 mii ha, leguminoase 34,6 mii ha si floarea-soarelui 384,9 mii ha. Recolta globala la
cereale si leguminoase a alcatuit 3354,8 mii tone din care graul de toamnd 1250,7 mii tone,
porumb pentru boabe 1772,5 mii tone sau 25,5%, leguminoasele 69,0 mii tone cu doar 2,3%, iar
floarea-soarelui 803,8 mii tone. Recolta medie a alcatuit la graul de toamna 37,3 g/ha, porumb
prntru boabe 37,0 g/ha, culturi fabacee 20,0 g/ha, floarea-soarelui 20,9 g/ha. Din contul fertilitatii
efective se poate de obtinut 26 g/ha de grau de toamna, 31 q porumb pentru boabe si 15 q
seminte de floarea-soarelui. Fertilizarea culturilor de camp cu ingrasaminte chimice azotate si
fosforice majoreaza nivelul recoltei cu 20-25%. Actualmente starea fosforica a solurilor este
scazuta 1,2-1,5 mg P,Os/100 g de sol, necesarul de azot este asigurat anual cu 74 kg/ha circa
60% si potasiu la nivel de 90% din terenuri are un grad optim ridicat.

Necesarul anual de ingrasaminte chimice pentru culturile de camp constituie 180,6 mii
tone substantd activa, inclusiv azot 82,3 mii tone, fosfor 69,9 mii tone si potasiu 28,4 mii tone
(Andries si Tiganoc, 2004). Fertilizantii chimici in anul 2017 au constituit in total 65,6 mii tone
Cu - -115 mii tone mai putin, cu azot- -38 mii tone, fosfor- -54 mii tone si potasiu- -23 mii tone
bilantul elementelor nutritive in prezent rimine profund negativ. In medie au fost introduse sub
forma de s.a. (NPK) la culturile cerealiere 82,9 kg/ha, porumb pentru boabe 62,4 kg/ha si
floarea-soarelui 46,2 kg/ha.

MATERIALE SI METODE

Cercetarile s-au efectuat la statiunea experimentala de lunga durata fondata in anul 1960
din satul Grigorievca, raionul Causeni pe cernoziom carbonatic luto-argilos. Indicii agrochimicii
medii Tn stratul 0-30 cm la varianta nefertilizata indica un continut de humus - 3,07%, azot total -
0,161%, fosfor total- 0,123%, N-NOs- 1,02 mg/100 g de sol, P,0s- 0,78 mg/100 g de sol si K,O-
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33 mg/100 g de sol (Cerbari, 2010). Scopul experientei consta in monitorizarea in dinamica a
impactului ingrasdmintelor minerale asupra stdrii de calitate a cernoziomurilor carbonatice si
actiunea lor asupra recoltei si calitatii culturilor de camp.

Asolamentul cerealier are urmatoarea rotatie a culturilor: mazare boabe-grau de toamna-
porumb pentru boabe si floarea-soarelui. Lucrdrile agrotehnice sunt indeplinite conform fiselor
tenologice specifice zonei de Sud a tarii. Schema experientei este alcatuita din 4 campuri in 4
repetitii, fiecare repetitie consta din 16 variante. Suprafata unei parcele elementare este 100
m.p./4 x 25 m. Ingrasamintele cu fosfor au fost aplicate toamna la lucrarea de bazi a solului si cu
azot primavara la graul de toamna faza de infratire, mazare boabe 2-4 frunze, porumb pentru
boabe 3-5 frunze si floarea-soarelui 2-4 frunze adevarate.

Scontarea recoltei s-a indeplinit la maturizarea culturilor pentru mazarea boabe si graul
de toamna prin metoda snopului de pe 1 m.p., iar la porumb pentru boabe si floarea-soarelui Tn
rinduri conform directiei de semanat de pe fiecare parcela elementara. Calitatea boabelor graului
de toamna s-a determinat in laboratorul de Agrochimie prin spalarea glutenului la determinarea
continutului de gluten umed, IDG-ul la aparatul IDK-1M. Analizele s-au Tndeplinit conform
STAS-urilor existente, la mazare boabe STAS-28674-90, grau de toamna STAS-9353-90,
porumb pentru boabe STAS-13634-90 si floarea-soarelui STAS-22391-89.

REZULTATE SI DISCUTII

Pentru obtinerea recoltelor inalte in Sudul Moldovei la utilizarea efectiva a
ingrisamintelor de catre plante factorul limitator este insuficienta de umiditate in sol. In
rezultatul observatiilor multianuale media multianuald de precipitatii constituia 476 mm. In
perioada de vegetatie aprilie-august normele variaza de la 158 mm pina la 444 mm fata de media
multianuald 254 mm. Regimul termic multianual constituie +12,5°C se observa o majorare peste
norma cu +0,5..+1,8°C.

Toamna anului 2017 a fost calda si cu precipitatii. Temperatura medie a aerului pe
parcursul sezonului de toamna (septembrie-noiembrie) a constituit in teritoriu +5,3..+19,0°C,
fiind cu +0,1..+1,3°C mai ridicata fata de norma. Deosebit de multe precipitatii au cazut in luna
octombrie, cand suma lunard a acestora a constituit 48 mm sau 179% din norma lunara.
Insuficienta rezervelor de apa utild in sol au creat conditii nefavorabile pentru pregéatirea patului
germinativ §1 semdnatul graului de toamna in termen optim cu deplasarea in a doua decada a
lunii octombrie. La sfirsitul lunii octombrie la graul de toamna s-a semnalat incoltirea semintelor
si rasarirea. In a doua decada a lunii noiembrie graul se afla in faza frunzei a treia si infratirea.
Deplasarea termenilor de semanat au intarziat termenul de recoltare cu 2 saptamini. Depunerile
atmosferice au constituit in perioada septembrie-martie - 317 mm sau cu 143% mai mult decit
norma multianuald, temperatura aerului +5,3°C cu +0,5°C a fost majorata, iar umiditatea relativa
- 78% formindu-se conditii favorabile procesului de aerovizare la graul de toamna.

Tn iarna anului 2017 au cizut in total precipitatii 136 mm sau peste 145% din norma,
temperaturile au oscilat -1,0..+2,3°C, starea granelor fiind caracterizatd buna. Umiditatea relativa
- ridicata.

Primavara anului 2018 regimul pluviometric a fost 117 mm sau 140% peste norma, iar
regimul termic cu valori normale +0,5..+19,1°C si umiditatea relativa 68%. Intirzierea primaverii
meteorologice cu 3 saptaminii din cauza precipitatiilor din luna martie cu peste 3 norme fatd de
medie si lipsa precipitatiilor din luna aprilie cu trecerea brusca la temperaturi majorate au format
la suprafata solului o crusta cu grosimea de 5-10 cm ce a influentat negativ asupra sistemului
radicular la toate culturile pe cernoziomul carbonatic. Au fost deplasati termeni optimi de
pregatire a patului germinativ. La mazare si floarea-soarelui, lipsa precipitatiilor au cauzat o
rasarire neuniforma, iar densitatea plantelor s-a micsorat cu 20% la hectar. La porumbul pentru
boabe termenul de semanat a fost optim cu o rasarire uniforma, iar la sfirsitul lunii mai culturile
erau Tn fazele de inflorire la graul de toamna si mazare boabe, porumbul pentr boabe 5-7 frunze
si floarea-soarelui 4-6 frunze.
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Vara anului 2018 a fost mai caldi, de obicei, cu precipitatii. Inceputul verii
meteorologice, pe cea mai mare parte a teritoriului tarii a avut loc in perioada 9-11 aprilie, fiind
cu o luna mai devreme.

Temperatura medie a aerului pentru acest sezon a constituit in teritoriu +21,9..+24,3°C,
fiind cu +0,9..+4,7°C mai ridicatd fatd de norma. Temperatura maxima a aerului pe parcursul
verii a urcat pina la +37°C. Vreme calda pe teritoriul tarii s-a semnalat in primele doud decade
ale lunii iunie si august, cind temperatura medie decadica a aerului a fost in fond cu +3,2..+5,8°C
mai ridicata fatd de norma. Cantitatea de precipitatii pe parcursul sezonului au constituit 189 mm
sau 122% din norma. Precipitatiile in decursul sezonului s-au semnalat predominant in a doua
jumadtate a lunii iunie si in luna 1ulie a treia decada cu peste 8 norme. Regimul termic ridicat si
deficitul de precipitatii, care s-a semnalat in prima jumatate a lunii iunie si in decursul lunii
august, au contribuit la epuizarea rezervelor de umiditate in sol, ceea ce a conditionat micsorarea
intervalului dintre fazele vegetative la mazare prin avortarea florilor, graul de toamna la
maturitatea deplind era In prima decada a lunii iulie, porumbul pentru boabe a fost slab afectat
fiind In faza de ceard, floarea-soarelui la umplerea achenelor si coacerea deplind precoce. in
perioada 1 august—20 septembrie vremea caniculara cu deficit semnificativ de precipitatii, a dus
la aparitia secetei puternice. In luna august depunerile au constituit 16 mm sau 35% din norma,
iar temperatura lunara peste medie cu +4,8°C (Tabelul 1).

Cantitatea de precipitatii ale anului agricol au constituit 545 mm cu 114% peste norma,
temperatura +12,8°C cu o depasire +0,3°C, iar umiditatea relativd 69%. Perioada de vegetatie la
culturile agricole au constituit 260-270 de zile. Regimul termic ridicat si insuficienfa de
precipitatii din luna august au influentat considerabil asupra cresterii si dezvoltarii plantelor la
formarea recoltelor.

Tabelul 1. Indicii meteorologici in conditiile anului agricol 2017-2018 la statiunea experimentala,
s.Grigorievca, r-nul Causeni

Indicii meteorologici Lunile Anul
IX-IL | IV | V| VI | VI VI IV-VIIL | agricol

Precipitatii, mm 317 0 39 41 132 16 228 545
Media multianuala, mm 222 32 47 72 60 43 254 476
Devierea, % 143 0 83 57 220 37 90 114
Temperatura aerului, °C 5,3 135 (191|219 22,9 | 24,3 20,3 12,8
Media multianuala, °C 4,8 151 | 19,6 | 24,7 | 22,1 | 19,5 20,2 12,5
Devierea, °C 0,5 -16 | -05 | -28 | 0,8 4.8 0,1 0,3
Umiditatea relativa a aerului, % 78 65 56 61 68 50 60 69

Administrarea Ingrasamintelor cu azot in anul 2018 au influentat pozitiv asupra nivelului
de recolta. La formarea 1 t de boabe mazarea consuma 50-60 kg azot, 15-20 kg fosfor si 25-28
kg potasiu (Recomandari...2012). Recolta anului 2018 a avut un nivel scazut care se datoreaza
vremii caniculare. La varianta nefertilizata recolta a fost 14 g/ha, fertilizarea in doza de 60
kgN/ha pe fonduri de fosfor mobil de la 2,0 pina la 4,0 mgP,0s/100 g de sol a majorat recolta
nesemnificativ 15,1-18,7 g/ha sau sporurile au constituit 7,9-33,8%. Recoltele modeste obtinute
indica o valorificare mai eficienta la aplicarea a 30 kgN/ha pe 3,5 mg de fosfor mobil cu nivelul
recoltei de 17,9 g/ha si sporul 28,3%.

Fertilizarea graului de toamnd cu 1 q azotat de amoniu primavara devreme majoreaza
recolta cu 2,5-3,0 g/ha, 1 kg de azot se recupera prin 8-10 kg boabe. Sporul recoltei depinde si de
asigurarea cernoziomului carbonatic cu fosfor care determina actiunea azotului (Yuaruna, 1979).
Recolta la varianta martor a fost 27,2 g/ha la varianta Ni20P35Keo nivelul maxim de recolta a
constituit 44,8 g/ha sau 75,7%. Celelate variante fertilizate cu NPK la majoritatea recoltele au
fost de 27,6-48,0 g/ha si au sporit in medie cu 35% (Tabelul 2). Din experientele
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academicianului Luchianenko P.P. (1960) administrarea a 30 kgN/ha s.a., pe fond NgsPssKsp a
majorat continutul de gluten umed cu 4%. Profesorul Zagorcea C.L. (1972) a stabilit ca aplicarea
a 90 kgN/ha si mai mult asigurd obtinerea unui nivel de recoltd ridicat cu insusiri tehnologice
nalte. Calitatea graului de toamna in anul agricol 2017-2018 dupa continutul de gluten umed a
fost ridicata atit la martor 21,7% cit si la variantele fertilizate cu valori cuprinse la 26,9-31,2%.
Indicii de deformare a glutenului au constituit la martor-90 un.c si cele fetilizate 67-102 un.c.,
grupa de calitate la majoritatea variantelor au fost a Il-a si a IlI-ea. Masa a 1000 de boabe la
martor 28,7 g si s-au majorat cu 1,4-5,5 grame (Tabelul 3).

Cercetarile efectuate pe cernoziomul carbonatic de catre Gojinetcaia A.A. (1965 si 1967)
a demostrat ca conditii favorabile de nutritie a plantelor se creaza la aplicarea ingrasamintelor
azotat-fosforice. Totusi Ingrasamintele azotate sunt cel mai efective pe un nivel de fosfor optim
asigurat. Fertilizarea cu ingrasaminte fosforo-potasice influenteazd foarte slab asupra recoltei
(BaitaGepr, 1980). In anul 2018 recoltele porumbului pentru boabe au fost cele mai nalte la
martor 50,8 g/ha doza 120 kgN/ha pe toate fondurile de fosfor s-a manifestat cu nivele cuprinse
intre 57,8-80,4 g/ha ceea ce se observa o dinamica ascendenta conform sporului de recolta de la
13,8% pina la 58,4%. Varianta cu fosfor si potasiu a demonstrat ca porumbul pentru boabe este o
planta inalt consumatoare de azot si nefertilizarea sau fertilizarea in doze mici permite sporirea
recoltei pind la 14%, ceea ce demonstreaza o actiune directd a azotului in asigurarea nivelului
ridicat de recolta.

Tabelul 2. Recolta culturilor de cdmp pe cernoziom carbonatic Tn anul agricol 2017-2018

Variantele Cultura
Azot, kg/ha P,0s K0 Mazire Floarea- Grau de Porumb
Mazire Grau de boabe soarelui toamna boabe
boabe, toamna,
Floarea- | Porump | ™M9/2000desol 1l % |qmal % | qna | % | qha| %
soarelui boabe
Martor absolut 14,0 - 10,1 - 27,2 - 50,8 -
60 120 2,0 60 151 | 79 | 13,7 | 349 | 38,2 | 405 | 73,1 | 43,9
60 120 25 60 156 | 11,3 | 148 | 46,1 | 37,3 | 37,0 | 71,2 | 40,1
60 120 3,5 60 15,7 | 126 | 148 | 455 | 47,8 | 75,7 | 80,4 | 58,4
60 120 4,0 60 16,1 | 15,4 | 14,8 | 46,3 | 42,7 | 56,9 | 76,9 | 51,5
0 0 3,5 60 145 | 38 | 108 | 6,9 | 34,7 | 276 | 545 | 7,3
30 30 3,5 60 179 | 283 | 11,2 | 10,7 | 37,2 | 36,8 | 57,8 | 13,8
45 60 3,5 60 18,3 | 31,1 | 13,4 | 31,7 | 40,3 | 48,0 | 60,2 | 18,6
60 90 3,5 60 18,7 | 33,8 | 136 | 34,0 | 37,0 | 36,1 | 67,3 | 32,6

Elementul nutritiv Tn asigurarea recoltei la floarea-soarelui este continutul de fosfor mobil
in sol. La formarea a 1 t de seminte soiurile si hibrizii omologati de floarea-soarelui extrag din
sol 40-50 kg azot, 18-22 kg fosfor si 70-80 kg de potasiu. Pe cernoziom carbonatic s-au stabilit
din experientele de camp, se recomanda aplicarea a 60 kg azot, 90 kg fosfor si 60 kg potasiu
(Yuruna, bounuan. et al, 1990). Recolta florii-soarelui la martor a fost de 10,1 g/ha si s-a
majorat pind la 14,8 g/ha la variantele NgoP2535.40Ke0 UN spor procentual maxim 46,3%.
Aplicarea dozei 60 kgN/ha pe fondurile de fosfor 2,0-2,5 mgP,0s/100 g de sol au fost obtinute
recolte de la 13,7 g/ha pinad la 14,8 g/ha de seminte. Sporul s-a majorat seminificativ in conditiile
de seceta puternica cu 34,9-46,3%. Majorarea de la 2,5 cu 0,5 mgP,05/100 g de sol pina la 4,0
mg de fosfor mobil au actionat nivelul recoltei.
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Tabelul 3. Calitatea graului de toamna pe cernoziom carbonatic, al anului agricol 2017-2018

Varianta Glutenul IDG Grupa de Masa a 1000 de
Azot P,0O5 K,0 umed calitate boabe
kg/ha mg/100 g sol kag/ha % un.c. g
Martor absolut 21,7 90 1 28,7
120 2,0 60 31,2 102 Il 31,5
120 2,5 60 29,6 86 Il 30,5
120 3,5 60 29,6 101 11 32,7
120 4,0 60 31,2 98 Il 32,9
0 3,5 60 20,3 76 I 33,5
30 3,5 60 29,2 67 I 30,8
60 3,5 60 26,9 96 Il 32,0
90 3,5 60 28,2 94 I 31,8
CONCLUZII

Depunerile atmosferice Tn anul agricol 2017-2018 au constituit 545 mm cu 114% mai
mult fatd de media multianuala, temperatura aerului +12,8°C a fost mai ridicata cu +0,3°C. Lipsa
precipitatiilor din lunile iulie-august au influentat direct asupra recoltei instaurind seceta
puternica.

Mazérea boabe a avut cel mai mic nivel de recolta 14 g/ha la martor. Fertilizarea in doza
optima 30 kgN/ha pe fond 3,5 mg de fosfor mobil a sporit nivelul pina la 28%.

Recolta la graul de toamna la martor a fost 27,2 g/ha la varianta N120P35Keo a crescut pina
la 75%. Continutul de gluten umed a fost ridicat la martor 21,7%, variantele fertilizate 28,4-
31,2%, IDG-ul la martor 90 un.c si 67-102 un.c la fertilizare. Grupa de calitate a Il-a si a IlI-ea.
MMB-ul a alcatuit la martor 28,7 g, crescand cu 1,8-4,2 g.

Porumbul pentru boabe a avut cel mai inalt nivel de recoltd la martor 50,8 g/ha,
administrarea dozelor 120 kgN/ha pe toate fondurile de fosfor, au sporit recolta de la 14% pina la
58%. Lipsa azotului pe fond de PK demonstreaza, ca porumbul este o planta inalt consumatoare
de azot.

Recolta florii-soarelui la martor a constituit 10,1 g/ha, aplicarea dozei 60 kgN/ha pe
fondurile de fosfor 2,0-2,5 mgP,0s/100 g de sol a majorat recolta cu 35-46%.
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Abstract. The adoption of the 2016-2021 Strategy of International Land Coalition (ILC) sets an
unprecedented importance for ILC on bringing about transformation in land governance at country level.
After the adoption of the Strategy by all ILC members in 2013, the 10 commitments for people-centred
land governance (PCLG) have become the structure and inspiring principles by which ILC’s efforts will
be organised, In this context, through various approaches, ILC supports its members in promoting the
PCLGs, mainly via the formulation and implementation of National Engagement Strategies (NES) in
priority countries. The Country Assessment of the respective commitments was performed as a starting
point for informed consultation and strategic decision making in order to benefit from this opportunity.
The following commitments in priority areas of action were assessed: secure land rights, strong and
small-scale farming systems, diverse tenure systems, equal land rights for women, secure territorial
rights for Indigenous Peoples, locally-managed ecosystems, inclusive decision-making, transparent and
accessible information, effective actions against land grabbing and protected land rights defenders. The
commitments provide a benchmark in working towards the realisation of the Voluntary Guidelines for
Responsible Governance of Tenure and other internationally agreed instruments. According to the
assessment, Moldova has a functioning but limited framework for land governance and only partially are
in line with 10 commitments for PCLG.

Key words: ILC, land, governance, PCLG, commitments.

INTRODUCTION

NGO BIOS became an ILC member in 2013. ILC collective goal as a network is to
realise land governance for and with people at the country level, responding to the needs and
protecting the rights of those who live on and from the land. To guide our individual and
collective efforts to achieve land governance for and with people, ILC’s members agreed on 10
commitments in priority areas of action: secure land rights, strong and small-scale farming
systems, diverse tenure systems, equal land rights for women, secure territorial rights for
Indigenous Peoples, locally-managed ecosystems, inclusive decision-making, transparent and
accessible information, effective actions against land grabbing and protected land rights
defenders. The commitments are an expression of our common vision, a guide ILC's work at all
levels of action under our Strategy for 2016-2021. They are a compass for the work of ILC
members, and they provide a useful focus to others with a transformative agenda on land rights.

Since its independence from the Soviet Union in August 1991, Moldova has taken
significant steps to strengthen the legal and institutional framework for the transition of
agriculture from a centralised to a market-oriented sector as part of the country’s wider economic
changes processes. However, changes to the legal framework and decisions made over this
period have not succeeded in bringing about essential economic and social changes in agriculture
and rural development.

The Study is based on assessment of the legal framework, publications, the land related
materials, the findings of the relevant projects and reports of the development partners of
Moldova.

RESULTS AND DISCUSSIONS

The main laws that establish land policy in the Republic of Moldova are: the
Constitution, the Land Code, the Civil Code, the Law on state land structure, state land cadastre
and land monitoring, the Law on immovable property cadastre, the Law on normative price of
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land and procedure of land purchase and sale, the Law on real estate formation, the Law on lease
in agriculture, the Law on public property management and privatization, the Law on forest
reclamation of degraded land and the Law on Lands in Public Property and its Demarcation, etc.

All Moldovan citizens enjoy the right to own private property. Land Code is outdated and
stipulates unclear and non-transparent procedures for land allocation. The existing provisions are
of declarative nature while the criteria and mechanisms of allocation are defined by a local
advisory body. Their decisions tend to be discretionary and non-transparent. Likewise, the
criteria for allocating land to gardening associations and secondary residencies are unclear.

The process of privatization of agricultural land took place in two stages between 1990
and 2001 years. As the result, being offered property titles, rural population received in private
property plots of agricultural land. Although land plots were distributed fairly, most of the plots
proved to be small, and the property - fragmented. The main achievements of the National Land
Program were: the creation of an institutional framework of cadastral units, the establishment of
a cadastral information system and the privatization of 98% of the agricultural land that was
subject to privatization. Serious errors have been made regarding the interpretation and
implementation of legislation that partially compromised agricultural reforms, the inadequacy of
land allocated in kind with that indicated in the property title, and the problem-solving
mechanism is missing. There is lack of pedological regulations, which leads to erroneous
interpretation of land management, including soil degradation and environmental pollution.

The rural land market is less attractive, information on demand, offer and land
transactions is lacking, the capital needed for agricultural modernization is missing, agricultural
structures are weak, agricultural holdings are poorly competitive, and there are large surfaces of
degraded land, etc. Possession and use rights and joint ownership of land are not regulated,
which can result to violation of rights. The legal provisions for individuals’ wanting to privatize
their share of common property are not clear leading to difficulties in implementation.
Ownership rights on agricultural and forest land are unclear in cases of “legal owners whose
share capital does not include foreign investments”. It is necessary to improve the existing legal
framework according to international requirements.

Moldovan agricultural sector is composed of two major sub-sectors: corporate sector
comprising large companies and the individual sector that includes peasant farms and household
land in private property. The rural population involved in farming activities can be divided into
three categories: (i) small, low-income small-scale farmers who cultivate their land and grow
their own animals without the help of anyone with limited access to credit; (ii) small, medium
and large rural entrepreneurs - "leaders" - who have consolidated the land in large fields and
lease the land of rural residents, sometimes financially supported by investors; they are the major
driver of economic development in rural areas, representing a significant part of employment
(permanent and seasonal); (iii) rural residents who lease whole or part of their land to "leaders",
they represent about 70% of rural residents and are not employed in agriculture.

Lack of specialists and of human capacities at local level, lack of transparency,
disinformation due to mass media monopoly, small size of agricultural fields, fragmentation,
lack of facilities for small farmers, limited commercial character of agricultural production
significantly influences the income of agricultural producers, purchase capacity and their ability
to invest in the real sector of the rural economy.

The land tenure typology has three main classes of ownership: state property (23,1%),
property of LPAs (20,9%), and private property (56%). Currently over 76% of the agricultural
production are the contribution of private holdings and only 26% are produced by state holders.

Moldovan citizens have free access throughout the forest for recreational purposes, crop
free products of the forest for their own consumption unless the harvesting is carried out on
sectors under the recreation or artificial, or from the specifically arranged places.

Water fund lands can be state public property, public property of the LPAs, or private
property. Individuals and legal entities may become owners of ponds; construct water reservoirs,
hydro-technical facilities, other facilities and channels located on private land. State-owned
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enterprises may be awarded use rights and management obligations for land from the water fund,
erecting constructions, other facilities in public property, based on the decision of the
Government or the LPASs decisions.

Lack of delimitation causes conflicts contributing to the uncertainty of ownership for
adjacent people and within public lands that carry out agricultural, grazing and forestry activities.
The legal provisions regarding the administration of public property contain discrepancies
related to the mandated public body that will sign the lease of state land and public property. The
competences related to the management of private property held by the State, its use and its lease
are defined in an ambiguous manner.

Public property records are kept by the Public Property Agency (PPA). Some of most
important deficiencies related to public land management and reported by the PPA are: the
illegal alienation of state land belonging to the state companies; the seizure of state real estate by
tax authorities and their alienation in lieu of paying off debts, and cases where state land is used
by companies undergoing bankruptcy to pay debts to creditors. Transfers of ownership and land
use rights owned by the state follow a clear process, with collected income while the process is
being monitored and accounted for. Trading public lands is done by public auction.

The mandates of some institutions are overlapping. Thus, some of the fields of activity of
the Agency for land Relations and Cadastre (ALRC) have been transmitted to other central
public authorities, which at present do not have the competences and possibilities to administer
them, which led to the blocking and creation of bureaucratic impediments. The reforms of the
Government have led to the suspension of the activity of the state-owned enterprises, whose
main activity is to solve the problems of the land.

The most important actions to ensure gender equality in the Republic of Moldova are the
following: ratification of Convention on Elimination of all forms of Discrimination against
Women (CEDAW) in 1994, ratification of the ILO Convention concerning Discrimination in
Employment and Occupation in 1996 and the ILO Convention on Equal Remuneration, 1951.
The National Programme for gender equality for the years 2010-2015, provides for a
comprehensive approach to issues related to implementation of the principle of equality between
women and men, and contains provisions designed to ensure implementation of the
commitments assumed by our country by ratifying international instruments in the field of equal
opportunities.

Despite these regulations, the progress in the area of ensuring gender equality is still
slow. Based on the Concluding CEDAW Observations regarding Moldova, the Committee
voiced its concern regarding the persistence of patriarchal attitudes and deeply rooted stereotypes
on the roles and responsibilities of men and women in family and society. It is noted that such
attitudes and stereotypes are the core causes of the (1) disadvantaged position of women in
political and public life in the state-party; (2) violence against women in the state-party; and (3)
gender segregation, as reflected in the educational choices of women and girls and the options
for job selection. Violence against women in Moldova is serious and widespread. Commissioned
by the UN in Moldova in 2011, the study Violence against Women in the Family conducted by
the National Bureau of Statistics, found that 63 per cent of women experienced psychological,
physical or sexual violence from their husband or partner and one in 10 experienced economic
violence at least once. Rural, elderly and separated or divorced women had the highest rates of
multiple types of violence.

According to the Recommendations on Indigenous Peoples’ Rights, the Republic of
Moldova should regularly consult with indigenous peoples on matters of interest to their
communities, to support their rights to traditionally owned lands and A/HRC/WG.6/22/L.10 23
resources and to adopt measures to effectively protect sacred areas of indigenous peoples against
environmental exploitation and degradation.

The Republic of Moldova is party to 18 international environmental conventions. Special
units or offices have been set up, in order to organize and monitor the implementation of
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international conventions and agreements, but international ratified conventions are not
transposed into national laws.

The provisions of sustainable land use and management are included in the National
Strategy on Environment for 2014-2023, The National Strategy on Agriculture and Rural
Developmentfor 2014-2020, Strategy on Biological Diversity for 2015-2020, National Strategy
for Sustainable Development of the forestry sector for 2004-2020, The National Programme for
Conservation and Enhancement of the Soils’ Fertility for 2011-2020, Program of conservation
agriculture for 2014-2020, The State Program of Forest Restoration and Forestation of the Forest
Fund Land for 2003-2020, etc. Despite institutional strengthening, sustainable development has
not yet emerged as a core principle of policy development in the country. The legal framework
does not specifically lay out the responsibilities of the central public authorities regarding rural
development issues nor does it set criteria for inter-institutional cooperation. There are two main
potential sources of conflict in the way that rural issues are dealt with: a tendency to extensively
interpret the core competence of each of these authorities and the availability and potential
management of funding. On the other hand, as a result of the Structural Reform of the
Government, the Ministry of Agriculture Regional Development and Environment is created
instead of Ministry of Agriculture and Food Industry, Ministry of Environment and Ministry of
Construction and Regional Development. Thus, there are conflict of interests within the same
Ministry. There is lack of transparency in utilization of public funds for soil conservation and
amelioration.

There are some Laws and Procedures to Facilitate Participatory Policymaking: Moldova
joined the Open Government Partnership (OGP) in April 2012. There is no agency to co-ordinate
the public consultation process. The Strategy for the Development of Civil Society in Moldova
in 2012-2015 and the accompanying Action Plan provide for the creation of a separate body at
the governmental level for co-operation with civil society. In practice, the Government appointed
one person responsible for co-operation with civil society in the Department of Policy Co-
ordination and Strategic Planning of the State Chancellery. Relations between the Parliament and
civil society are governed by the Concept of Co-operation between Parliament and Civil Society,
adopted by the Parliament Decision No. 373 of 29 December 2005. In 2010, the Government
created the National Participation Council (NPC), a consultative body composed of 30 CSO
representatives selected by the Government. However, the NPC mandate expired in 2014 and till
now NPC did not work. The current legislation of the Republic of Moldova does not provide for
public input in their development. Public input is not requested in the process of drafting and
amending forest land use plans. In some cases, land policy decisions that affect certain
communities are taken without consulting those affected. In addition, reporting on land policy
implementation is sporadic and does not allow for significant progress monitoring in certain
areas; where is does, the results are sometimes not publicly available.

Law No.239 on Transparency in the Decision-Making Process (2008) sets out standards
and procedures on the involvement of citizens, associations and other concerned parties in the
decision-making process both at the national and local level. According to the Law, the non-
application of the rules on transparency constitutes a disciplinary sanction. Law no. 239 requires
that government, regional and local authorities make publicly available detailed information on
issues of large interest. This is not fully respected by first-level authorities (city and village level)
because they lack adequate human and financial resources to publish the information.

The Government Decision N0.188 of 2012 requires an increase in the level of
transparency of public authorities and access to public information through official websites, and
establishes mandatory minimum requirements for the official websites of public authorities. This
includes the requirement to publish information about new policies, legislation, strategic
documents, and reports on transparency in the decision-making process.

The Government created an open government portal, www.particip.gov.md, where all
drafts are published before adoption, to increase participation in decision-making. The
Government and ministries publish the texts of draft laws and the corresponding Informative
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Notes on this site. Moreover, individual ministries’ websites have a page dedicated to “decisional
transparency” where draft laws are published for consultation. From the date of their publication,
there is a deadline of 10-15 days for comments on draft legislation. In 2014, 10 out of 16
ministries published reports on decisional transparency. The ministries held consultations on 9%
of draft laws in 2013 and on 14% in 2014. Local authorities held consultations on 24% of the
documents they adopted in 2013 and on 33% in 2014.

Management of public lands is characterized by the lack of transparency and efficiency.
The responsibilities are not clearly assigned resulting in institutional overlaps. The
implementation of land policies needs to be transparent with publicly accessible and
standardized monitoring procedures and progress reports. There is no legal framework directly
dedicated to the large-scale acquisition of property rights over agricultural land in the Republic
of Moldova. However, ALRC is a public body authorized by the Government to acquire land for
investment and infrastructure purposes by means of expropriation. There are no data on large
scale land acquisitions in the country. Widespread corruption, especially within the judicial
sector, continued to be the most significant human rights problem during the year. The
monopolization of local media, which allegedly served the interests of a few political figures,
was an obstacle to freedom of expression and the availability of unbiased information.

CONCLUSIONS

Moldova has a functioning but limited framework for land governance. In most cases, the
legal framework does not provide a basis for conflict resolution. Overcoming and contradictory
character of normative regulations in the field of land relations, lack of functional capacities of
central authorities to quickly and efficiently adjust the legal framework; the lack of an efficient
coordination in the process of drafting and adopting normative acts, as well as the lack of
effective mechanisms for involving the population in decision making lead to erroneous
interpretation of land legislation and its poor implementation. In addition, the implementation of
laws is very problematic, often due to a lack of proper knowledge of the legal framework,
policies, and strategies for the majority of farmers, a lack of political will to implement the legal
base. The inadequacy of land allocated in kind with that indicated in the property titles led to the
fact that many farmers do not have access to their own land, while conflict resolution mechanism
is missing.
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Abstract. The Study was conducted in 2018-2019 within the National Engagement Strategy, supported by
International Land Coalition. According to our study, there are over one million cases of land rights
infringement. Thus, it is necessary to develop urgent actions to harmonise national policies with
international ones, including to commitment of International Land Coalition: - Secure Tenure Rights:
respect, protect and strengthen the land rights of women and men living in poverty. The Government and
Development Partners support correction of the committed errors in land title deeds, however due to lack
of conflict resolution mechanism for all types of errors, only some of them are corrected. The percentage
of errors after their correction in some communities exceeds 50%. As a result of Governmental reform,
the mandates of some institutions are overlapping. This inter-institutional arrangement results in a lack
of clarity over implementation procedures.

Key words: land, rights, infringement, title, error.
INTRODUCTION

The agricultural sector has traditionally played a central role in country’s economy. Since
its independence in August 1991, Moldova has taken significant steps to strengthen its legal and
institutional framework for transition of agriculture from a centralized to a market-oriented
format, as part of country’s wider economic change processes. However, changes in the legal
framework and decisions taken over this period have not succeeded in bringing about essential
economic and social changes in agriculture and rural development. According to the Human
Development Report (UNDP, 2017), in Moldova the gap between absolute urban and
rural poverty is significant — 19% of population living at poverty line in rural areas vs.
5% in urban areas. Currently, agriculture accounts for 10-12 percent of gross domestic product,
and employs about 26-28 percent of the labor force. The average sector growth rate has been
rather low over the last 28 years, mainly due to inadequacy of reforms, including the ones related
to land tenure.

The land privatization program has laid the foundation for a new economy based on
private ownership. According to the legal framework, all citizens of the Republic of Moldova
have the right to private property. The right to land ownership in the Republic of Moldova was
declared on 29 May 1991 by introducing the respective amendment in Art. 11 of the Constitution
of the country. The Parliament approved on December 25, 1991 the new Land Code, which
became a major piece of legislation to regulate land privatization. According to Land Code, more
than 1.2 million people have acquired the right to private ownership of the land. The
Government approved the National "Land" Program in 1998, (by Decision No. 1022 of
06.10.1998).

The goal of the Analytical Study was to evaluate to which extent in Moldova is respected
the ILC Commitment - Secure Tenure Rights: respect, protect and strengthen the land rights of
women and men living in poverty, ensuring that no one is deprived of the use and control of the
land on which their well-being and human dignity depend, including through eviction, expulsion
or exclusion, and with compulsory changes to tenure undertaken only in line with international
law and standards on human rights. The Study was performed by NGO BIOS in July-November,
2018 and February-May, 2019 with farmers and local public administration in rural communities
in framework of the National Engagement Strategy (NES Moldova).
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MATERIALS AND METHODS

The Study is based mainly on opinions and perceptions of beneficiaries. The following
methods were used: semi-structured interviews, focus group discussions, SWO Tanalysis,
transcend walks, studying the land related materials and others. The Study was carried out on a
sample of 212 people, 84 women and 128 men, a number of 70 communities being visited and
from another 70 we received information; however, we did not visit them. The geographical
location of businesses and respondents was also taken into account, so as to identify the views of
those in the North, South and Centre. The obtained sociological results reflect the public opinion,
real attitudes, appreciation, perceptions and wishes of the inhabitants from the survey area and
may be used with a high degree of reliance.

RESULTS AND DISCUSSIONS

There are many cases of land rights infringement which exist in rural localities and the
obtained results exceeded all our expectations (Table 1).

Table 1. Number of land owners who face land rights infringement problems in some communities

Number of land
_ Total number The perce_ntage owners V\_/ho face
No Community N P (_)f Ia}nd rights _ Iar!d rights
infringement infringement
problems

1 2 3 4 5

1 Tigheci, Leova district 1200 20% 240

2 Hanasenii Noi, Leova district 1300 70% 910

3 Filipeni, Leova district 3000 80% 2400

4 Antonesti, Cantemir district 780 4% 31

5 Sadova, Calarasi district 3000 80% 2400

6 Buteni, Hincesti district 2028 15% 304

7 Ciuciuleni, Hincesti district 3100 85% 2635

8 Miresti, Hincesti district 700 80% 560

9 Nemteni, Hincesti district 1115 25% 280

10 | Rudi, Soroca district 800 100% 800

11 | Darcauti, Soroca district 600 35% 210

12 | Bulboci, Soroca district 1000 12% 210

13 | Singerei Noi , Singerei district 1000 34% 340

14 | Izvoare, Singerei district 440 22% 97

15 | Bilicenii Noi, Singerei district 2000 40% 800

16 | Coscodeni, Singerei district 2400 24% 576

17 | Copaceni, Singerei district 1834 30% 550

18 | Prepelita, Singerei district 3000 100% 3000
19 | Cazangic, Leova district 612 7% 42

20 | Colibabovca, Leova district 600 30% 180

21 | Orac, Leova district 500 15% 75

22 | Bujor, Hincesti district 1500 1% 15

23 | Balciana, Hincesti district 900 3% 27

24 | Stolniceni, Hincesti district 900 10% 90

25 Bravicea, Calarasi district 1400 100% 1400
26 Niscani, Calarasi district 1200 10% 120

27 | Horodiste, Calarasi district 1800 25% 450

28 | Jora de Mijloc, Orhei district 2977 40% 1191
29 | Susleni, Orhei district 8000 25% 2000
30 Mitoc, Orhei district 1400 15% 210

31 | Scoreni, Straseni district 1085 50% 542

32 | Panasesti, Straseni district 2347 30% 704
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1 2 3 4 5
33 | Radeni, Straseni district 1600 30% 480
34 | Sireti, Straseni district 3300 50% 1650
35 Pelinia, Drochia district 4500 30% 1350
36 | Suri, Drochia district 3800 20% 760
37 | Chetrosu, Drochia district 3200 15% 480
38 | Popesti de Sus, Drochia district 1150 20% 230
39 | Moara de Piatra, Drochia district 900 There were no 800
40 | Pervomaiscoe, Drochia district 1050 massive 1000
41 | Antoneuca, Drochia district 235 measurements 200
42 | Baroncea, Drochia district 1222 20% 245

L Art 11 -1280 90% 1152
43 | Popeasca, Stefan VVoda district Art 12 -1280 506 64
. L Art 11 - 1400 0% 0
44 | Ermoclia, Stefan Voda district Art 12 - 2000 20% 200
45 | Cioburciu, Stefan Voda district 1200 20% 240
46 | Antonesti, Stefan VVoda district 1000 20% 200
47 | Ciutesti, Nisporeni district 1600 5% 80
. o Art 11 - 2000 5% 100
48 | Varzaresti, Nisporeni district Art 12 - 2100 50% 1050
49 | Bursuc, Nisporeni district 247 14% 35
50 | Cristesti, Nisporeni district 600 25% 150
51 | Baurci-Moldoveni, Cahul district 700 10% 70
52 | Rosu, Cahul district 2000 15% 300
53 | Manta, Cahul district 1200 20% 240
54 | Valeni, Cahul district 2674 10% 267
. . Art 11 - 400 100% 400
55 | Capaclia, Cantemir district At 12 <532 % 0
56 | Porumbesti, Cantemir district 700 10% 70
57 | Tiganca, Cantemir district 1055 10% 105
58 | Gotesti, Cantemir district 1465 5% 73
59 | Pirlita, Ungheni district 4000 10% 400
60 | Todiresi, Ungheni district 2800 14% 200
61 | Busila, Ungheni district 1000 40% 400
62 | Chirileni, Ungheni district 990 10% 99
63 | Batir, Cimislia district 2140 10% 214
64 | Selemet, Cimislia district 1600 45% 720
65 | Mihailovca, Cimislia district 860 5% 43
66 | Gradiste, Ungheni district 1890 10% 189
67 | Criuleni city 4000 40% 400
. e Art 11 - 1400 15% 210
68 | Boscana, Criuleni district At 12 - 600 50 30
69 | Magdacesti, Criuleni district 1200 15% 180
70 | Drasliceni, Criuleni district 1107 50% 555
Total: 124,495 - 39,220

The average percentage of land rights infringement in 70 visited communities is 31,5%.
According to our analyses, only in 15% of land rights infringement identified in interviews in
visited communities correspond to the information presented of LPAs to district authorities; in
the rest of the communities these differ substantially (Table 2).

74



Table 2. Comparable analyses of land owners who face land rights infringement problems in some

localities
Land rights infringement, % Number of land owners who have
Number of land rights infringement problems
No Community land- Based on Based on information Based on Based on
OWners . . presented by LPA . . information
interviews interviews
presented by LPA
1 T.|gh.eC|, Leova 1200 20 15 240 18
district
2 Hanaseny l\_IOI, 1300 70 31 910 403
Leova district
3 F_|I|p_en|, Leova 3000 80 41 2400 1230
district
4 I\/_Ilre_stl, Hincesti 700 80 77 560 539
district
5 R_udl_, Soroca 800 100 24 800 192
district
6 D_arc_autl, Soroca 600 35 12 210 72
district
7 B_|I|cen|_| l\_lm,_ 2000 40 20 800 400
Singerei district
8 Cppgcem, Singerel 1834 30 5 550 92
district
9 P.rep.ellta, Singerei 3000 100 6 3000 180
district
10 C.aza}nglc, Leova 612 7 4 42 25
district
11 Collbabc_>vc_a, 600 30 4 180 24
Leova district
12 | Orac, Leova 500 15 4 75 20
district
13 B.alc.lana, Hincesti 900 3 3 27 27
district
Stolniceni, 3 27
14 Hincesti district 900 10 90
15 Pgllqla, Drochia 4500 30 13 1350 585
district
16 S_url,_ Drochia 3800 20 10 760 380
district
Moara de Piatra, 13 117
17 Drochia district S 90 810
The average 27,146 - - 12,804 331 4,331

Thus, in selected 17 communities the average percentage of land rights infringement
based on interviews of visited communities is 3 times higher as compared to information
submitted by LPAs to district authorities.

Many LPAs reported that they had no cases of land rights infringement. We evaluated
these data and found different errors in the cadastral maps of the respective localities, including
the facts that the agricultural land was placed partially on the forest belts, roads, ponds, forests,
etc. So, these are clear cases that representatives of LPAs are not aware of the real situation in
their own communities.

Based on above mentioned data, the approximate number of cases of land rights
infringement on the entire territory of Moldova could be calculated. Thus, there are 914
communes in the Republic of Moldova. There are about 3.99 million properties of different
kinds of agricultural land (article 12 and 11 of the Land Code). Minimum cases of land rights
infringement are about 1 million (30 % of the number of land plots).
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Most errors committed during land privatization can be divided into the following main
types of errors: a. at the level of Territorial Administrative Units, b. in geodesy measurements, c.
design errors, d. spelling errors when creating title deeds for owners, e. errors related to the lack
of access to private property and f. other (more specific errors or cases).In many communities the
initial list of landowners was preserved, while in others it was lost, making it difficult to correct
mistakes.

CONCLUSIONS

The Analytical Study shows that there is a vast multitude of cases of land rights
infringement in the Republic of Moldova. Thus, there are at least one million cases of land rights
infringement. There is lack of conflict resolution mechanism for all types of errors, only some of
them are corrected. The mandates of some institutions are overlapping, which results in a lack of
clarity over implementation procedures. Only about 10% of the Local Public Administration
representatives know the real situation related to land rights infringement in their own
communities. There is a lack of knowledge within many LPAs regarding the procedure for
registration, inheritance, sale / purchase of land. In some mayoralties, computers are old and do
not have Internet access. Thus, cadastre engineers cannot use the Cadastre database in order to
identify problems and solutions of land rights infringement.

It is utterly essential that this study was done before implementation of the World Bank
Land Registration and Property Valuation Project for Moldova, since the Project could use the
Study quantitative and qualitative data and solve the problem easier and to a greater extent.

REFERENCES

National Human Development Report 2015/2016 “Inequalities and sustainable human
development in Moldova“, UNDP Moldova and IDIS “Viitorul”. Chisinau, 155 p.

76



BACKGROUND ZINC CONTENT IN SOILS OF THE SOUTHERN PART
OF THE EAST EUROPEAN PLAIN

Maxim V. DABAKHOV, Elena V. DABAKHOVA, Galina L. DEGTIARENKO

Nizhny Novgorod State Agricultural Academy,
97 Gagarin ave., Nizhny Novgorod, Russian Federation, 603107
e-mail: mvd1969@yandex.ru

Abstract. During the study of the soil cover of the southern part of the East European plain, data on the
background content of zinc in the zonal soils of the region were obtained. It was revealed that the average
content of this element in the soils of forest-steppe and steppe zones is in a narrow range of 37-45 mg/kg,
regardless of the taxonomic affiliation of the formed soil unites. The anthropogenic impact on the
concentration of zinc in the upper humus horizon is rather weak and limited to agricultural land use,
which probably caused the leveling of the background content of the element over large areas.

Key words: chernozem, background concentration, zinc content, soil contamination

INTRODUCTION

In a large number of scientific papers on ecogeochemical topics, zinc is one of the most
mentioned elements [1]. This fact is mainly related to the potential danger that increased
concentrations of this element pose to the environment. As is known, the existing standards in
Russia refers zinc to the group of highly hazardous elements [2], which also includes arsenic,
cadmium, mercury and lead.

Although the presence of zinc in this group should be discussed, given the biological
significance of this element and the availability of mechanisms to ensure the stability of the soil
cover to pollution [1], it should be noted that its concentration is included in the list of indicators,
the control of which is mandatory for environmental monitoring of the soil cover, sanitary and
hygienic studies,environmental engineering research for construction [6, 7, 9, 10].

The standard way to assess the accumulation of elements and their compounds in
environmental objects is to compare with a natural value.

From the geochemical point of view, the approach to the assessment of soil pollution
using the background element concentrations is quite reasonable and rational. However, as a
rule, the estimation is made on the basis of background values recommended by normative
documents. Thus, in SP 11-102-97 "Environmental engineering research for construction”
background concentration for zinc in chernozems is recommended to be taken into account at the
level of 68 mg/kg, gray forest soils — 60 mg/kg [10].

At the same time, it is obvious that the chemical composition of soils has regional
characteristics determined by a specific geochemical situation, and even at a relatively short
distance between examined plots can vary widely. However, despite the fact that the study of the
geochemical background of elements started in the 50s of the last century, published data on the
basis of which it is possible to establish the regional background of elements in soils, taking into
account their genetic characteristics, is not enough.

As an example of such works it is possible to point to the work of V.A. Kovda et al. [5],
who made the first generalization about the content of zinc and other trace elements in soils and
parent materials of the USSR. Similar work conducted by Saet Y.E. et al. [8], Zyrin N.G.,
Zborischuk U.N. and some other authors [3, 4], who, based on own research and literature data
indicated regional geochemical peculiarities of soils.

Ehe existence of extensive disparate databases obtained in the course of engineering and
environmental research of soil cover at construction sitesalso should be taken into account.
However, the access to these institutional bases is limited and also suffers from the lack of a
unified methodological approach to the development of the research program.
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In general, it can be stated that at present there is an acute shortage of information on the
regional background content of elements in the soil, taking into account the heterogeneity of the
soil cover, which makes it difficult to geochemical characterization of landscapes in conditions
of more or less intensive technogenic metal inflow.

The following tasks were set:

- investigation of spatial distribution of zinc taking into account heterogeneity of soil cover;

- determination of regional background zinc content in soils of forest-steppe and steppe zones of
the southern part of the East European plain in the most common soil unites;

- identification of features and regularities of zinc distribution within the 1200 km route crossing
the forest-steppe and steppe zones within the southern part of the East European plain.

MATERIALS AND METHODS

In the course of the study, samples were taken along the route from 10x10 m? sites placed
on typical site-specific landscape elements located at a distance of about 2.0-3.0 km from each
other. The total number of sites — 433. Sampling was carried out from the upper humus horizon.
The beginning of the route is located on the border of Ryazan and Tambov regions. Further
sampling was carried out from the South-West direction, crossing Orel, Lipetsk, Kursk and
Belgorod regions.

The zonal soils identified in the study are shown in table 1. Almost all investigated soils
are characterized by loamy granulometric composition.

The selected samples were used to determine the zinc content in the extract of 5M HNO;
by atomic absorption method, pHkci and organic carbon content (Tyurin method).

RESULTS AND DISCUSSIONS

In the course of researches the characteristic of zinc content in soil cover of the territories
which are not subject to direct influence of sources of pollution by this element was received
(tab. 1).

The obtained data indicate that the investigated area has a significant variability of the
reaction of the soil acidity and the content of organic carbon (humus), which are considered as
the main factors determining the formation of a geochemical barrier on the way of
metalsmigration.

While you might expect that areas with soils having high humus content and neutral or
close to neutral pH, will correspond to higher values for background zinc content. This situation
Is usually more expressed in areas experiencing intensive anthropogenic load.

The study area is characterized by a very significant population density, developed
transport network, as well as the presence of large industrial facilities that are sources of soil
contamination by hazardous elements, including zinc. However, the obtained results allow us to
state the absence of elevated zinc concentrations due to technogenic factors. The variation of the
content of the element occurs within rather narrow limits.

In fact, technogenesis as a factor in the accumulation of zinc in the soil is not significant
and the balance of the element is formed mainly by the stock contained in the parent material and
accumulated in the humus horizon due to bioconcentration. Anthropogenic impacts appear to be
limited to agricultural land use.

Another feature of the geochemical background of the area is the absence of differences
between soil types and subtypes in the level of zinc content. The exception is the area to which
the spread of light gray forest soils is confined. However, this fact is due to their lighter
granulometric composition (light loam) than in the rest of the territory, where medium and heavy
loams are more usual.
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Table.1 Background of Zn concentration in soils

Soils Number of ppm
sites Average Max Min Median

Light-grey forest 12 17 31 2.6 17
GreyicPhaeozems Albic*
Grey forest 36 37 56 2,3 41
GreyicPhaeozems Albic
Dark-grey forest 60 39 53 35 39
GreyicPhaeozems Albic
Chernozemspodzolized 11 43 51 33 44
LuvicPhaeozems Albic
Chernozems leached 247 42 58 7.2 42
VoronicChernozemsPachic
Chernozems typical 63 45 56 34 45
VoronicChernozemsPachic

*World reference base for soil resources. A framework for international classification, correlation and
communication. Food and Agriculture Organization of the United Nations: Rome, 2006.

Table.2 Soil acidity and the content of organic carbon in soils

Soils Phie Corg, %

Average | Max | Min | Median | Average | Max | Min | Median
Light-grey forest 3.96 456 | 3.14 3.95 1.86 2.50 | 1.40 1.80
GreyicPhaeozems Albic
Grey forest 5.00 6.31 | 4.05 5.09 4.64 7.30 | 1.40 | 5.60
GreyicPhaeozems Albic
Dark-grey forest 6.11 7.00 | 5.07 6.00 4.78 7.10 | 2.30 5.00
GreyicPhaeozems Albic
Chernozemspodzolized 5.85 6.76 | 5.23 5.70 6.48 7.50 | 5.20 6.70
LuvicPhaeozems Albic
Chernozems leached 5.96 7.30 | 5.00 6.00 541 9.80 | 1.20 | 5.40
VoronicChernozemsPachic
Chernozems typical 6.16 6.90 | 4.80 6.20 5.45 7.30 | 3.70 5.40
VoronicChernozemsPachic

The weak influence of regional conditions on the formation of background zinc content in
soils is emphasized by the almost complete coincidence of the mean and median content of the
element in the soil. At the same time, it is likely that the weak variability of the background is
due to the fact that the study area for a long period (hundreds of years) is used in agricultural
production in the conditions of monotony of applied agricultural technologies, which contributed
to the alignment of the geochemical background.

CONCLUSIONS

The studies revealed that the average background content of zinc in different types and
subtypes of soils of forest-steppe and steppe zones of the South East European plain varies in a
narrow range 37-45 mg/kg. Anthropogenic impact has little effect on the variability in the
accumulation of zinc. At the same time, long-term agricultural use of land in this area,
apparently, contributed to the equalization of the element content in the soil, regardless of the
values of the basic soil characteristics and taxonomic belonging of soil unites.
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Abstract. Studies have been carried out to determine the agroecological state of ordinary chernozem on
the territory of an oil well borehole recultivated before 1994. The parameters of agrophysical,
physicochemical, chemical, microbiological and biochemical parameters of reclaimed soils are
determined. A comparative assessment of the state of microflora of the soil at selected points in terms of
abundance, structure and functioning of microbial cenoses is given. The deviation of the majority of the
studied soil indices at various observation points from the background soil characteristics in an
unfavorable direction, a decrease in biological activity was established. The expediency of using the
complex of the most informative physical, physicochemical, chemical, microbiological and biochemical
indicators for the reliable assessment of the agroecological state of reclaimed soils contaminated when
drilling oil and gas wells is shown.

Key words: soil, oil and gas production, reclamation, pollution, biological indicators, microbial cenosis
of the soil, enzymatic activity of the soil, phytotoxic activity of the soil.

BBEJIEHHME

Heorpemnemol COCTaBISIIONIEM YCTOWYMBOIO PAa3BUTHSA  SBIAETCA  OKOJOTMYECKH
0e30MmacHoe 3eMJICNONIb30BaHNEe, KOTOPOE OCHOBBIBAETCS HA CIIOCOOHOCTH MOYB COXPAHSATh CBOU
HKOJIOTHYECKHE (DYHKIIMM TPU BHEIIHEM BO3JCHCTBUU aHTPONOTICHHBIX (hakTopoB. Paspaborka
He(TEra3oBbIX MECTOPOXKICHUN 00yClIaBIUBAaeT 3HAYUTENBHYI0 TEXHOTEHHYIO HAarpy3Ky Ha
KOMIIOHEHTBI OKPYXKAIOLIEHl cpenbl U OTHOCUTCS K MEPEYHIO SKOJOTMYECKH OMNACHBIX BUJIOB
NEesTeNIbHOCTH Kak B YkpaumHe, Tak u B wmupe (Kypasenb, 2017). OcHOBHas uacTh
He(Tera3oo0bIBAIOIINX MPOMBICIOB YKpaWHbl pAaclojoXeHa Ha CeIbCKOXO03HCTBEHHBIX
36MJIIX B 30HE pPaclpOCTpaHEHMs] 4epHO3EMHBIX No4B. K mpumepy, Ha TEppUTOpPUM OJHOU
tonbko [lonraBckoit obmactu, rae 92 % Bcex MaxOTHBIX 3€MENb MPEACTABICHBI PAa3IMYHBIMH
BUJAMHU YEPHO3EMOB, IJIOLIAIU YYaCTKOB HE(PTEra30100bIUM COCTABIAIOT B OOIIEH CI0XXHOCTU
moutH 16,4 TeIC. KM2, T.€. 57 % oT 00miell mIomany 00JIacTH.

HayuynbIMM uccneoBaHMSAMHU JI0OKa3aHO, YTO TE€OXHMMHYecKas TpaHchopMaius MOYB
HAUYMHAETCS YK€ Ha CTaJluU CTPOUTEIHCTBA OYpOBBIX MiIomagok. Cpenn OCHOBHBIX (PaKTOPOB —
KOPEHHOE U3MEHEHHE MOP(OIOTUYECcKOro CTpoeHus Npodus MouBkl, YIIJIOTHEHHE B Ipoliecce
PEeKyJIbTUBALIMM, OOpPa30BaHHWE 3HAYUTEIBHOTO KOJMYECTBA JKUAKUX U TBEPABIX OTXO/IOB
CTPOMTENbCTBA CKBAKHH, COAEP)KAIIMX IIHPOKUH CHEKTP pPa3HOOOpAa3HbIX IO COCTaBy U
CBOICTBaM KOMIIOHEHTOB, B TOM YHCJ€ 3KOTOKCUKAHTOB, NPUMEHEHHE MOJUKOMIIOHEHTHBIX
OypoBbIx pactBopoB U T.A. (XKypasens, 2017). XapakTep ux BO3AECHCTBUS Ha T€OXUMHUYECKUH
COCTaB MIOYB MOXKET BBI3bIBaTh ()OPMHUPOBAHUE CIIOKHBIX T€OXUMHUYECKUX OpeosioB. B mpenenax
OJTHOTO TIOJIS, 3a4acTyl0, COCPEJOTOYEHO HECKOJIBKO YYAaCTKOB He(Tera3oJo0blYM pa3zHOIro
nepuofa M KadecTBa 3KCIUIyaTallud M PEKYJIbTUBALIMU, YTO OOYyClaBiIMBaeT (hopMHpoOBaHHE
OTJENBHBIX TMATEH pPA3MUYHOM IUIOMAAM M KOHQHUIYypalMHd Cpead YEpHO3EMHBIX MOYB
MCKa3bIBAa€TCs Ha MPOJYKTUBHOCTH BCETO arpoianmadgra.

Heo06X0oauMOCTh MOHHUTOPHUHTA COCTOSIHUSL TIOYBEHHOTO IOKpOBa HA TEPPUTOPUIX
NEeSTENIbHOCTH ~ He(dTera3ofoObIBalONINX  NpeanpusaTuid B YKpauHe OIpeleieHa Ha
3aKOHOJIATeTbHOM YPOBHE U BO3HHUKAET B CBSI3U C TPEOOBAaHMAMM K PpEKyJIbTHBALUU
HapYIICHHbIX 3€Mellb Ha Yy4YacTKax CTPOUTENbCTBA CKBAXKUH U MPOKIAIKH TPyOOIpPOBOIOB.
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CoriacHO HBIHE CYIIECTBYIOLIEH CHUCTEMBI, OLIEHKA COCTOSIHUSI TMOYBBI PEKYJIbTHBHUPOBAHHOU
miomaaku 2 — 3 ra B OOJIBIIMHCTBE CIy4aeB IMPOBOAMTCS IO pe3yJbTaTaM OMpeaeICHUS
MOYBEHHBIX MapaMeTPOB B OJIHOM TOYKE WM B CMENIAHHOW MPOOE COTIacHO OTPaHHMYCHHOMY
MEPEYHI0 MHAMKATOPOB MOHUTOPHMHTA. TakoW IMOJXOJ HE IMO3BOJIIET YYHUTHIBATH CIICHU(PUKY
OCTaTOYHOTO 3arpsA3HEHUs PEKYJbTUBUPOBAHHBIX IUIOIIA/IOK, B 30HE BO3JACHCTBUS KOTOPBIX
3a4acTyl0  pacIiojiaraloTcsi  HOBBIE  CKBaXWHBI  He(PTerazomoObluM, W  OOBEKTHBHO
XapaKTepU30BaTh PEAlbHOC COCTOSIHHE I0YB, CTETCHb pPealn3alliil MOYBEHHBIX (QYHKIUH WU
yciryr. MacmrTaOHOCTh BO3JCHCTBHUSL MPOIECCOB JOOBIUM, TPAHCIOPTHUPOBKH M TEPEpadOTKH
YTJIEBOJOPOAHOTO CHIPbs HA TOUYBEHHBIM MOKPOB M BBICOKAs! CTEMEHb KOJIOTMYECKOM OMacHOCTH
ATUX TPOIECCOB OOYCIIABIMBAET HEOOXOIUMOCTh HAYyYHO OOOCHOBAHHBIX CHCTEM HAOJIOICHUN
3a COCTOSHHEM IIOYB.

YuuTbiBasi, 4TO CPOKU OCBOCHHUS KAXKJIOT0 MECTOPOXAeHUs cocTtaBisitoT oT 10 go 30 iner,
a MHOTJa U OOJIbIIe, HEOOXOAMMO MPUMEHEHHE CHCTEMbI PETYISPHBIX JACTATbHBIX HAOIIOICHUH,
MO3BOJISIOIINX BBISBIISATH TEHICHIIMA U3MEHEHUHN M TIPOrHO3UPOBATh COCTOSTHUE TTOYB.

[lenp wuccrnegoBaHWii —  OLIEHUTH  arpoOdKOJOTHMYECKOE  COCTOSHUE  YEPHO3EMA
OOBIKHOBEHHOTO Ha TEppPUTOpUHM OypoBOWM IUIOMAAKA HePTeq0O0BIBAIOIMICH CKBAKHHBI,
PEKyIBTHBHPOBAHHOM 10 1994 Toma, UCTIONB3ysl KOMIUIEKC (GU3NIECKUX, PU3UKO-XHMHUYECKHX,
XUMUYECKHUX, OMOXUMHUYECKUX U MUKPOOHOJOTUUECKHUX MTOKA3aTEIICH.

MATEPHUAJIBI 1 METO/1bI

HccnenoBanus npoBOJWINCH B TEUEHHUE IATH JIET HA YYACTKE PACIOJIOKEHUS CKBAXKUHBI
Ne 23 B TlonTaBckoii obmactu Ha Tepputopun WrHatoBckoro mecropokaeHus. CKBakhHa
MHTEHCUBHO JKCIUTyaTHpoBaiack B 80-e IT. mpomioro Beka. B ganpHeiimem Oblia mpoBeeHa eé
KOHCEpBallMs U PEKyIbTUBAIMOHHBIE PaboThl. Mccnenyemas mouBa — 4epHO3EM OOBIKHOBEHHBIN
CpeaHecyrMHUCTBIH Ha Jnécce. OrmpenenéHHas CTeNneHb TPaHCPOPMHPOBAHHOCTH MOYB
MOJITBEPIK1aTach BU3yaJbHO U MO CITyTHUKOBBIM CHUMKAM y4acTKa.

B kauecTBe MHAMKATOPOB TEXHOI€HHOI'O H3MEHEHUS arpo3KOJIOIMYECKIO0 COCTOSHUS
yepHO3éMa OOBIKHOBEHHOTO HaMu ObUIM BBIOpaHBI  CIEAYIOLIME IOKa3aTeld  IOYBbI:
arpodusnyeckue, (PU3NKO-XUMUIECKHUE, XUMUIECKHE, MUKPOOHOIOTHIECKHE U OMOXMMHUYECKHE.
B npenenax pekyiabTUBUPOBAHHOM TUIOIMIAAKK Ha miomanan 3,6 ra (200x180 m) ObuH 3a10KEHBI
32 TOUKM HCCIEAOBAaHHUS, PACIOJIOXKEHHbIE PAaBHOMEPHOM CETKOW B IIaXMaTHOM MOPSIKE.
CocrosiHMEe HEpeKyJIbTUBUPOBAHHON (()OHOBOI) MOYBBI OHpEAeNsUIM B TpEX TOUYKAaX Ha
paccrosiiun 800 M OT YCThSl CKBaXKMHBI F0T0-3ara/iHee ObIBIIeH OypoBOM IIOLIAIKK HA MAIIHE 3a
npejiesiaMi BO3MOXXHOTO BIHSHUS OT Oypenus (puc. 1).

Omnpenenenve napamMeTpoB  arpo(U3MUEcKuX, (QU3HKO-XUMUYECKHX, XUMHUYECKHUX
MOKa3aTenei MOYBbI MPOBOAWIN B WHIAMBUAYAIBHBIX MPOoOax, OTOOPaHHBIX B KaXAOW TOYKE C
riyounsl 0 — 30 u 30 — 60 cm. HccnenoBanue moYBEHHBIX MOKa3aTesel BKIIOYAIO ONpPEIEIeHNE
wioTHOcTU cioxkeHus: mouBkl (JICTY ISO 11272: 2001) u uzMepeHus TIOTHOCTH C TMOMOIIBIO
nexHerpomerpa While Soil ¢ moBepxHoctu 10 rinyounsl 60 cM, KaTHOHHO-aHUOHHOI'O COCTaBa
BogHOM BEITsDKKM (JICTY 7844, JICTY 7861, ACTY 7908, ACTY 7909, ACTY 7945, ICTY
8346), cocraBa mnornoméHHbIXx KatuoHoB (MMB  31-497058-007-2005), coxaepkaHus
kapOonaroB kanbius (MB3 31-497058-021-2005), oOmiero conepxanus rymyca (JACTY 4289) u
€ro TIpYyHIOBOIO COCTaBa, MOJABMXKHBIX (OPM MHMKPOIEMEHTOB (METOAOM AaTOMHO-
aacopOumonnoit cnekrpomerpun (JICTY 4770.1-4770.9), BanoBoro copepkaHusi XUMHYECKHX
3JIEMEHTOB (PEHTI€H-(ITIOOPUCLIEHTHBIN METOIOM).

MuxkpoOuonornyeckue 1 OMOXUMHUECKHUE MCCIEA0BAaHNS TPOBOAMIN B YETHIPEX Mpobax
PEKYIbTUBUPOBAHHOMN IMOYBBI, 0TOOpaHHBIX U3 ciosi 0 — 25 cm B Toukax NeNe 3, 17, 18, 21 B
npezaenax ObIBIIEH OypoBOM IUIOMIAAKU U MPpoOe aHaTOTUYHON (HOHOBOM MOUBHL. BBIOOp TOUek
JUIT MUKPOOMOJIOTHUECKUX HCCIEOBAHUN OOYCIOBIMBAJICS Pa3IMYHBIM YPOBHEM 3arps3HEHUs
MOYBBl KOMIIOHEHTaMU OYpOBOTO pAacTBOpa, YCTAHOBJIEHHBIM Ha MPEIbIAYIIUX 3Tarax
UCCIIE0OBAHUMN.
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UHCIEHHOCTh  MHUKPOOPTaHM3MOB ~ OCHOBHBIX  9KOJIOTO-(DYHKIIMOHAJIBHBIX  TPYIIII
OTIPENIEIISLTH METOIOM MUKPOOHOJIOTHYECKOTO ITOCeBa Ha TBEP/IbIC arapu30BaHHbBIC MTUTATEILHBIC
cpensr (ACTY 7847:2015); moka3atenu MUHEpaTu3aluu-uMMoOuIn3anuu a3zora (MUIycTuH,
1975), onurorpodHOCTH MUKPOOHOTO T1eH03a (ApucToBcKas, 1977) u ko3phUuueHT MUKPOOHOI
Tparcdopmarmu opranndeckoro Bemiectsa moussl (MTOBIT) (Myxa, 1980), xapakrepu3syroiue
WHTCHCUBHOCTh MHWHEPAIM3AIMOHHBIX MPOIECCOB M TPOPHUECKUH PEXKHM TOYBBI, — IIO
COOTHOILIEHUIO OTACIBHBIX IPYII MUKPOOPTaHU3MOB; CYMMAapHBIA OMOJIOTHYECKHHA MMOKa3aTelh
(CBII) u nokazatens 6uonoruueckot aerpanauuu (I16/[) — MeTogoM OTHOCUTENBHBIX BEIMYUH
(Aunm, 1959); ¢GepmMeHTaTUBHYIO aKTUBHOCTH IOYBHI (POTOKOJIOPUMETPHUECKUMH METOIaMU
(naBepraznyto (3BaruHuEB U aAp., 1980), npermaporenaznytro — wmetogom  A.Il Tancrsana
(Xazues, 1976), nomupenonokcunazunyro mno JI.A. Kapsrunoir u H.A. Muxaiinosckoii (1986));
TOKCHYHOCTh TOYBBI OIPEICISIA METOJAOM IMOYBEHHBIX IUIACTHH M METOJOM 3aMavyHMBaHHS
CEMsIH B BOJIHOW BBITSDKKE M3 MOUYBHI (3BSATUHIEB U J1p., 1980).

Pucynok 1. Pacionosxenue Touek oT60pa npod peKyIbTHBUPOBAHHOM MOYBHI JIJISl ONPEACTICHUS
napameTpoB GpU3HUECKUX, PU3UKO-XUMHYCCKIX, XUMUUECKUX moka3aresneil (Touku NeNe 1 — 32) u st
MUKPOOHOJIOTHIECKUX M OMOXUMHUYECKUX uccienoBannii (Touxu NeNe 3,17, 18, 21)

JIOCTOBEPHOCTD MOJIyYEHHBIX B X0JI€ UCCIIEIOBaHUN JJAaHHBIX OLIEHUBAIN C IPUMEHEHHUEM
JIMCIICPCHOHHOTO aHaJIM3a, UCIOJIb3Ys CTaHIapTHBIN makeT mporpamm «Statistica 6.0».

CocrostHME  MHUKPOOHBIX  COOOLIECTB  OLEHMBAIM €  YYETOM  YHMCICHHOCTHU
MHUKPOOPTaHU3MOB OCHOBHBIX 3KOJIOTO-(YHKIIMOHAIBHBIX TPYII COTIACHO pa3paboTaHHON HAMU
panee mkaine (Haiinénosa, 2010). MToroBoe olieHHBaHHE COCTOSIHHSI MUKPOOHBIX II€HO30B
MOYBBl TPOBOAMIM C UCIIONB30BAHUEM HWHTETPUPOBAHHOTO TOKa3aTesi OMOJIOTHYECKOTO
cocrosiaus nousl (UI1BC) (Konecuukos u ap., 2001; 2013).

PE3YJIBTATBI U OBCYKJIEHUE

Hay4ynpiME  WCCIEIOBaHMSAMH  YCTAHOBJICHO, 4YTO OOpa3oBaHHbIE B  IpOIECCE
PEKYIbTUBALIMM TEXHOTCHHBIE TIOYBBI MOYKHO paccMaTpuBaTh KaK MOYBHI-aHAJIOTH, KOTOPHIE
CTpEMSTCS IO BCEM 3aKOHAM JBOJIIOIINU TIOYB BEPHYTHCS K UCXOAHOMY cocTostHuto (ETepeBckas,
1996). IlpoBeneHHOe HaMM HCCIEIOBaHHE MOPQOJIOTHUECKOTO0  CTPOEHHUS  HpOQHIIs
PEKYIBTHBHPOBAHHOTO YEepHO3EMa OOBIKHOBEHHOTO IIOKa3ajo, 4YTO B  IOCIEACHCTBUH
PEeKyJIbTHBALIMM €r0 BOCCTaHOBJIEHHWE He HaOmonaerca. B pesynbrare  eXeroaHoi
CETbCKOXO03SUCTBEHHOW 00paOOTKH 00pa3yeTcsi OKYJIbTYPEHHBIM MaXOTHBIN CJIOH, KOTOPBIA
CTaHOBHUTCA OJHOPOJHBIM IO CTPYKType M OKpacke, NPU 3TOM XapaKTEPHBIM SBISETCS
Bckumnanue ot 10 % HCI ¢ moBepxHocTu. [log HuM 3aneraer nmpeodpa3zoBaHHbIH Topu30HT (30 —
75 cMm), cocTosAmMiA M3 HAbopa YacTUL, OTIMYAIOLIMXCS JPYr OT ApYyra COCTAaBOM M pa3zMepoM
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(parMeHTOB UCXOJHBIX TEHETHUECKUX TOPU30HTOB, OUYCHb HEOAHOPOIHBIN 10 OKpAaCKe, COCTaBY
U CTPYKType, OueHb IUIOTHBbIA. Hmke pacmonaraiorcs TOPHU3OHTHI, HE MOBEPraBIIHECS
BO3/ICHCTBUIO ¥ COXPAHSIOLINE IPUPOIHOE CTPOCHUE.

[1I0THOCTB CJIOXKEHHUS B TAXOTHOM clioe (hOHOBOIT ITouBHI coctaisuia 1,2 — 1,3 r/em’, npu
TOM B PEKYJIbTUBHPOBAHHOM MOYBE 3TOT IOKa3aTellb B CpelAHEM cocTaBisul 1,4 r/em®. 3oHbI
MOBBIIICHHOW YIUIOTHEHHOCTH HAOIIOIAIMCh BOIM3U YCThsl CKBAXHUHBI (B Toukax NeNe 18 u 20 u
3armaIHOM YacTH IUIOMIAAKU B HampaBieHnn nuieiida k ambapy (Touka Ne 29). B cmoe 30 — 60 cwm,
KOTOPBIiA IPU CTPOUTEITHCTBE M IKCIUTyaTallui CKBAKUHBI (DAaKTUYECKHU MOACTUIIAN TIOBEPXHOCTb,
a B IIpOLIeCCe PEKYJIbTUBALIMK Ha ATale IUIAHUPOBAHMS JOTIOJHUTENBHO YIUIOTHSUICS TAXKEION
TEXHUKOM, IUJIOTHOCTH CJIOXEHHUS PEKYJIbTUBUPOBAHHBIX IOYB OblJa 3HAUYUTEIHHO BBHINIE U
cocTaBisuia B cpeanem 1,6 — 1,7 r/em®. B LEHTpPE IJIOMIAKEe YETKO BBIIEISIACH 30HA C BEICOKUM
yIJIOTHEHHUEM — B Toukax NeNe 12, 16, 22.

HccnenoBanne KaTUOHHO-aHHOHHOTO COCTaBa BOJHOW BBITSDKKM I0KA3aJlo, YTO IOYBBI
PEKYJIbTUBUPOBAHHOTO M (DOHOBOTO YYACTKOB SIBJISIOTCS HE 3aCOJICHHBIMH, COCTaB COJIeH
Cynb(aTHO-THIPOKAPOOHATHBIA MarHUeBO-KalbLUEBbINA. [Ipu 3TOM conepxaHne aHHOHOB HCO*
u Cl' B nmpoduse peKyJIbTHBUPOBAHHOM IMOYBHI OBLIO CYIIECTBEHHO (B 3 — 5 pa3) BhIIE, YeM B
npodune (GOHOBOW TMMOUYBBI, a COACPNKAHWE KaTHOHA Ca®* B npode Touku 17
PEKyIbTUBUPOBAHHONW TOYBBI B 1,5-2 pasza Beimie, yeM B (OHOBOH. Peakuus MmoyBeHHOTO
pacTBopa B poOax peKyJIbTHUBUPOBAHHON MOYBKI Kojiebanach B nmpeaenax 7,8 — 7,9 nmpu 6,4 — 7,4
B (hoHoBO#. Coneprkanre KapOOHATOB KalblUsl B MAaXOTHOM CJIO€ PEKYJIbTHUBHPOBAHHOW MOYBHI
cocraBisiio okoio 4 % (npu 0,2 — 0,3 % B maxoTHOM ciioe )OHOBOM MOYBHI), pacHpeaeIeHue
KapOOHATOB HUXE IO MNPOPWII0 PEKYIbTUBUPOBAHHON MMOYBBI OBUIO HEOAHOPOIHBIM O€3
BUJIMMBIX 3aKOHOMEPHOCTEM.

CopepxaHuie Tymyca B IaxXxOTHOM CJIO€ TOYBHI PEKYIbTHBHPOBAHHOTO U (HOHOBOTO
YYaCTKOB CYIIECTBEHHO HE OTIM4Yaioch M coctasisio 4,4 — 4,8. Tun rymyca — rymarHbli,
CTeNeHb ryMU(PHUKAIIUN OPraHUYECKOTO BEIECTBA — OUEHb BBICOKAS.

PexynbTHBUPOBAHHBIN Yy4aCTOK XapaKTEPU30BAJICS BBICOKOM HEOJIHOPOIHOCTBIO BAJIOBBIX
KOHIIEHTpAllUi XUMHUYECKHX 5JeMeHTOB B mnpodwmie mnouBbl. C riayOuHOM HaOII0IANI0Ch
YMEHBIICHNE CTETICHN BapHanuu. Beicokne 3HadeHus KOd((UIIMEHTOB BapHUallil XapaKTEPHBI
st Ag, Ba, Pb, Ca, Mo. [IpuBenennas rpyrmnma MeTaiOB SBISETCS TUIIMYHOW COCTaBIISIFOIIEH
OypOBBIX pacTBOPOB, KaK B KaueCTBE OCHOBHBIX KOMITOHEHTOB (Ba, Ca), Tak u B Buje mpumecei
(Pb, Mo, Ag). OueBuaHO, YTO NPUUMHONW HEOJHOPOAHOCTH HX pACHpEIeNeHUs B IOYBE
PEKyJIbTUBUPOBAHHOIO YyYacTKa SBJIIETCS HEPAaBHOMEPHOCTb PACIONOXKEHHUS JIOKAJIbHBIX
VCTOYHUKOB UX MOCTYIUIEHHS B II0YBBI — MECT CKJIAUPOBAHUS KOHIIEHTPATOB JUIsl U3TOTOBJICHUS
OypOBBIX pacTBOpPOB, OypoBbIX amM0apoB H T.N. IloBbIIEHHbIE KOHIIEHTpaluKu Oapusi, CBHUHIIA,
cepebpa U 1MHKa Habmoaanuch B moyBeHHOM ciioe 0 — 30 cM U ¢ mIyOMHOM HX colepkaHHe
CYILIECTBEHHO CHMKaI0Ch. Ouar aHOMaJIbHOTO COJIEP>KaHUs OOJBIINHCTBA METAVIOB BBISBIICH B
LIEHTPaJIbHON YaCTH PEKYJIbTHUBUPOBAHHOIO Y4acTKa M CKOHLIEHTPUPOBAH MPEUMYILIECTBEHHO B
obnactu Touek NeNe 16, 17, 21. Toukoii ¢ HanOoJee BBICOKUMU aHOMAJTbHBIMU KOHIICHTPAITUSIMHU
METAJIJIOB BO BCEX HCCIENYEMBIX FOPU30HTAX sBisgeTcs Touka Ne 17. OnpeneneHue moaBHKHBIX
dopM TSKENBIX METAUIOB IOKa3ajlo, YTO NPEBHIINIEHUE YCTAHOBJIEHHBIX HOPMAaTHBOB B
OOJIBIIMHCTBE MCCIEA0BAaHHBIX NMPO0 Habmonanuck no coaepxkanuio Pb (B 19 pa3 B maxoTHOM
cioe) u Zn (B 3 paza B TaXOTHOM CJIO€).

MuKpoOHOoIOTHYEeCKHE HMCCIIEOBAHUS MOKA3alM, YTO YUCIEHHOCTh MUKPOOPIaHHW3MOB
MIPAKTUYECKH BCEX MCCIEAYEMBIX TPYIII B MPo0ax peKyJIbTHUBUPOBAHHON MOYBbI, OTOOPAaHHBIX Ha
BCEX KOHTPOJBHBIX TOYKaxX, ObUIa HIXKE, 4eM B MpoOax (HOHOBOHM MOYBHI, 33 HCKIIOUYCHHEM
YHCIACHHOCTH OaKTepWii, yCBaMBAIOIIUX OpPraHWYECKHe COeaWHEeHHs aszora (tabm. 1).
CylecTBEeHHOM pa3HMIBI MEXIY YHUCICHHOCTBIO 3TOH TpyNIlbl MHKPOOPIaHW3MOB B IMPOOax
($OHOBOI U PEKYIBTUBUPOBAHHON MOUBBI, 0OTOOpaHHBIX B Toukax NeNe 3 u 21, He oOHapyXeHoO.
B npoGax mouBbl Toyek NeNe 17 m 18 kommuyecTBO OakTepHii 3TOW T'pyMIbl MPEBBIIATIO MX
conepkanue B ¢oHoBoM nouse Ha 36 % u 84 % coorBercTBeHHO. [lOBBIIIEHHAS] YHCIEHHOCTh
OakTepuii 3TOH Tpynmbl MOXKET OBITh OOYCJOBIEHA HAIWYMEM MOJIBMXKHBIX (OPM THKETBIX

84



METAJUIOB B J103aX, OKAa3bIBAIOUINX CTUMYJIUPYIOIIUH 3(PQeKT, KOTOpble Takxke ObUn
0oOHapy>XeHbI B TIoUBe, 0ToOpaHHON B Touke Ne 17, a Takyke pa3BUTHEM PE3UCTCHTHHIX (Popm
OaxkTepuil.

Tabmuia 1. YucaeHHOCTh MUKPOOPTaHU3MOB OCHOBHBIX 3KOJIOTO-TPO(UIECKIXU TAKCOHOMHYESCKUX
TPYII ¥ TIOKa3aTeld, XapaKTepU3youe (QYHKIIMOHAILHOE COCTOSIHIE MUKPOOHBIX IIEHO30B, B 00pa3iax
(hOHOBOM U PEKYITPTUBHUPOBAHHON ITOYBHI

KonuuectBo MUKPOOPraHu3mMoB,

MiH. (rpu6b! — ThIC.) KOE B 1 T cyXOMIMOYBBI Tokasarenu
Touku MukpooprasusMmsl,
or6opa YCBAaHUBAIOLIME a30T Axru- | Ipu6sl | Onuro- | OBTPO- | gnuro- | mume- E CBII, | TIB/,
mpod | opra- | MuHepambHBII | HOMH- PO bu | rpogp- | pamu- 8 % %
HHYe- GaxTe- | LETBI HOCTH | 3al[iH =
ckmii | BEero P

Do 14,27 | 49,63 | 3528 | 14,35 | 25,61 | 37,60 | 63,93 | 0,59 348 |18,37| 89 0

Ne 3 13,89 | 27,65 | 17,90 9,75 | 10,00 | 26,37 | 4155 | 0,63 199 (20,87 | 54 | -34

Ne 17 19,41 | 26,16 | 1581 | 10,35 | 17,52 | 23,68 | 4559 | 0,52 135 [33,81| 65 | -20

Ne 18 26,29 | 40,45 | 27,79 | 12,66 | 10,96 | 30,74 | 66,75 | 0,46 154 (4338 77 -2

Ne 21 16,32 | 33,56 | 23,40 | 10,16 | 8,99 2482 | 49,89 | 0,50 2,06 |2426| 66 | -29

HCPops | 3,64 9,35 - 351 | 7,24 8,62 - - - - - -

YucaeHHOCTh MHKPOOPTraHM3MOB OCTAJIbHBIX TIPyNIl B MIpo0Oax peKyJIbTHUBUPOBAHHOU
MOYBBI3HAYUTEIBHO  YyCTynajga Ioka3aresnsM  (OoHOBOM  mouBbl. Tak, UHCIEHHOCTh
MHUKPOOPIaHU3MOB, YCBAaUBAIOIIUX MUHEpalbHbIe (DOPMBI a30Ta, B IpoOax mouBsl Touek NeNe 3,
17 u 21 6bi1a Hwke Ha 44 %, 47 % u 32 % coorBercTBeHHO. CyIIeCTBEHHON ObLIAa pa3HUIA U B
YHUCICHHOCTU aKTMHOMHULIETOB B IIPOOAX ITHX TOUYEK U MpoOax (OHOBOM MOUBBI: B IPOOE TOUKU
Ne 3 KonM4ecTBO aKTMHOMUIIETOB ObLIO MeHbIIUM Ha 32 %, Ne 17 — na 28 %, Ne 21 — na 29 %.
W3BeCTHO, YTO AKTHMHOMMIETHI SBJISIOTCS WHAWKATOPAMM 3arpsi3HEHUS IIOYBBI TSKEIBIMHU
MeTaJlaMH, U, BO3MOXKHO, UX YTHETEHHE O0YCIOBICHO MMEHHO 3TUM (akTopoM. UHCICHHOCTH
MHUKPOMHIIETOB B Mpo0ax BCEX HCCIEAYEMbIX TOUYEK pPEKYJIbTHBHPOBAHHONW IOYBBI ObuLIa
3HAUUTENBHO HIXKE, YeM B (POHOBOM IMMOYBE, a HaMMEHbBIIEE KOJIMYECTBO I'PHOOB BBHISBICHO B
npode Touku Ne 21 — Ha 65 % Huke, ueM B mpole GpoHoBoM nouBsl. KomnuecTBo oaurorpodos B
toukax NeNe 3, 17 u 21 Obuto MeHbIIUM, YeM B ¢GoHOBOM mouBe, Ha 30, 37 u 34%.

BaxHbpIMM OMOIMArHOCTUYECKUMHU MOKa3aTeIsIMM COCTOSHMSI T10YB, 3arpsA3HEHHBIX
He(THIO U COMMYTCTBYIOIIUMU €€ 100bIY€e MOJTIOTaHTaMHU, SIBJISETCS YHCIEHHOCTh OaKkTepuil poaa
Azotobacter u yriieBogopoJOKUCISIFOIIMX OakTeprii. UHCIEHHOCTh a30TOOaKTepa Obliia BEICOKOM
BO BceX uccienyeMmbix npoOax. [louBa mccnenyemoro ydactka He Obula 3arpsi3HeHa HE(TbIO,
MaKCHUMaJIbHOE KOJIMYECTBO YIIEBOAOPOAOKUCISIOMUX OakTepuil Obl10 0OHapyXeHO B (OHOBOM
MIOYBE, a B IOYBE UCCIIEAYEMBIX TOUEK OHO ObLIO HIKE B 2 — 16 pas.

Jis  HOpManbHOTO (PYHKIIMOHUPOBaHMUA TOYB BaXKHBIMH SBJISIOTCS HE TOJIBKO
YHUCIIEHHOCTh PAa3JIMYHBIX TPYNI MHUKPOOPraHM3MOB, HO W HX cooTHomieHue. Ilokaszarens
OJIUTOTPO(PHOCTH MMEET 3HAUYCHHE MEHbIIE €IMHMUIbI, YTO CBUIETENbCTBYET O JOCTATOYHOU
00€CreYeHHOCTH MMOYBbl JIOCTYIHBIMU NUTAaTEeNbHBIMU BemiecTBamu (cM. Tabui. 1). Heckonbko
HIDKE ObUIM 3HAYEHUs IMOKa3aTellell MUHEpaIu3aluy, PaCCUUTaHHbIE Ui PEKYJIbTUBUPOBAHHOMN
MOYBBI, YTO OTPa)KaeT HaIPaBJICHHOCTb MHUKPOOHUOJIOIMYECKUX IMPOLECCOB B CTOPOHY
COXpaHEHMsI 3amacoB OopraHuyeckoro BemiecTBa. OO0 3TOM CBHIETENBCTBYET M KOI((UIMEHT
MTOBII, 3na4eHust KOTOPOTO AJISl BCEX MCCIEAYEMBIX TOUEK PEKYIbTUBUPOBAHHOMN MOYBBI OBLITU
6oJiee BEICOKUMH, YeM JUIsl OHOBOM MOUBBI. MakcuManbHoe 3HaueHne ko duruenta MTOBIT
3aukcupoBaHo ISl MpoObl MouBbI B Touke Ne 18, B KOTOpOIl YMCIEHHOCTh MUKPOOPTaHU3MOB
IOYTH BCEX TPYNN, HUCKIIOYas TrpuObl, JOCTOBEPHO HE OTIMYANach WM MpPEBbIIATIA HX
YHUCIIEHHOCTbH B (DOHOBOI MOUBE.
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MaxkcumansHoe 3HaueHue CBII ompeneneno mns ¢gonoBoi mouBbl (cM. Tabm. 1).
Hebonbiioe oTkioHeHHE OT Mokaszarenss (oHa B CTOPOHY YXYIIIEHHS OTMEUYEHO JIsl MOYBBI
touku Ne 18. Heckonbko Oonbime oTkioHeHus (Ha 27 u 26 %) paccuuTaHbl AJIs TOYBBI TOYEK
NeNe 17 u 21. HauGonee yrHeTéHHBIM OTHOCUTENbHO (hoHOBOW mouBhl (Ha 39 %) okazancs
MUKpOOHBIN 11eH03 mouBbl B Touke Ne 3. CornacHo 3HaueHusiMm IIB/], nmouBa B Touke Ne 18
CUMTACTCs HeJerpaaupoBaHHOM, B Toukax NeNe 17 m 21 — cmabo merpamupoBaHHOM, Ne 3 —
CpEIHEN CTENEHU AErPaIaLUU.

BaxupiM  mokaszareneM ~— OMOJOTMYECKOM  AaKTUBHOCTH  TOYBBI  sBiseTcs €€
(depMeHTaTHBHAs aKTUBHOCTb, TECHO KOppenupytomas ¢ e€ miogopoaueM. Cpenu mokasareneit
dbepMEeHTaTUBHOI ~ aKTUBHOCTH  TOJNBKO  HHBEpPTa3Has  aKTHMBHOCT, B oOpasmax
PEKYJIbTUBUPOBAHHOM II0OYBBI OKAa3ajach CHW)KEHHOM. BO Bcex TOYKax peKyJIbTUBUPOBAHHOU
nmouBkl, Kpome Touku Ne 3, oHa ObL1a HIDKe, yeM B (OHOBOHM mouBe. bojee HU3KUH ypOBEHBb
aKTUBHOCTH (epmeHTa B mpobax mouBel B Toukax NeNe 17,18, 21, BepostHO, CBsi3aH ¢
MOBBIIICHHBIM COJEPKAHUEM TSDKENBIX METaIOB, YTO COIJIACYETCSl ¢ MHOTOUYHCICHHBIMU
JTUTEPATypHBIMUA JAHHBIMH, COTJIACHO KOTOPHIM MMEHHO HHBEpPTa3Has aKTHMBHOCTh HamOoJjee
YyTKO pearupyeT Ha 3arpszHenne umu nous (KomecaukoB u ap., 2001). B toukax NoNe 17 u 21
BBISIBJICHBI TMOBBIIIEHHBIE KOHIIEHTPAIIMN KaK MMOJBUKHBIX, TAK U MPOYHOCBA3AHHBIX U BaJOBBIX
dopMm TskEnpIXx MeTayioB. Tak, B Touke Ne 21 B 2013 roxy coaepkaHue MOJABUKHBIX (GopMm
CBUHIIA cOocTaBmiIO 74,24 mr/kr, uto B 37 pa3 npesbimaet [1/IK u B 148 pa3 npesbiiaer hoHOBOE
conepkanue. CaMblil BBICOKUH YPOBEHB MOJIMAIEMEHTHOTO 3arpsS3HEHUS OYBbI KOHCTATUPOBAH
B Touke Ne 17.

Pesynbratel onpenenenust GUTOTOKCHUECKON aKTUBHOCTU MOYBBI METOJIaMU TTOYBEHHBIX

MJACTUH W TIOYBEHHBIX BBITSDKEK C HCIIOJNIB30BAHHEM B KAaueCTBE TECT-KYJIbTYpPhl CEMSH
KYKYpYy3bl IOKa3aJIH MOJAaBJICHHUE POCTA KOPEIIKOB U POCTKOB MPOPOCTKOB. [IpoObI MOYBBI TOUEK
NeNe 3 u 17 okazanu 3aMeTHOE TOKCUYHOE BO3/IEUCTBUE HA IPOPOCTKHU KYKYPY3bl.
HToroBasi olieHKa COCTOSIHHSI TIOYBHI B Hccienyembix Toukax mo mokazatento UITBC mokasana
CHIDKeHHe ero 3HaueHuid Ha 15 u 14 % B Toukax NeNe 3 u 17, uto corimacHO pa3pabOoTaHHBIM
KonecHukoBbiM ¢ coaBt. rpagauusm (2001, 2013), cooTBeTCTBYeT cliaboi CTENEeHU AeTpalaluu
MOYBHl IO MHUKPOOMOJIOTHUYECKUM CBOMCTBAM M HAPYIICHUIO SKOJOTUYECKHX (YHKIIHUM.
Otknonenne UITBC mouBsl B Toukax NeNe 18 u 21 cocraBumo 8 u 9 % — moyBa B 3TUX TOUKax
ABJISIETCS] HEAETPAAUPOBAHHOMN.

BbIBO/IbI

B pesynpTaTe uccienoBaHMIl yYCTaHOBJIEHO, YTO Jerpajalus IOYBEHHOIO ITOKPOBa
HUCKYCCTBEHHO  CO3/JaHHOM  CHUCTeMBbl  arpojaHamadra  SBISIOTCA  YCTOMYUBBIMM U
JIOJITOBPEMEHHBIMH, KaK CJIEJICTBHE, HAOIIOAAETCs CHWKEHHME IUI0A0poaus MmoyB. [louBeHHBIH
MOKPOB PEKYJbTUBUPOBAHHON IUIOIMIAJKNA CKBa)KHUHBI, MPOOYPEHHOM U HKCIUIyaTUPYEMOH [0
1994 rona, xapakTepu3yeTcss MOBBIIMIEHHON IUIOTHOCTBIO TOYBBI OTHOCHUTENBHO (DOHOBBIX
3HaYeHn’, 0co0eHHO B cioe 30 — 60 cM, KOTOPBIH TPU CTPOUTENIBCTBE CKBAKUHBI (DaKTHUYECKH
noJcTuiIan noBepxHocTh. [louBenHbIN Topru3oHT 0 — 30 cM B mpezenax UCCIeAyeMOro y4acTka
XapaKTepU3yeTcsl OUYeHb BBICOKUMH MOKa3aTeIsiMU BapHalliM BaJIOBOro cojepxkanusa Ag, Ba, Pb,
Ca, Mo, Zn, 4TO CBHMJETENBCTBYET O TEXHOTEHHOM IIPOMCXOXIECHUU IPUBHECEHUS U
pacmpeneneHns S3TUX JJIEMEHTOB. AHaJIM3 paclpeleseHus KOHIEHTpAluil BaJlOBBIX U
HOJBMXKHBIX (POPM TSDKENBIX METAJUIOB TOKa3aj HaJMuue 4ETKOTo ovara 3arps3HEHUsB LIEHTpe
IUIOINAAKH, HanboJiee CKOHIIeHTpUpoBaHHOTO B ropu3oHTe 0 — 30 cMm.

B pesynbTaTte oneHKH COCTOSIHHSI MUKPOOHBIX IIEHO30B M OMOXMMHYECKOW aKTHBHOCTH
PEKYJIBTUBUPOBAHHOMIIOUBBI 110 TIOKA3aTeNIIM YHCIEHHOCTH MHUKPOOPTaHM3MOB OCHOBHBIX
HKOJIOTO-QYHKIMOHAIBHBIX TpyNH, (QepMEeHTATUBHOW U (UTOTOKCHYECKON aKTHUBHOCTEH
YCTAaHOBJIEHO HAJMYM€ HEraTUBHBIX OTJIMYMN IOKAa3aTeled pEeKyJIbTHUBHUPOBAHHBIX IOYBBI OT
¢donoBoil. [lo 0000MEHHBIM AaHHBIM YHClIeHHOCTH MUKpodopsl ¢ nomousio CBII u TIBJ]
CTENEHb JErpaAupOBAaHHOCTU M3MEHAIAch OT HEAErpaAMpOBaHHON [0 CpEOHEN CcTeneHu
nerpagauud. OTMEUYEeHO HMHTHOMpPOBAHHE WHBEPTa3HOM aKTHBHOCTH B PEKYJIbTHBHPOBAHHON
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nouse B Toukax Ne 17 u 21, uto cornacyercs ¢ JaHHBIMU O TMOBBIIIEHHOM COAEPKaHUM TSHKEIBIX
METauI0B.  PexkynbTMBHpOBaHHas 1OYBa B TOYKAaX ouvara 3arps3HeHus  oOsajaer
(UTOTOKCHYHBIMH ~ CBOWcTBaMH.  lcmonb3oBaHHBIE  HaMH  MHUKPOOHMOJOTMYECKHE U
OMOXMMHYECKHE IIOKa3aTelIM  aJeKBaTHO  OTPAXAlOT  arpoO3KOJOrMYECKOe  COCTOSHUE
PEKYJIbTUBUPOBAHHOM TIOYBBI M  MOIYT YCIEIIHO IIPUMEHATBCS IPU  NPOBEICHUU
arposKOJIOTMYECKOr0 MOHUTOPHMHIA IOYB B MeECTax JAEATEIbHOCTH He(Terazoo0bIBarOIINX
IPEANPUATHI.
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BBEJAEHUE

CornacHo omnpefeieHUI0 MexayHapoaHou opranusanuu DPAO  (MexayHapoaHas
ITponoBonbscTBeHHass Opranuzanus): 3eMiIH - 3TO «4acTh ITOBEPXHOCTH CYIIM, XapaKTEPUCTUKU
KOTOPOH OXBaThIBAIOT BCE OTHOCUTEIBHO CTA0MJIBHBIE WM MPEICKa3yeMo IUKIMYHbIC
KOMIIOHEHTbI OHnocdepbl Haja M IOJ 3TOM NOBEPXHOCTBIO, BKIIOuYas atMocdepy, MOUYBBI U
MOJICTUJIAIOIINE MTOPO/IbI, PACTUTEIBHOE U JKMBOTHOE HACEJIEHUS W PE3yJbTaThl HACTOALIEH U
IpOILION akTUBHOCTH YeioBeka» (FAO, 1988). Do ompenenenue ciaeayer CTEPKHEBOM Hacei
OTEYECTBEHHOI'0 €CTECTBO3HAHMSI B YAaCTH CHCTEMHOIO MO3HAHUS U YNPABJICHUS 3€MEJIbHBIMU
pecypcamMH Kak €IMHBIM LIeJIbIM, KOTOpas Oblia chopmyiarpoBaHa B.B. JlokyuaeBbIM B KOHIIE
XIX Beka ([loxyuaes, 1950). OaHako, BOILIONMICHWE STOW MPHUHIIUIIHAIBLHON MBICIH TpeOyeT
COOTBETCTBEHHO MOJHON U Pa3HOOOPa3HOI MHPOPMALIUN COEAMHEHHOMN € aJIeKBaTHO CIIOKHBIMU
CPE/ICTBAMHU €€ aHallk3a, COBPEMECHHBIMHU HMH(OPMAIMOHHBIMU TexHoiorusimu u 1p. (CaBuH,
2003).

B Hacrosmiee Bpemsi kapTtorpaduueckue paboTel B PecrmyOnuku BemayTcsi BBIOOPOYHO,
CHWJIaMM HayYHbIX YUYpPEKICHUH W BY30B, HO IOTPEOHOCTh B KAUYeCTBEHHBIX I1OYBEHHO-
KapTorpaHuueckux HCCIEIOBaHUAX M MaTepuaigax Bo3pacraeT. Pa3BUTHEM COBpEMEHHBIX
UH(POPMALIMOHHBIX TEXHOJIOTUH, clieslald BO3MOXKHBIM IIPeoOpa3oBbIBaTh JaHHbIE B HU(PPOBOH
BU s mocnenyromeit 0opadorku B ['MIC, 4T0 MO3BONIMIIO UM CTaTh - OCHOBHBIM MCTOYHUKOM
IpocTpaHCTBEHHON MH(popmanuu. [losBiIeHreM NepCOHANbHBIX CTaHIUI MpHeMa KOCMHYECKON
uHpopmanuu u 6osee coBepuieHHbIX [ MIC—TporpamMm, MO3BOJISIONUX JIFOOOMY ITOJIB30BATEIIO
JUYHO MPUHUMATh JaHHbIE W3 KOCMoOca M Mpo(ecCHOHANbHO MX 00pabaThiBaTh, YTO CTaJlO
OTPOMHBIM IIarOM B HAyYHO—TEXHUYECKOM IPOTpecce W pPa3BUTHUH KapTorpadupoBaHusd U
JUCTAaHIIMOHHOTO 30HAMpOBaHUs B LenoM. IlocnenHue gecaTuneTwss crajio  IMIMPOKO
NPUHUMATBCAd B OOJACTH COCTABJIEHUS JJIEKTPOHHBIX BEpPCUH KapT, € MPUMEHEHUSIMHU
kocMocHMMKOB. C  momompto  reorpaguyeckoit  uHpopmarmonHoi cucremsl  (I'MC),
BOIUIOIIAETCS B KU3Hb NPHUHLMIIMAIBLHO HOBBIA MMOAXO0J B paboTe € MPOCTPAHCTBEHHBIMHU
JTAHHBIMM, TPOUCXOAUT AKTHBHOE M IMOCTOSIHHO YCKOPSIOILEECS pa3BUTHE MH(OPMAIIMOHHBIX
TEXHOJOTMII M HUX BHEIPEHHE BO BCE CQepbl UeIOBEUECKON nesTenbHOCTH. MHTerpanus
COBPEMEHHBIX T€OMH(pOPMALMOHHBIX TEXHOJIOTMH 3aTpOHY/lIa M Hayku O 3emje. B Haykax o
3emjie MH(OpPMAIMOHHBIE TEXHOJIOTUM MOPOAWIA TEeOMH(POPMATUKY U reorpapuyeckue
uHpopmannonnsie cuctembl (I'MC), koTopble nanu reorpaguu HOBBIA MOIIHBI MHCTPYMEHT
aHaJM3a ¥ IPUMEHEHUs TPOCTPAHCTBEHHOM reorpaduyeckoit uapopmarmu (bepnsar, 1996).

OTO HampaBl€HHE SBISAETCA ONPEIEIAIOIIEH TEHACHIMENH BCEX COBPEMEHHBIX
HaIpaBJIEHUH MPUPOJOIOJIb30BaHUs, B TOM uucie mouBoBeneHus. [lpu wucciaenoBaHuu
IIOYBEHHOTO IIOKPOBA  CEJIbCKOXO3ANMCTBEHHBIX TEPPUTOPUIl CTOMT 3ajJadya  CO3JaHUs
arpo3KOJIOTUYECKH OPHEHTHPOBAHHBIX IMOYBEHHBIX KAapT € y4yeToM HUX jaerpagamuu. Ux
OTJIMYMUTEIIbHAS YepTa:

e HampaBieHHOCT, Ha MakKCHMajJbHO TIIOJIHOE OTpPaXEHHE Ha TOYBEHHBIX KapTax
arpo3KOJIOTUYECKH 3HAUMMBIX IIOKa3aTeNiedl, XapaKTepU3YIOUUX JUMUTUPYIOIIHNE
3emJiesienuu (paKkTopsl U MPOSBICHUS arpOreHHOM Jerpajaluy NOYBEHHOTO TOKPOBA;

e HampaBieHHOCT, Ha MOCJIENYIONIYIO arpo3KOJOTHYECKYI0 HHTEpIPEeTalui0 Ha BCeX
JTanax MUccle0BaHuUs;
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e licnosnb30oBaHuEe arpO’KOJIOrHYECKUX KPUTEPUEB IIPU U3YUYEHUU CTPYKTYPBI IIOUBEHHOIO
MOKPOBA, THITM3AIUHU MMOYBEHHBIX KoMOuHanui (Jlypee, 1997, Jixxanunosa, 2017).

MATEPHUAJIBI 1 METO/1bI

Jlnist cocTaBIIEHUS! arpo’KOJIOTHYECKH OPUEHTUPOBAHHBIX MMOYBEHHBIX KapT Mbl MIPOBEIN
or6op wuH(oOpMaMK ¢ TomorpapuuecKkod KapTbl MECTHOCTUM HCCIEIOBaHMS, a TaKxKe
cnyTHHKOBBI cHUMOK cucteMbl QUICKBIRD. CkanupoBanue MCXOJHON OyMa)KHOW OCHOBBI
ObUIO IPOBEIEHO C MOMOIIBIO IUIAHIIETHOI'O CKaHepa HEMOCPEACTBEHHO Ul KaKJOoro JIHCTa
(mmanmera) kapTel. [IpeoOpa3oBanue pactpoBoro u3zoOpaxkeHus B rpaduyeckue Gopmarsl jpg
(vt bmp, tiff) 6bpu10 TPpOBEeHo B iporpamme Photoshop.

B ocHoBe cocraBineHue KapT Ha OCHOBE TeoMH(pOpMaTHKU JeKUT 0a3a naHHbIX (BJ])
OINpENIeNICHHOW CTPYKTYpbl M cocTaBa. Bo-mepBblX, 0a3a [JaHHBIX JOJDKHA COJEpXKaTb
UHPOPMALIMIO O MPOCTPAHCTBE, OHA OMpEAENSCTCS HE TOJBKO YPOBHEM O000OIICHHS, HO U
cneuu(UKoi MPUPOAHBIX YCIOBUH pETrMOHA HUCClIelNOoBaHMW. B 3TOT OJIOK BXOIAT Takke U
MaTepHalbl AUCTAHIIMOHHBIX HCCIIeOBaHM. BO-BTOpBIX, 0a3a MaHHBIX CONEPKUT JAHHBIE O
CBOMCTBaX IOYB KOHKPETHBIX Pa3pe30B C TOUHOW MNpHUBSA3KOH Ha MecTHOCTU. [Ipu B3dTuUM
pa3pes3oB OMpPENeNsINCh KOOPAUHATH MECTO, HaOOp CBOWCTB IOYB JIOJKEH 00ecreyuBaTh
HOJIHBIM aHAJIM3 TOYBEHHBIX PECYPCOB, @ TAKXKe COCTABIISJICS MOJHBIN MEepeyeHb BCEX 00BEKTOB
no ciosiM. st aToro HeoOXoauMo OBLIO pa30UTh BCE MHOXKECTBO OOBEKTOB Ha JIOTHYECKHU
CBSI3aHHBIE TI0 CMBICIIOBOMY 3HAUEHUIO TPYIIIbI, Ha3bIBaEMbIE CIOSIMHU (CII0M ruaporpaduu, cion
PaCTUTENBHOCTH, CJIOW 3KCIIO3HIIUI CKIOHOB | T.1.), (Meromosnorus, 2006).

B coznanuu takux 1u@poBbIX KapT - OCHOBHOW 3Tal BKJIKOYal B ce0sl CIEAYIOIINE BUIbI
pabor:

e [IpUBSI3KA PaCTPOBOI0 M300paxKeHus (pacTpoBas IOJI0XKKA),
CILIMBKA [UIaHIIETOB pacTpa;

e BeKTOpHU3alMs (CO3/1aHNE BEKTOPHON MOJIEIIN);

® pa3HeceHHUe Pe3yabTaTOB OLU(PPOBKH IO dIEKTPOHHBIM CIIOSIM;

e CO3JaHUE M0JIeH U 3aHeceHue aTpuOYTUBHON MHPOPMALMK B KaXKIOM 3JIEKTPOHHOM
clioe.

PE3YJIBTATBI U OBCYXIEHUA

[IpuBsizka pacTpoBOro M300paKEHUS BBIMONHAJCS MO TOYKaM C H3BECTHBIMU
reorpaUueCKUMH KOOpPAMHATAMHU HJIM KaK KapTa-cXeMa B YCIIOBHOW cucTeme koopauHaT. Ha
JTAHHOM 3Talle BBIMOJIHAETCS MPUBSI3Ka BCEX PACTPOBBIX IUIAHIIETOB. OHAKO, KaXK/IbIH MJIAHIIET
XpaHUTCs B cBoel Tabnuie. s ynoOcTBa OpHeHTAIMH TI0 TUTaHIIeTaM OyEeT COCTaBJIEHA CETKa
C yKa3aHHMEM IpaHull IJIaHIIETOB U UX HOMEHKJIaTypa.

[lonydyenne SnEKTpOHHOW LHU(POBOM KApPTOOCHOBBI TEPPUTOPUU  HCCIIEIOBAHUS
CUMTAETCSl 3aKOHYEHHBIM TOTAA, KOTJa BCE OJJIEMEHThl KapThl COMIACHO TEMAaTHYECKUM
AJNIEKTPOHHBIM CJIOSIM OYIyT OlU(POBaHEI, T.€. MPOBEACHO CEMAHTHYECKOE OMHUCAHNE O0BHEKTOB
U cOOp reoMeTpu OOBEKTOB. DIEKTPOHHBIE CIIOU OOBEIUHSIOT OOBEKTHI MO €IMHOOOPAa3HOCTH
cMbiciioBoro cogaepskanus uHpopmarmu. [Iporpamma 'MC ARC/INFO mo3Bomsier co3maBath
HEOTpaHMUYEHHOE 4YHCIO cloeB. OToOpakeHHE TOUEYHBIX M JUHEHHBIX OOBEKTOB TPeOyIOT
CO3JIaHUE OTIENIbHBIX AeKTPoHHBIX ciioeB (["adyposa, xanmunosa, 2017).

[Tocne ouudpoBku M omucaHe OOBEKTOB BBHIMONHIIOCH (POPMHUPOBAHUE ATPUOYTHKH
00BeKTOB. JlJ1sl Ka’kJI0ro ClI0sl CO3/1aBajioch CBOs 0a3a JaHHBIX, KyJa 3aHOCHJIaCh aTpUOyTHBHAs
uH(popmanus 06 o0bekTe. JJaHHbIe BBOAMINCH OTICTHHO HA KAXK/IbII OOBEKT.

B xaxmoMm 2JEKTPOHHOM CJIO€ TIPU OMUCAHUU OOBEKTOB CO3/aBAIUCH TMOJISI aTPHOYTOB
o0BeKTa € yKa3aHMeM THWIAa JOKaIW3auu (IJIOUIAJHOM, JIMHEWHOW, MOJOCHOW, JTOMaHHOMN
MTOJIOCHOH ).

Ha ocHOBe cKkoOppeKkTHpOBaHHBIX 0a3 JaHHBIX CO3JAaeTCA CepHsl DIEKTPOHHBIX
TeMaTUYeCKNX KapT ¢ wuHpopmamuer. X OCHOBHOE OTIWYME OT HMCXOJHOTO MaTepuaia
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3aKJII0YAETCS B TOSBJICHUM OOJBIIOTO KpPyra BO3MOXHOCTEH Ui 000COOJIEHHUS MOYBEHHO-
naHamadTHRIX BbIACOB. Hampumep, Ha 6aze GpakTopHOM KapThl pelibeda MOTYT ObITh TOJTYICHBI
B @BTOMATHYECKOM PEKUME KapThl KPYTH3HBI M DKCIIO3UIIMOHHOCTH CKJIOHOB (puc.1, 2), cTteneHu
pacuwieHnenus penbeda u T.1. [louBeHHBIE pa3pesbl, HMEIOIIe reorpaduieckue KOOpAUHATHI U
XapaKTepU3yIOIIMe BCE  HEOJAHOPOJHOCTH  IMOYBCHHOTO  TMOKPOBAa,  JOJDKHBI  OBITh
OXapaKTEePHU30BaHbI TIOJHBIM HA0OPOM IMTOYBEHHBIX XapPaKTEPUCTHUK.
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Pucynox 2. Pe3ynpTrpyromasi KapTa SKCIIO3HUIH CKIIOHOB

Bonpme TexHMuecKrue BO3MOKHOCTH KOMIBIOTEPHBIX TEXHOJOTUW MPU BU3YyaTU3ALMHU
MOYBEHHOM W JApPYyrod TeMaTH4YecKoW WHQOpPMAlMh OTKPBHIBACT IIUPOKHE BO3MOXKHOCTH
MaHUITYJIUPOBATh C OTAECJNbHBIMH CJIOSIMA TOYBEHHBIX JIaHHBIX B COYETAHUU C HWHOU
IPOCTPAHCTBEHHON wMHMoOpManuend i TOJydeHus JI000ro KOJIMYEeCTBa IMPOU3BOJIHBIX
WHTEPIPETALMOHHBIX W MPUKIAIHBIX KapT. Mbl B XOJ€ HCCIEAOBAaHUM CMOIVIM TOJIYyYUTh
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CBeZIcHHE O (DAKTHYECKOM COCTOSTHUU 3eMelb. Kputepuem arposkoiaoruaeckoil rpymnmupoOBKY 110
CTENEeHH 3PO3MOHHOMACHON ONAaCHOCTU SBISIUCH clieAyronue (akTopbl: Tomorpaduueckue
(9KcTo3uHs, KPyTU3HA U (opMa CKIIOHOB) U MOYBEHHBIE (KOJMYECTBO r'yMyca U KapOOHATOB B
MOYBE, a TAK)KE KOJIMYECTBOM MOTEPU I'yMyca OTHOCUTEIBHO HECMBITOM MOYBHI).

3AKVIIOYEHUSA

Bbime  ykasaHHas =~ MeTOIMKa — TO3BOJIMJIA  pa3paboTaTh  arpo’KOJIOTHYECKOe
paiioHMPOBAHNE SPO3UOHHOOIIACHBIX 3€MEIb HCCIICyEMOW TEPPUTOPHH, UTO SIBISICTCS HAYYHOH
OCHOBOH yCTOHYMBOIO WCIIOJB30BAHUS 3E€MEIbHO-BOJHBIX PECYpPCOB IyTeM OOpBOBI ¢
9PO3MOHHBIMU SIBICHHSIM PETHOHA, CO3JaHMs 0a3 JaHHBIX, aBTOMAaTH3alMd B Kaprorpadwuwu,
reorpagpuuecKkoro MOJICTTUPOBAHUS, BHEJPCHUS MTOYBOOXPAHHBIX MEPOIPUSATHSI,
BOCCTaHOBJICHHSI, COXpAaHEHHUs U MOBBIIIEHUs TUTogopoaus mous [["adyposa, Ixamuaosa. 2017].

Takxe HEOOXOIUMO OTMETHUTh, YTO HCIOJB30BAHNUE arpOdKOIOTHYECKUX KPUTEPUEB MPU
U3YYEHUH CTPYKTYpbl TIOYBEHHOTO IIOKpOBAa, TIPU TMPOTHO3€ W OICHKH Pa3JIUYHBIX
JIeTpaJallMOHHBIX MPOIIECCOB MOYB TO3BOJISIET CO3JAaTh JIETKO TPaHC(HOPMHUPYEMYIO KapTy s
Pa3InYHOTO Ha3HAYCHUSI.
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Abstract. Type and quality of soils, as a natural resource, plays a crucial role in the growth and
evolvement of plants, and therefore also on different tree species. However, certain pedogenetic factors
have greater or lesser impacts on suitability for the growth and development of certain tree (forest)
congregation. Natural potentials, which together with soil play an important role, both in the creation of
soil and as basic elements of the environment, are relief, climate and vegetation. These elements are key
to land-use planning based on sustainable development. The paper survey evaluation of natural
potentials: relief, climate, soils and vegetation cover, for the needs of forestry development in the part of
the Municipality of Pale (the mountain area of Ravna Mountain and its foothill Pale Valley) in Bosnia
and Herzegovina. Using rating method and the AHP method in combination with GIS techniques, maps
were obtained for eight analysed criteria of previously mentioned natural potentials. The result of the
work is a synthesis map obtained on suitability maps of each of the eight criteria. With this map we have
gualitatively identified areas that, in terms of natural potentials, provide the most optimal conditions for
the growth and development of certain types of trees. In the evaluation process, were determinate
eliminatory areas which are exempt from evaluation, due to primary function settlement, infrastructure,
but also areas contaminated by land mines, as well as due to the specificity of physical-geographical
features of the area.

Keywords: natural potentials, soils, geoecological evaluation, AHP, GIS, forests.

INTRODUCTION

Determination of areas optimal for the development of forestry, but also the usefulness of
forest areas for a number of other functions (reduction of erosion, more balanced runoff of
rainfall and improve the aquifer feeding, etc.), must be based on the research results with the
primary goal of providing objective assessments of possibilities for development and existence
of the forest cover on the basis of pre-conditions of the environment. There are some papers that
deal with explored area from the point of geoecological evaluation (Golijanin, 2011; Golijanin
and Ljesevi¢, 2011; Golijanin, 2015; Golijanin, 2017), but this is the first work that treats this
area exclusively from the point of natural potentials benefits for growth and development of
forests.

The study area is located in the central part of B&H, in the south-eastern part of the
Republic of Srpska, expanding from 43°43'31 "to 43°50'18" north latitude and from 18°31'01"to
18°43'09" east longitude by Greenwich (Figure 1). The area of the RavnaMountain and the
PaleValley in the geotectonic aspect belongs to the central parts of the Dinaric mountain system,
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central Dinarides. Complete studiedarea of a total of 117 km? belongs to the territory of the
Municipality of Pale, i.e. is located within the larger territorial-administrative unit —City of East
Sarajevo.
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Figure 1. Location of Ravna Mountain and Pale Valley in B&H and Republic of Srpska
Source: ESRI ArcGIS Resource Centers - Topographic map, http://goto.arcgisonline.com

Forests are well presented in this area and they are important natural resource which need
to be considered in guidelines for sustainable development. Forests, as preserved ecosystems, are
ideal areas for recreation (if some other factors do not decrease this feature) and their value is
further enhanced by this aspect. Also, in the total forest stock, the allochthon species of trees are
relatively modestly represented, what is an additional benefit. The pedological potential of forest
ecosystems is based on the combined activity of other natural conditions. Regarding relief, the
study area is of a mountain character (average elevation 1064 m). In climatic terms, relatively
high temperature fluctuations occur between the warmer and colder season of the year, and
between the day and night (seasonal and daily temperature fluctuations), with significant
precipitationthroughout whole year. Also, complex geological structure is presented, with the
prevailing clastic and limestone rocks. The role of water is significant because the precedence of
numerous river and river valleys and it is also well drained. Dynamic relief, hydrographic
network, climate, vegetation cover, etc., caused the development of different types of soils.
About 63% of the area is covered by forests and forest soils (Milovanovi¢, 2002). There are
presented soils on limestone and dolomites, sandstones and clays, as well as soils of alluvial
plains.

MATERIALS AND METHODS

The identification and determination of the suitability of natural resources for the
development of forestry in the analysed area was performed using the methods of geoecological
evaluation, ie. by integrating rating method and the analytical hierarchical process (AHP) model
with the geographic information system (GIS). For analysis and evaluation were used different
published documents, graphical and cartographic data sources, as well as field research.

The AHP method (Saaty, 1980) is one of the most common methods used in the
evaluation that precedes decision making, in cases where the decision depends on several
attributes used as criteria. The model for geoecological evaluation of natural potentials based on
the AHP method contains a larger number of criteria, which do not have the same importance,
and it is possible to carry out detailed evaluation on the basis of additional models as well as in
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interaction with GIS to obtain definitive quantitative indicators for fluctuations in subjectively
obtained quantities. At the start of applying of this method, a hierarchical model and its elements
were defined: relief, climate, soil and vegetation cover (Figure 2).
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Figure 2. Flowchart of natural resources evaluation for forestry purposes

In the process of selecting of relevant criteria used in the process of evaluation of natural
resources for forestry purposes, we were guided by recommendations from the forestry literature
and practice, as well as the methodological setup of papers and case studies treating FAO
evaluation for forestry purposes (FAO, 1984; Purnell, 1984; Agrions, 2013; Tulay and Cengiz,
2009; Trendafilov et al., 2010; Govedar, 2011; Jovanovi¢, 2000).

Based on the bioecological characteristics of the forest vegetation registered in the
studied area, we have conducted an evaluation of the natural potentials for individual tree
species, which are represented in a larger percentage in this area. According to the detailed data
basedon forestry maps, it has been concluded thatfollowing tree species are mostly represented
in the studied area: conifers: spruce (Picea abies L.), fir (Abies alba L.), black pine (Pinus nigra
Arn.) and scots pine (Pinus silvestris L.); but also deciduous: beech (Fagus silvatica L.), sessile
oak(Quercus petraea Leibl.), and to a lesser extent sycamore and mountain maple (Acer
pseudoplatanus L. and Acer heldreichii), Austrian oak (Quercus cerris L.) and common
hornbeam (Carpinus betulus L.).

Geoecological evaluation of soils and other natural potentials of the studied area in terms
of the suitability for the development of tree species, i.e. of their forest communities was made
for the predominantly represented tree species, but also for the noble species of sycamore and
mountain (Greek) maple, which are currently present with a reduced proportion, but whose areas
have been significantly larger in the past.

RESULTS AND DISCUSSIONS

Ratings that are suggesting the level of suitability of physical-geographical parameters for
the development of particular tree species(Table 1), were performed using the methodology of
evaluations used in papers treating similar issues (FAO, 1984; Purnell, 1984; Agrions, 2013;
Trendafilov et al., 2010), as well as based on data on the amplitudes of physical-geographical
factors for each species individually, which are given in the general forestry literature in the field
of forest cultivation in the Western Balkans (Govedar, 2011; Jovanovi¢, 2000; Fukarek, 1943,
etc.). After the criterions and sub-criterions were separated, the method of rating was used to
estimate them (the scale was divided into nine rating categories, with the highest relative value
being category 9 and the lowest category 1).
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Table 1. Rating of criterion attributes forprior evaluationfor species: fir, spruce, pine, scots pine, beech,
sessile oak, sycamore and mountain maple

Rating category
Criteri . . syc. &
riterion Attributes fir spruce black | scots beech sessile m
pine pine oak X
maple
< 800 3 1 6 4 3 9 1
800-900 5 3 7 5 5 9 3
Elevation (m) 900-1000 7 5 9 7 7 7 5
1000-1250 9 7 7 9 9 5 7
1250-1500 7 9 3 5 5 1 9
> 1500 5 7 1 3 3 1 5
0-5 9 9 5 7 9 9 9
. 5-12 9 9 7 9 7 7 7
< | Slope (°) 12-20 7 7 9 7 4 4 5
x 20-32 3 5 5 5 1 1 1
> 32 1 3 3 3 1 1 1
flat areas 5 3 5 4 3 4 5
S 1 1 9 9 1 9 2
o SE, SW 3 3 9 7 3 7 3
Aspect() E,W 5 5 6 5 7 5 5
NE, NW 7 9 3 3 8 3 7
N 9 9 1 1 9 1 9
. 8-10 4 3 9 7 5 9 3
Alr 68 7 7 7 9 7 5 7
@ | temperature( 46 9 9 5 7 9 3 9
£ 2.4 5 9 3 5 7 1 6
O Precipitation 900-1000 5 3 7 9 5 9 7
(mm) 1000-1250 9 6 5 7 9 6 9
1250-1500 7 9 3 5 7 3 5
lithosol 1 1 5 5 1 1 1
sirozem 1 1 5 5 1 1 1
rendzina 7 7 9 7 7 7 7
8 | Soil types ranker 5 5 7 5 5 5 5
% carbonate brown soils 7 7 5 5 7 7 9
& silicate brown soils 8 8 5 5 8 7 7
s alluvium.-deluvial soils 1 1 1 1 1 3 1
gn third (111) 1 1 1 1 1 2 1
g fourth (1V) 3 3 3 3 3 5 3
& | Soil rating fifth (V) 5 5 5 5 5 7 5
classes sixth (V1) 9 9 7 7 9 9 9
seventh (VII) 7 7 9 9 7 7 7
eighth(VII1) 3 3 7 5 3 1 1
discontinuous urban fabric elim elim. elim. elim. elim. elim. elim.
2 sport and leisure facilities 1 1 1 1 1 1 1
5 pastures 5 5 5 5 5 5 5
§ complex cultivation patterns 1 1 1 1 1 1 1
% land principally occupied by
.2 | Usage and agriculture, with significant 3 3 3 3 3 3 3
S | land use areas of natural vegetation
g broad-leaved forest 5 4 5 5 9 9 7
2 coniferous forests 9 9 9 9 5 4 7
8 mixed forest 7 7 7 7 7 7 9
@ natural grassland 3 3 3 3 3 3 3
mined and areas unsuitable for | elim . . . . . .
. elim. elim. elim. elim. elim. elim.
afforestation

Sources: FAO, 1984; Agrions, 2013; Trendafilov et al., 2010; Govedar, 2011; CORINE Land Cover 2006;
BH-MAC 2012; Petronicet al., 2009

An eliminatory category was also included. The impact of hydrological criteria was not
analysed in the evaluation process due to the lack of specific data and examples from the
literature. Soils intended for forestry production is rated classes VI, VII and partially V11, while
the V class is the marginal area more intended for agriculture.
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Based on the ratings from table (Table 1), criterion maps were made using GIS. Total
number of maps was 56 (8 criteria maps for each of the seven tree species). These maps were
used as a guide in the process of obtaining suitability maps for each of the seven forest types
covered by the evaluation, which was preceded using AHP evaluation method, i.e. derivation of
a comparison matrix for eight criteria, based on which their weight coefficients were calculated
(Table 2). The criteria in Table 2 are labelled: C1 — elevation; C2 — slopes; C3 — aspect; C4 — air
temperature; C5 — precipitation; C6 — soil types; C7 — soil rating classesand C8 — usage and land
use.

Table 2. Comparison of total forestry criteria by level of importance with weight coefficients

C1 c2 C3 C4 C5 Cé Cc7 C8
C1 1 3 1/3 1/2 1/3 1/3 1/3 3
Cc2 1/3 1 1/5 1/3 1/5 1/3 1/3 2
C3 3 5 1 1 1 1/3 1/3 3
C4 2 3 1 1 1/2 1/3 1/3 3
C5 3 5 1 2 1 1/2 1/2 3
C6 3 3 3 3 2 1 3 4
Cc7 3 3 3 3 2 1/3 1 4
C8 1/3 1/2 1/3 1/3 1/3 1/4 1/4 1

Weight (w) | 0.0748 | 0.0476 | 0.1267 | 0.0996 | 0.1474 | 0.2654 | 0.1999 | 0.0386
Degree of consistency CR= 0.06

Weight coefficients obtained (elevation wl = 0.0748; slopes w2 = 0.0476; aspect w3 =
0.1267; air temperature w4 = 0.0996; precipitation w5 = 0.1474; soil types w6 = 0.2654; soil
rating classes w7 = 0.1999 and usage and land use w8 = 0.0386), indicate that pedological
criteria have a dominant influence among environmental factors. Relief and climatic criteria have
smaller but approximately uniform spheres of influence, while the biogeographic criterion has
the lowest weight coefficient.

Certain criteria of relief and climate individually have higher values (precipitation and
aspect) because they can often crucially affect the spatial distribution of forests, when other
natural conditions are favourable. The biogeographic criterion has smallest value because it
mainly reflects the current state of land use and usageso it is subject to changes due to
anthropogenic influence and can be adapted to the goals of evaluation. It is noted that the
summary results of the weight coefficients for relief (0.2491) and climatic (0.2470) criteria,
which cannot be fundamentally directly affected, shows a levelled weight ratio. The assessment
of the relative weight of the individual criteria is consistent, as indicated by the value of the CR
degree of consistency of matrix, which is 0.06. This indicator points to objectivity in the
decision-making process.

The next step of the evaluation was the operation of summation of the raster data
multiplied by the obtained weight coefficients. This is done using the GIS. This resulted by
seven thematic maps (layers) for each forest species individually, which were then overlapped to
obtain a map of the suitability of area for forests and forestry development (Figure 3). Due to the
volume of data, the data were generalized when calculating this map. In the overlapping process,
pre-made suitability maps with a rating range from 7 to 9 (areas with the highest rating scores)
were used.
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Figure 3.Suitability map of natural resources for forestry and evaluated categories

The analysis of the map (Figure 3) indicates that the natural factors of the studied area
provide the most potential for the growth of sycamore and mountain maple in the area of Ravna
Mountain. These species occupy 9.5% of the area rated from 8 to 9, i.e. as the highest 9 rating
category. Territories categorized as predominantly very valuable for forest development occupy
23.1%, and more than half of the studied area 55.61% occupy predominantly valuable terrains
(rating categories 7). In most cases it is an area already overgrown by forest vegetation,
dominated by fir, spruce and beech forests; but also, oak forests in the congregationor as uniform
forests. Relatively satisfactory areas were singled out under the category <7 along with all other
categories with lower grades. These areas are located near larger watercourses with a share of
5.38%. The areas categorized as eliminatory cover an area of 7.21 km?, i.e. 6.18%. These areas,
beside urban areas (the lowest part of the Pale Valley), include mined areas, areas unsuitable for
forest growth due to power lines, gondolas or other infrastructural uses.

97



CONCLUSIONS

Forest ecosystems located in the Dinaric Alps, are of utmost importance in terms of area
and conservation of forests in B&H. The area under study (especially the Ravna Mountain area),
which belongs to the Dinarides, is characterized by good forest cover, which is in nowadays
endangered by human activity. The paper analyses the benefits of natural conditions, such as:
land, relief, climate and vegetation (land use), for the growth and development of certain types of
forests and forest congregation. The natural conditions (criteria) were analysed using the rating
method and the AHP method in combination with GIS for seven forest species — conifers: spruce
(Picea abies L.), fir (Abies alba L.), black pine (Pinus nigra Arn.) and scots pine (Pinus silvestris
L.) and deciduous: beech (Fagus silvatica L.), sessile oak (Quercus petraea Leibl.), sycamore and
mountain maple (Acer pseudoplatanus L. and Acer heldreichii).

During the evaluation, it was concluded that the pedological criteria had the greatest
impacts, while the other criteria have smaller influence. However, their combined role is
extremely significant. They serve as important modifiers of possibilities that fundamentally are
provided by pedological conditions, and by their share impact on the classification and location
of terrain suitable for the growth and development of different forest species. The results are
summarized in a map of the suitability of studied area that has given us quantitatively identified
areas that provide the best natural conditions for the analysed activities (forestry).

The evaluation showed that there are good possibilities for development of forests and
forestry in the studied area. In terms of individual types of forests, the highest rating range was
recorded, ranging from 8 to 9 (rating 9), which covers about 10% of the area. Most of these most
valuable areas are on the Ravna Mountain, whose area has generally proved to be highly suitable
for the growth of most species of analysed species, and especially for forests of sycamore and
mountain maple, as well as mixed forests of fir, spruce, beech and maple. Also, this area is
predominantly suitable for the development of oak forests and other deciduousforests in lower
parts of area. The worst conditions have been established for the development of forests in which
the predominant species are black and scots pine (scots pineoccurs in greater proportion in the
community with fir and beech or oak). The results are very similar to the real situation because
these forests are widespread in the studied area, while maple forests were occupying much larger
areas in the past but in nowadays are represented with reduced share due to anthropogenic
exploitation.
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GENESIS AND EVOLUTION OF BLACK SOIL IN THE EASTERN
MEDITERRANEAN
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Abstract. The knowledge about the genesis and evolution of black soil in the eastern Mediterranean is
vital for sustainable land management, as well as to reveal the current and past climate condition that
were vital for their evolution and developing. The importance of studying this type of soil because their
occurrence is rare in the semi-arid environment, Also in its environment, many answers lie to the
conditions of formation and type of ancient climate that prevailed during its developing. The black soils
currently present in the eastern Mediterranean were studied in different Bioclimate areas and were found
to be genetically belonging to two broad of soils categories; 1-organic black soils, 2-soil with intense
biological activity. For the black organic soils, two forming factors are shaping the soil characteristics
(color, depth), namely the parent material and the relief. The impact of parents is reflected in the
emergence of different organic soils such as Rendzina on limestone, chalk, sandstone, conglomerates, and
claystone. Reddish Rendzina on Dolomite and hard limestone. Grayish Rendzina on Serpentine.
Haploxerolls (Calcic Chernozems) occurs on calcic marl and lacustrine deposits. Whereas the impact of
relief was clear on the depth of soil, Typic Rendolls (Rendzina) on toe slope and feet slope, Lithic
Rendolls (Para-Rendzina) on shoulders and Chernozems on a flat plain. The second category is an
intensive biological activity soil found in the continuously irrigated flood plain for at least 2,500 years
(Damascus Ghota) and in the oasis of Palmyra. This soil has high organic matter content due to long
agriculture activity and great depth (>1m) by a very intense biological activity of animal reworked major
part of the soil and consists mainly of worm casts. This soil meets the organic carbon requirement of a
mollic epipedon, but not the color requirement.

Key words: semi-arid, Rendzina, Chernozems, intensive biological activity soil, eastern Mediterranean.

INTRODUCTION

Black soils is the soil of high production potential for agriculture (Smreczak et al., 2018)
and hosts the largest terrestrial carbon pool and play a crucial role in the global carbon balance
by regulating dynamic biochemical processes and the exchange of greenhouse gases with the
atmosphere. In the eastern of the Mediterranean with the xeric soil moisture and thermic
temperature soil regime, made this region not favorite for forming and developing such kind of
soil. However, it still existed in small areas and their occurrence is still a mysterious
phenomenon. This soil has been studied by (Muir, 1955, Van lier, 1965, Zain al abdeen, 1978,
Nahal, 1982, Illawi, 1983). Nevertheless, most of these studies were in brief not in-depth or
detailed, as they were limited to study the properties without addressing the origin and the
factors of forming.

MATERIALS AND METHODS

The black soils were studied at five bioclimate areas according to pluviothermic quotient
of Emberger L. (1955), included upper humid stage cold, lower sub humid stage fresh and
temperate upper semiarid stage and very arid. These areas receive annual precipitation from 200
up to more than 1000 mm. This amount increases on the slopes facing south and southwest.
Climax vegetations Pinus brutia forest; the degraded areas were covered with marquis mainly
Quercus, Laurus nobilis, Pistacia terebinthus, Mrytus communis, Olea europea, Styrax
officinalis, and Tamarixssp Detailed field studies were conducted at 5 locations (Figure 1).
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Figure 1. Location of some black soils in the eastern Mediterranean

However, 7 soils profiles are reported here, Soil describing and sampling was based on
procedures of Soil Survey Division Staff (1993). The morphological study and soil profile
description were based on field book for describing soils U.S.D.A-NRCS (1998). Organic carbon
(Corg) Was determined by the Walkley-Black method (1934), modified by Nelson and Sommers
(1982). The particle-size analysis was performed by the hydrometer method, Soil Survey Staff
(1975). Soil reaction (pH) was measured in suspension of H,O (1:1), (0.01M) CaCl, (1:2) and
(1IM) KCI (1:2), Soil Conservation Service (1992).

Exchangeable cations (Ca™, Mg™", K*, N*) were estimated by Mehlich method (BaCl,-
TEA, pH=8.2). Total Nitrogen was estimated by (Kjeldahl, 1883) and (McRae, 1988). Electrical
Conductivity (EC) was measured in the suspension of H,O (1:2), Soil Conservation Service
(1992). Available phosphorus was estimated by (Olsen et al., 1954). Total potassium was
estimated by (Jackson, 1956).

RESULTS AND DISCUSSIONS

The investigated of the black soil in the eastern Mediterranean can be divided into two
categories; True black soil and Intensive biological activity soil:
1-The true black soils

1.1.Black soil developed on limestone, sandstone, chalk, and smellier calcareous

materials:

These soils occur in a humid and sub-humid Mediterranean climate, characteristic with
high organic carbon content as well as high carbonate content (Typic Rendolls-Rendzina) that
has developed from Brown calcisols by humification. On shoulders and slopes, mollic horizon is
shallow (eroded), hence the Lithic Rendolls (Para-Rendzina) occurs. The soil relatively
immature soil, not deep with one unique diagnostic epipedon of mollic that vary in depth from 5
to 30 cm as well as the horizons consequences (A, C) and sometimes with transitional horizon
AC, there is no illuvial horizon. The soil shows a strong reaction with dilute hydrochloric acid,
indicates the high content of calcium carbonate.
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Jableh

Classification USDA(2003): Typic Rendolls

Haploxerolls

Location: Lattakia Governorate, Syria. Jableh.
Coordinates: 35°25°10.67N35°5523.37E
Altitude: 28 ma. s. |

Physiography: Flat plain

Drainage class: Moderately well drained, very
slow surface run off.

Vegetation: Cultivated citrus trees

Parent material: Conglomerates calcareous,

sandstone
Date of Sampling: June 20-2007

Horizon Depth Description
(cm)

Oi 0-5 | Verydark gray (10YR 3/1 d) to black (10YR 2/1 m) sandy clay loam; slightly decomposed
plant material; slightly plastic; frequent, rounded stone, constituting approximately 10 percent
of the horizon; abundantvery fine to medium roots, mostly inside peds; abrupt smooth
boundary; pH 6.9

A 5-35 | Very dark grayish brown (10 YR 3/2 m) clay loam; massive; weak, fine, sub angular blocky
structure;firm (moist), sticky and plastic;; few, very fine and fine,discontinuous, irregular,
simple, open pores; few, fine and very fine roots, mostlyinside peds; clear, wavy boundary; pH
7.54

A2 35-50 | Dark red (2.5Y3/6 d) Sandy clay loam; fine granular structure; few, fine, vertical, inped, simple,
closed pores; few, small, soft, carbonate stones; few fine roots, inside peds; very abrupt, smooth
boundary; pH 7.8

C 55+ | Conglomerates calcareous, sandstone; very pale brown10YR8/2, pink 7.5YR8/3; pH 8.2

Basic physical and chemical analysis
Horizon | Depth (cm) | CaCOgzq pH pH Particles size distribution (%) @ mm Texture Corg%
(CaCly) 1:1 (H,0)1:1 Sand Silt Clay
Oi 0-5 2.2 7.42 7.54 54 16 30 Sandy clay loam 4.42
A 5-35 16.4 7.64 7.8 60 14 26 Clay loam 241
A2 35-50 295 8.1 8.2 46 22 32 Sandy clay loam 0.9
C 55+ 44.0 7.42 7.54 40 40 20 Sandy clay loam 0.1
Horizon | Depth (cm) Av.K Ext. P Tot-N Min- N EC CEC BS
mg.kg* mg.kg™ % mg.kg™ 1:2dS.m* meq.100g™
Oi 05 - 313 0.38 - 0.5 52.5 100
A 5-35 20.5 0.19 - 0.4 62.5 100
A2 35-50 29.0 0.08 - 0.4 67.9 100
C 55+ 19.0 - - 0.3 70.2 100

North of Lattakia

Classification USDA(2003): Typic Calcixerolls

Location: Lattakia Governorate, Syria.

Coordinates: 35°37°43.7N35°49°40.13E

Altitude: 10ma. s. |

Physiography: Flat plain

Drainage class: Moderately well drained, very slow surface run

off.

Vegetation: cultivated olive trees
Parent material: Chalk
Date of Sampling: June 20-2007
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Horizon Depth Description
(cm)
Ap 0-25 Very dark gray (10YR 3/1 m) to dark grayish brown (10YR 4/2 m) clay; slightly hard
(dry), very firm (moist), very stick and plastic; slightly plastic; many, fine, irregular open
pores; abundantfine and medium roots; clear, smooth boundary; pH 7.1
A2 25-60 Very dark gray (10YR 3/1 m) clay; moderate, medium, subangular blocky structure; firm
(moist), very sticky and very plastic; fine, vertical, irregular open pores; fine to coarse
roots; gradual, smooth boundary; pH 7.4
lIC1 60-90 Light gray (L0YR7/1 d) clay; weak, fine, subangular blocky structure; firm (moist), very
fine and fine roots; pH 7.8
11C2 90+ Chalk; white 10YR8/1, pH 7.9
Basic physical and chemical analysis
Horizon | Depth | CaCOs pH H Particles size Texture | Cog% | Tot-N Ext. P EC
(cm) % (CaCly) H % 11 distribution (%) @ mm % P,0Os 1:2
1:1 (H0)1: Sand | Silt | Clay mg.kg? ds.m?
Ap 0-25 25.0 6.9 7.1 31 38 41 Clay 2.4 0.17 12.4 0.5
A2 2560 | 36.4 7.2 74 32 26 42 Clay 2.1 0.1 14.3 0.3
Cl 60-90 | 67.9 7.64 7.8 31 29 44 Clay 0.4 0.08 4.2 0.4
11C2 90+ 83.23 7.71 7.9 13 29 58 Clay 0.1 - tr. 0.3
Horizon Depth CEC BS Extractable Bases meq.100g™
(cm) meq.100g™ H Ca K Mg Na
Ap 0-25 58.5 100 - 22.0 >100 - -
A2 25-60 69.5 100 - 29.5 >100 - -
lIC1 60-90 65.9 100 - 23.0 >100 - -
11C2 90+ 43.2 100 - 31.0 >100 - -
Der Authman

Classification USDA(2003): ClacicPachicHapoloxerolls
Location: IdlebGovernorate, Syria. Jisr al-Shughur, Der
Authman

Coordinates: 35°58'22.8N36°19°16.2E

Altitude:
Physiography: undulating hills

Drainage class: well drained

Vegetation: cultivated olive andalmonds tress
Parent material: Limestone

Date of Sampling: May 12-2010

325ma.s. |

. Depth _—
Horizon (cm) Description
Ap 0-20 Very dark grayish brown (2.5Y3/2 d) Sandy clay loam; midrate, medium, fine granular
structure; many, fine, horizontal, inped, simple, open pores; plenty, fine roots, between
peds; abrupt, smooth boundary; pH 7.52
A2 20-45 Dark olive brown (2.5Y3/3 d) Sandy clay loam; fine granular structure; few, fine, vertical,
inped, simple, closed pores; abundant, small, soft, carbonate accumulation on ped faces;
few, fine roots, between peds; abrupt, smooth boundary; pH 7.52
A3 45-55 Dark olive brown (2.5Y3/3 d) Sandy clay loam; fine granular structure; few, fine, vertical,
inped, simple, closed pores; few, small, soft, carbonate stones; few fine roots, inside peds;
very abrupt, smooth boundary; pH 7.54
C 55+ Very pale brown (10YR8/3 d) Loam; pH 7.65
Basic physical and chemical analysis
Horizon | Depth | CaCOs; Particles size distribution (%) @ mm Texture
(cm) % Sand fractions Sand Silt Clay
V. coarse Coarse Medium Fine V. fine
2.0-1.0 1.0-0.5 0.5-0.25 0.25-0.1 0.1-0.05
Ap 0-20 17.2 10.64 1 6.16 217 14.5 54 16 30 Sandy clay loam
A2 20-45 19.3 40.7 0.8 5.7 12.8 0 60 14 26 Sandy clay loam
A3 45-55 22 - - - - - 46 22 32 Sandy clay loam
C 55+ 44 - 40 40 20 Loam
[ Horizon | Depth | pH [ pH ] Av.K [ AvP | TotN [ Min-N | Coy | EC |
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(cm) (CaCly) (H,0) mg.kg™? mg.kg™? % mg.kg™? % 1:2
11 11 dSl.m’

Ap 0-20 7.52 7.94 2125 14.8 0.10 8.25 0.70 0.28
A2 20-45 7.52 7.93 237.9 13.2 0.11 10.40 0.62 0.26
A3 45-55 7.54 7.99 141.7 3.4 0.08 7.37 0.47 0.23
C 55+ 7.65 7.96 20.8 2.2 0.02 7.54 0.08 0.3
Horizon Depth CEC BS Extractable Bases

(cm) meq.100g-1 meq.100g-1

H Ca K Mg Na

Ap 0-20 34.2 89.5 - 22.0 6.0 25 0.15
A2 20-45 40.0 88.16 - 25.5 6.6 3.0 0.15
A3 45-55 40.0 90.49 - 26.2 3.8 6.0 0.16
C 55+ 46.2 72.2 - 28 0.6 6.0 0.18

1.2.  Black soil developed on Serpentine

This soil occurs on the greenstone in AlBayir, northwest of Syria. The soil relatively
mature soil, with one unique diagnostic epipedon of mollic that vary in depth from 20 to 40
cm(Grayish Rendzina),and sometimes light mullicepipedon (Para-Rendzina). The soil developed
from Regosols or Lithosols by humification of surface epipedon.The horizons consequences
(A,B,C,R).

Kassab

Classification USDA(2003): Entic Ultic Hapoloxerolls
Location: Lattakia Governorate, Syria. 5 km south of
Kassab, east of the highway M1

Coordinates: 35°53°37.62N 35°59°58.04

Altitude: 480ma. s. |

Physiography: Middle slopes of high mountains
Topography: Mountainous topography with a slope
Drainage class: Well drained, rapid surface run-off, slow
permeability.

Parent material: Undifferentiated complex of igneous
rock predominated by serpentine of Mesozoic era.
Vegetation: Biome trees

Horizon | Depth Description
(cm)
Ap 0-20 | Dark reddish brown (5YR 2/2 m) and dark brown (7.5 YR 3/2 d)clay; moderate, medium,

subangular blocky structure, breaking to strong, medium, granular structure; very hard (dry),
very firm (moist), sticky and plastic; many fine and few medium, discontinuous. vertical,
irregular, open pores; frequent angular gravels and stones, constituting approximately 20
percent of the horizon; many fine to medium roots; gradual, smooth boundary; pH 6.8

A2 20-32 | Dark reddish brown (5YR 3/3 m) clay; moderate, medium, subangular blocky structure; very
hard (dry), very firm (moist), sticky and plastic; many fine and few medium, discontinuous,
vertical, irregular, open pores; few angular gravels, constituting approximately 10percent of
the horizon; many, fine to medium roots; gradual, smooth boundary; pH 6.2.

B 32-56 | Dark reddish brown (5YR 3/3 m) clay; strong, medium to coarse. subangular blocky
structure; very hard (dry), very firm (moist), sticky and plastic; continuous thin cutanes
probably of clay minerals, mostly on horizontal ped faces; few, fine, discontinuous, vertical,
open pores; few, angular gravels and stones constituting approximately 12 percent of the
horizon; many, fine and medium roots; diffuse, smooth boundary; pH 6.3

C 56-92 | Dark reddish brown (5YR 3/4 m) clay loam; moderate, medium to coarse, subangular blocky
structure;very hard (dry), very firm (moist), sticky and plastic; continuous, thin cutanes,
probably of clay minerals on mostly horizontal ped faces; few, fine, discontinuous, vertical,
open pores; frequent, angular gravels and stones, constituting approximately 35 percent of the
horizon; common, medium and fine roots; gradual, broken boundary to the bedrock; pH 6.2

R 92+ Unconsolidated and decayed green rocks (Serpentine)
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Basic physical and chemical analysis

Horiz | Depth | Particles size disruption Texture Corg. pH Carbonates as CaCOs EC Ext. CEC BS
on (cm) (%).2 mm % H0 o mm T <0002mm | mS.m- | P,Os | Cmol kg
. : 1
Clay Silt Sand 11 mgl.kg
Ap 0-20 38 16 31 Clay 13 6.8 tr. 40.7 0.14 3.7 725 100
A2 20-32 40 25 35 Clay loam 1.1 6.2 2.0 30 0.19 9.6 62.5 100
B 32-56 46 19 35 Clay 0.47 6.3 25 20.6 0.14 8.2 375 100
C 56-92 27 30 43 Clay loam | 0.2 6.2 0.5 16.4 0.23 12.0 50.0 100
R 92+ - - - - 0.1 - - - -
1.3.  Black soil developed on Dolomite

Reddish Rendzina was found dolomite, this dark dusky color soil inherited from Terra
Rossa that developed from Lithosols on hard limestone. The soil characterizes of coarse
fragments, humus-rich topsoil, good to moderate organic matter content but more than Terra
Rossa, phosphorus high content.

KarabKhalel

Classification USDA(2003): Entic Hapoloxerolls
Location: IdlebGovernorate, Syria. Jisr al-Shughur,
KarabKhalel

Coordinates: 35°59°18N36°2631.7E

Altitude: 430 ma. s. |

Physiography: undulating mountainous

Drainage class: well drained

Vegetation: Shrubs and cultivated olive tress
Parent material: Hard limestone

Date of Sampling: May 13-2010

. Depth o
Horizon P Description
(cm)
Ap 0-20 Dusky red (10Y3/4 d) clay; midrate, medium, sub-angular structure; many, fine,
horizontal, inped, simple, open pores; plenty, fine roots, between peds; abrupt, wavy
boundary; pH 7.45
A2 20-70 Red (10Y4/6 d) Clay; strong, medium to coarse, angular blocky structure; very hard (dry),
very firm (moist), sticky and plastic; continuous thin cutanes probably of clay minerals,
mostly on horizontal ped faces; few, fine, discontinuous, vertical, open pores; few; many,
fine and medium roots; pH 7.55
R 70+ Dolomite
Basic physical and chemical analysis
Horizon Depth CaCOs; | Particles size distribution (%) @ mm Texture
(cm) % Sand fractions Sand | Silt Clay
V. coarse Coarse | Medium Fine V. fine
2.0-1.0 | 1.0-05 | 05025 | 0.250.1 0.1-0.05
Ap 0-20 tra. 5.8 0.32 1.44 2.66 1.78 12 28 60 Clay
A2 20-70 | tra. 0.36 1.16 3.68 5.54 5.26 16 16 68 Clay
R 70+ - - - - - - - - - -
Horizon | Depth (cm) (C‘;gl ) (I—F|)|-C|)) Av.K AV.P TotN | Min-N | Coq Eg
11 11 Mgkg® | Mgkg® % mg.kg” % ds.m*
Ap 0-20 7.26 7.45 6714 10.9 0.23 29.65 0.74 0.39
A2 20-70 7.14 7.55 236.0 6.2 0.05 6.05 0.66 0.17
R 70+ - - - - - - - -
Horizon Depth (cm) CEC BS Extractable Bases
meq.100g™ meq.100g™
H Ca K Mg Na
Ap 0-20 41.0 92.8 - 19.9 10.3 7.8 0.06
A2 20-70 35.3 94.8 16.7 8.4 8.3 0.07
R 70+ - - - - - -
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1.4.  Black soil developed in depression over marl and lacustrine deposits

This soil occurs mainly in El Ghab rift valley, which was formed on the extension of the
great African faults along the eastern coast of the Mediterranean. The area was before artificial
drained an annual flood plain that ponding occasionally at least from January to February. The
natural vegetation is shrub, EIms, Oak, and Pine mix. (Figure 2).

Figure 2. The landscape and natural vegetation of EI Ghab rift plain.

The lack of clear topographic differences within the EI Ghab surface makes soil
distribution pattern is difficult to grasp during a general survey, as well as the thickness of the
mollic epipedons and the presence or absence of a cambic horizon below the epipedons or of a
calcic horizon within 1.5 m of the soil surface are the main reasons for the soil complexity. The
parent materials are Marl, freshwater organic, woody materials Conglomeratesof lacustrine
deposits. Mollisols which cover the entire valley surface are represented by three great groups.
Haploxerolls are probably the dominant soils. Aquic, Cumulic, Entic, pachic, Clacicpachic and
Typic Haploxerolls are assumed to be largely represented. Typic and Cumulic sub groups are also
found within the Calcixerolls (Figure 3).
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Figure 3. Aquic Haploxerolls occurs in waterlogging land of EIm trees.

Petrocalcic Palexerollsare observed in the northern part of this plain on a slightly elevated spot.
They are not expected to occupy any significant surface.

Annab

Classification USDA(2003):
PatchicHaploxeroll,Fine loamy, mixed, thermic.
WRB (2016): Calcic Chernozems

Location: El Ghab plain, Syria.

Coordinates: 35°42"20N 36°20°26.7E

Altitude: 175ma. s. |

Physiography: Level to depressional valley fills
Topography: Level topography with a
characteristic slope of 1 percent or less.
Drainage class: Moderately well drained, very
slow surface run-off, slow permeability.
Vegetation: EIms trees

Parent material: Marl and Quaternary or more
recent lacustrine deposits.

Date of Sampling: July 16-2010

Horizon | Depth(cm) Description

A 0-26 Black (10 YR 2/1m), Dark brown (10 YR 3/3 d) clay; midrate, medium, granular
structure; soft (dry), slightly firm (moist), sticky and plastic; many, fine, horizontal,
inped, simple, open pores; plenty, fine roots, between peds; abrupt, smooth boundary;
pH 7.7

A2 26-55 Very dark brown (10 YR 3/2 m) clay, fine granular structure; firm (moist) sticky and
plastic; few, fine, vertical, inped, simple, closed pores; plenty, fine roots, between peds;
gradual, wavy boundary; pH 7.7

AC 55+ Grayish brown (10 YR 4/1 m) clay loam; massive structure; firm (moist), sticky and
plastic; few, fine, vertical, inped, simple, closed pores; few, small, soft, carbonate
accumulations on ped faces; few fine roots, inside peds; pH 7.9

Basic physical and chemical analysis

Hor | Depth Particles size disruption (%). Texture Corg. pH Carbonates as CaCOs CEC BS

izo (cm) @ mm % H,0 % Cmol.kg™

n 11 <2mm <0.002mm

Clay Silt Sand

A 0-26 28 26 46 Sandy clay loam 4.2 7.23 41.0 17.0 42 88.2

A2 | 26-55 18 34 48 Loam 3.1 7.86 52.5 27.0 24 88.3

AC 55+ 30 24 46 Sandy clay loam 2.2 7.64 76.0 26.0 22 75.7
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Horizon Depth Extractable bases meq.100g™ Ext. P,0smg.kg? Min- Nmg.kg™ ECmS.m-
(cm) Ca Mg K

A 0-26 28.0 8.0 0.2 11.8 2 1.6

A2 26-55 15.0 1.1 0.1 8.2 4 2.1

AC 55+ 11.0 0.6 0.1 3.3 2 2.5

2-The intensive biological activity soil

These soils were found in the alluvial plain of the river Barada (an oasis of Ghota, the
historical garden of Damascus) and the fertility oasis of Palmyra. The alluvial plain of the river
Barada had been in continuous cultivation irrigation since the Stone Age (Van Liere, 1965), also
he noticed that some Swedish archaeologists consider that settlement in the Ghota was the origin
of later centers of irrigated agriculture in Mesopotamia and Egypt. The present land use is
chiefly orchards with fruit trees of which apricot is the dominant one. Irrigated summer
vegetables, legumes, and winter wheat are normally cultivated between the trees. The main
landscape feature is a leveled monotonous plain. The parent material consists of colluvial
sediments of Upper Quaternary age from the Antiliban and alluvial deposits from Barada river.
Aquifer near Damascus, in which the high groundwater is connected with Barada and el-Aawaj
rivers, is recharged from the Antiliban Mountain. The elevation ranges from 600 to 700 m. The
annual average of the rainfall ranges from about 100 mm in the east to slightly over 200 mm in
the west.The soils submit to aridic soil moisture regime, however, due to this long-term irrigated
agriculture, the soil has rather high organic matter content but do not meet the color requirements
of a mollic epipedon. The unique characterized of this soil is a very intense biological activity to
a great depth (>1m), while the major part of the profile has been reworked by animals (mostly
earthworms) and consists mainly of worm casts, filled animal burrows, etc.

The estimated mesa- and macrofaunal activity between depths of 30 and 100 cm range
from 77 to 90% in these soils (El-Khatib, 1982). Apart from the mesa- and macrofaunal activity,
unpublished work by M. Angerosa (1983) has shown that the total microbial biomass at a depth
of 10 to 15 cm in pedon G1 (Ghota) is twice higher than that of a red soil under a xeric moisture
regime, with a rainfall average of 300 mm. Compared to non-irrigated desertic soils from the
second Euphrates terrace, the total biomass of the Ghota soils is four times higher. However, the
soil meets easily the requirement of vermic properties, which has firstly been recognized in
Ghota by Tavernier (1957). From the pedogenetic, fertility and other points of view, except
color, the vermic horizon is comparable to the mollic epipedon, which is considered as
diagnostic at the great group level in Mollisols and the subgroup level in Entisols. It has been
mentioned that the soils could be classified as an irrigated phase of either Torrifluvents or
Camborthids (according to the presence or absence of a cambic horizon) however, in neither case
the presence of this thick horizon with a very high biological activity is taken into consideration.

Ghota

Classification USDA(2003): Vermic Haploxerolls, Fine, mixed, thermic.

Location: 8 km southeast of Damascus on the road to HrranAwamid

Coordinates: 32°27°57.70 N 36°31°44.44 E

Physiography: plain

Topography: level

Elevation: 700 m

Rainfall; 190 mm

Vegetation: irrigated fruit trees and winter legumes

Parent material: alluvial deposits

Sampled by R. Tavernier, H. Eswaran, A. Osman, M. llaiwi, N. EIKhatib. (MAAR&ACSAD)"
General description: very old cultivated plain, alluvial material, characterized by active macro fauna
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Depth

Horizon (cm) Description

Ap 0-5 Yellowish brown (10YR 4.5/4) moist, loam, massive, very hard dry, friable moist,
sticky, plastic, calcareous, cracked at 30-40 cm, most of the cracks are 0.5 cm wide and
5 cm deep, common fine and coarse roots, 3% fine gravel by volume, clear smooth
boundary.

A2 5-15 Yellowish brown (10 YR 4.5/4) moist, loam, moderately developed, fine-medium sub-

angular blocky, firm moist, sticky, plastic, calcareous, active earth worms, some worm
holes filled with soil material of the same color but softer texture, common fine and
medium tubular pores, common fine, medium and coarse roots, few decomposed roots,
5% gravel by volume, merging boundary.

A3 15-45 Dark yellowish brown (10 YR 4/4) moist, clay loam, moderately developed medium
sub-angular blocky, separated to fine granular, firm moist, sticky, plastic, worm holes
and fillings as in the horizon above worm casts calcareous, common fine and medium
tubular pores, few medium roots, merging boundary

A4 45-75 Dark yellowish brown (10 YR 4/4) moist, clay loam, moderately developed medium
sub-angular blocky, separated to fine granular, firm moist, sticky, plastic, active earth
worms, worm casts, calcareous, many fine tubular pore s, few coarse interstitial pores,
10 % fine gravels by volume, merging boundary.

A5 75-110 Yellowish brown (10 YR 4.5/4) moist, loam, moderately developed medium sub-
angular blocky, firm moist, sticky, plastic, calcareous, very few small spots of CaCO3,
many fine and medium tubular pores, few coarse interstitial pores, few fine and medium
roots, merging boundary.

A6 110-140 Yellowish brown (10 YR 4.5 /4) moist, heavy loam, moderately developed medium sub-
angular blocky, firm moist, sticky, plastic, calcareous, many fine and medium tubular
pores, few medium and coarse interstitial pores, few fine and medium roots, 3% fine
grave Is by volume.

Basic physical and chemical analysis

Horizo Depth Particles size disruption (%). Texture Oorg. N 1ot pH pH Total CEC BS
n (cm) @ mm % Cmol | H,O | CaCl, | CaCOs Cmol
Clay Silt Sand kg™ 1:1 1:2 % kg™
Ap 0-5 37.7 43.2 19.1 Silty clay loam 1.71 0.161 8.1 7.8 58 41.0 100
A2 5-15 39.5 41.2 19.3 Silty clay loam 1.49 0.147 8.0 7.8 60 39.0 100
A3 15-45 39.5 41.1 19.4 Silty clay loam 0.84 0.091 8.2 7.8 59 37.0 100
A4 45-75 36.4 40.8 22.8 Clay loam 0.65 - 8.2 7.8 58 37.0 100
A5 75-110 35.5 42.0 225 Clay loam 0.49 - 8.2 7.8 60 36.0 100
A6 110-140 34.6 44.1 21.3 Clay loam 0.37 - 8.3 7.8 63 34.0 100
*MAAR Ministry of agriculture and agrarian reform, Syria; ACSAD The Arab Center for the Studies of Arid Zones and Dry Lands:

CONCLUSIONS

Black soil is not common in the eastern Mediterranean and may occurs in different
climatic zones, from xeric to aridic. On the xeric conditions, the black soil occurs in some tiny
preserved isolated areas developed from calcareous materials on different reliefs. This soil does
not reflect the direct influence of the Mediterranean climate with mild winters and dry hot
summers, where the rainfall is about 800 mm in the littoral plain and exceeds 1800 in the
neighboring mountainous region. Considering the positive temperatures throughout the year, in
which biochemical and biological processes are supposed to be ongoing, especially since the
region was not exposed to a period of freezing in the past. Therefore, it is assumed that the soil is
mature and that there is a sequence of soil properties resulting from the vertical succession, the
studied soil appeared otherwise. However, the existing of such kind of soil under arid and semi-
arid conditions, raising a question about the geneses and forming process and condition
associated, particularly paleosols and paleoclimate, which requires further researches. On the
arid conditions with historical intensive agriculture activities that develop an intensive biological
activity soil with vermic soil properties and without the color requirement of Mollic epipedon.
However, in neither case, the presence of this thick horizon with a very high biological activity
should take into consideration in soil classification.
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9KOJOI'0-5KOHOMHUYECKAS 3OPPEKTUBHOCTb NPUEMA
TEXHOJIOI'MM HYJIEBOU OBPABOTKH HA BOI'APHbBIX 3EMJIAX
HEHTPAJIBHOI'O TAZKUKUCTAHA

SATUMOB B.K., CAUI301A C.T.
HNuctutyt 3emnenenus Tamxukckon Axkagemun CenbCKoxo3siicTBeHHbIX Hayk
734022, r. I'uccap, nocénoxk [lapopa, yn. ycru 1.

Abstract. The paper presents the results of growing winter wheat with zero tillage in the conditions of dry
farming in the foothills of Central Tajikistan. The environmental and economic efficiency of this resource-
saving technology in the cultivation of crops has been revealed. Minimal tillage contributed to the
preservation of the quality condition of the soils used in agriculture.

Key words: economic, efficiency, zero tillage, soil, wheat.
BBEJIEHUWE

[Ipobnema OMyCTHIHMBAHUS WM JIeTpajialiisl TOYB C YYETOM HM3MEHEHHUsS KIMMara
TamkukucTana sBisieTcsl Haubosee akTyaiabHOM. ExxerogHslil ymiepd OT 3TUX JUHAMUYECKHX
IIPOLIECCOB COCTAaBJISIET HECKOJIbKO MWJUIMOHOB COMOHM. Jlerpajgamusi mo4B pe3KO CHMKAeT
IUIOIOPO/IME TOYB M OMONPOAYKTMBHOCTb HPUPOAHBIX YrOAMH, COKpallaeT IJIoLaau
OpOIIAEMBIX 3€MeIlb, JECOB, MACTOUII, YHHUTOXKAET MHOTOUHCIICHHBIE HAPOHO-X03HCTBECHHbIC
COOpY’KEHMsI, IPEeBpaIlaeT OorapHbie 3eMJIM B TOPPUPOBAHHYIO ITOBEPXHOCTb.

[TockonbKy W3MEHEHHE KiIuMara BcE OOJble MPOSBIAECTCS B OOTApHBIX 3EMIIIX
LlentpansHoro TampkukucTaHa, ¢gepmepbl HaJEIOTCS HAa TO, YTO HOBas yMHas TEXHOJIOIHUA
MIOMOJKET UM COXPAHHTDH BBHICOKYIO YPOXKAHHOCTh. DTO OUYCHb Ba)KHAS HKOJIOTHUYECKas mpobdiema,
Kak Juid TaJpkuKucTaHa, Tak v [l BCErO MUpa, C yu4é€TaM HpPOJI0BOJILCTBEHHOM 0€3011acHOCTH.

Jlo HemaBHEro BPEMEHH B PECIYOJIMKE BO3JACIBIBAJTUCH COPTAa O3WMOM MIIECHMIIBI
9KCTEHCHBHOIO THIIA, CKJIOHHBIE K TIOJIETAHUI0O M CJabd0 pearupyrouye Ha YCIOBUS
MHUHEpaAJIbHOTO THTaHUs. B cBoe Bpems, IUIsi BO3AEIBIBAaHUS WX Ha OOTAapHBIX 3eMIIIX ObLIa
pa3paboTaHa arpoTeXHUKa C Yy4eTOM OHOJIOTMYECKUX OCOOEHHOCTeH 3THUX COpPTOB U
CKJIQ/IBIBAIOIIETOCS  dKOJormueckoro pexuma. Ho, paxe mnpu  coONIOAEHHM  BCETro
TEXHOJIOTHYECKOr0 Ipolecca, ypoxkaid 3epHa Ha Oorape ObT M OCTaeTcs HEIOCTaTOYHO
BBICOKMM, TaK KaK IMOTCHIMAIbHBIE BO3MOXHOCTH COPTOB 3€PHOBBIX KOJIOCOBBIX KYJIBTYp OBLTH
HeBenuku. [loaTomy TpeboBanoch UCIBITAHNE HOBBIX MHTEHCHBHBIX COPTOB TBEPAOH M MATKOU
MIICHUIIBI, TTOJIOKUTEFHO OT3BIBAIONINXCS HA MHTCHCUBHBIC (DaKTOPBI BO3JACHCTBHS M, TIPEXKIIE
BCEro, Ha Oorape, oOecreyeHHOM 0caJKkaMi U BHECEHUE MUHEPATIbHBIX YI00pEHUH.

B mocnemnue necsatuneTus BO MHOTHX CTpaHaX MHUpa YIeNsSeTcss HEMalo BHUMAaHUS
BONpPOCAM TEOPUM M TPAKTUKM MPUMEHEHHMs HyleBOl 00paboTku mouBbl. Pa3paboTaHbl
TEXHOJIOTUM  BO3JICNIBIBAHUS TIOJEBBIX KYIBTYp TIPH HyJIeBOW 00pabOTKe, H3IAI0TCS
crielMaibHble KYpHaJIbl U PYKOBOJACTBA s (epMEpOB, HAKOIUIEH NMPOU3BOICTBEHHBIN OIIBIT,
KOTOpBIM J1aeT BO3MOXHOCTb OIPENEIUTh peajbHble 00beMbl 3((HEKTUBHOTO MNPUMEHEHUs
HyJIeBOit 00paboTku mouBsl [ 1-7].

B Pecnybmuke TampkukucTaH TOCIE XJIOMKA OCHOBHBIM — BHJIOM — TPOJYKIIHA
pacTeHHEBOACTBA CUYMTAIOTCS TMIIEHUIIA M 3epHOO00OBBIE KyJIBTYpHl, BO3/ENbIBa€Mble  Ha
KPYTBIX CKJIOHAaX U 00ECIIEYEHHBIX 0CaKaMH ITOYBaX.

VY pokaitHOCTh TMIIIEHUITBI BO3IEIBIBAEMOM B 3TUX ycioBusx (18-20 m/ra), samens (15-16
1/ra), yeuennbl (10-12 m/ra), ropoxa (15-18 1/ra) cumraercs KpaitHe He JOCTATOYHOW st
oOecrnieueHrs MPOAOBOJILCTBEHHON 0€30MacHOCTH HaceleHus pecnyOnuku. s obecreueHus
3(QPEKTUBHOTO  OpOLIAEMOro  3eMJIEAEIMs  XJONKOBOIO  KOMIUIEKCA  HPEAyCMOTPEHBI
ceBooOopoThI [3-5].

Y6opka 3epHOBBIX, B YaCTHOCTH, MIICHUIIbI, HA TPOU3BOJICTBEHHBIX MOJISX HAYMHACTCS B
cepeliMHE Masi M 3aKaHYMBAIOTCS B KOHIE HIOJNS MECSIEeB. biaronpusTHbIe KIMMaTHYECKHE
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YCIIOBUSL M pa3pabOTaHHBIC y4eHBIMU MHCTUTYTa 3eMiieieusi CKOPOCIENbIE COpTa MO3BOJISIOT
€XKeroJIHO MPOBOJIUTH MIOCEB U YOOPKY BTOPOTO YpOrxKasi Ha 3TUX OCBOOOAUBILIUXCS MOJSIX.

B mnammx wuccnenoBaHusx, mnpoBoguMmbelx B 2013-2015 rr. Ha TeppuTOpHH
SKCHEpPUMEHTAIBHOrO X03siiicTBa MHcTuTyTa 3eMuenenus ['mccapckoro paiiona LleHTpasibHOroO
Tamkukucrana, rae O00pabOoTKa TMOYBBI JIEMOHCTPAIIMOHHBIX YYacCTKOB IPOBOIIIINCH
pa3IMYHBIM CIIOCOOOM COIJIACHO CXEeMe: MHHHMajbHasi o0paboTka C uyu3eneMm, HyJeBas
00paboTKa 1 TpaauIroHHas 00pa0doTKa MOYBKL. J[MHaMUKa BBICOTHI JIMHEHHOTO POCTA PACTCHUMN
03UMOM TMIIEHUIIBI B 3aBUCUMOCTH OT PAa3JIMYHBIX CIIOCOOOB 0OpaOOTKM MOYBHI B YCIOBHSX
OorapHOro 3eMieeNus npeacTaBieHa B Taduuie 1.

Tabmuma 1.
I[I/IHaMI/IKa BBICOTHI JIMHEHHOT'O pocTta paCTCHI/Iﬁ 03UMOM MIICHULIBI B 3aBUCUMOCTH OT PAa3JIMIHBIX
croco00B 00pabOTKH MOYBKI B YCIOBHIX OorapHOoro 3emienenus (cpeqaee 3a 2013-2015rr.)

BricoTa nmuHEHHOTO pocTta o ¢aszam, cM
Ne BapuanTsl Togsr Kymie- | TpyOxo- KoJIo1Ie- MOJIOYHAs co3pe-
HUE BaHME HHE CITEJIOCTH BaHHE
1. | KonTpomns, TpagunroHHas 2013 6,3 32,9 63,6 68,2 73,3
00paboTKa MOYBHI 2014 51 29,7 60,6 65,3 69,4
2015 7,2 35,5 66,3 71,4 75,7
B cpemrem 6,2 32,7 63,5 68,3 72,8
2 | MunnManbHas o0paboTka 2013 3,7 25,7 55,5 60,6 64,1
IOYBBI C TUCKOM 2014 2,8 22,5 51,1 56,4 61,7
2015 4,9 28,3 57,5 62,7 67,4
B cpenrem 3,8 25,5 54,7 59,9 64,4
3 | MunnManbHas oOpaboTka 2013 4.8 26,6 56,4 62,2 66,1
MOYBBI C YHU3EICM 2014 3,4 24,9 53,7 58,5 63,7
2015 5,9 30,1 59,4 64,7 69,5
B cpemrem 4.7 27,2 56,5 61,8 66,4
4 | HymneBas o0paboTka 2013 5,6 29,3 60,4 65,7 70,1
MTOYBEI 2014 4,1 27,8 56,6 62,4 67,5
2015 6,5 33,2 62,4 68,7 73,9
B cpennem 54 30,1 59,8 65,6 70,5

[lo naHHbIM TaOAMIBI TpPU TPAAULIMOHHOM 00pabOTKE IOYB, CO3pEBAHUE O3UMOM
MIIEHUIIB B CPETHEM COCTaBIIsieT -/2,8 cM, MpU MUHMMaJIbHON 0OpaOOTKU MOYBHI C TUCKOM -
64,4 cm, ¢ unseneM — 66,4 cM U pu HyJIeBOH 00paboTke MOYBKI cocTaBiser - 70,5 cMm, KoTopoe
SBIISIETCSA HIKOHOMHUYECKH 3(P(PEKTUBHBIM B CO3pEBAHUM 03UMOM MILIEHHIIBI.

HccnenoBaHusiMu  BBISIBJICHO, YTO HA OMBITHBIX JIENSIHKAX TPU  TPaIWIIMOHHOU
TEXHOJIOTUM BO3JENbIBAHUS MOJ I0CEBAMU O3UMBIX KYJIbTYp coAepxutcs a0 75,5%
arpOHOMHMYECKHIA [EHHBIX arperaToB, ITOJ ITOCEBaMH O3MMOW MIIeHHIbB — 58,7, a mox
rnmoceBaMu sumeHs - 63,6%.

Hcnonp3oBanne pecypcocOeperalonmx TEXHOJIOTHH TPH  BO3JCIBIBAHUH  O3MMBIX
KyJIbTYp YBEJIMYMBAET COJIEp)KAHME arpoOHOMUYECKHM IIEHHBIX arperatoB Ha 2,5% mpu
MUHUMAaJIbHON 00paboTke mouBbl U Ha 3,7% mpH HYJIEBOW, NpU BO3AEIBIBAHUM O3UMOMN
HIIEHUIB! - Ha 2,1 1O CpaBHEHUIO C TPaJUMIMOHHONW TexHosorueil coorBercTBeHHO. Cyxas
O6romMacca 03MMOM MIIEHUIIBI B YCIOBUSAX TEMHOTO cepo3éMa, a borapHoi oOecrieueHHON 3eMin
3a  mnepuoa B 2015-oro roma mpu 4-ex pa3oBbIX NPOBOPHOCTSX ONbITA B TPaAMLIMOHHOM
00paboTKe MOYB COCTABIACT - 52,8 11/ra a B HyjeBoi 00paboTke cocraBisier 53,2 m/ra (Tabi. 2).

VYpoxalfHOCTh 03UMOW MIIEHHUIIBI MPHU TPAJUIMOHHOM 00pabOTKM TOYB, B CpEIHEM
cocraBisieT - 24,5 1/ra, Tpu MHHHUMAaJILHOW 00paOOTKH MOYBHI C TUCKOM - 22,3 11/Ta, C Yu3elieM
— 21,2 v npu Hy’neBOM 00pabOTKe MOYBHI coCTaBiseT - 21,3 11/ra, KOTOpoe B yCIOBHIX OOrapHOi
3eMJIeIeNTNsl SKOHOMUYECKH BBITOTHBIM HYJIEBasi TEXHOJIOTHS 00paOOTKH ITOYB.

MakcumanbHOe cojepikaHhe BOJOMPOUYHBIX arperaToB (32,4%) ObUIO YCTaHOBIIEHO
Ha JENSHKAX TOJ O3WMBIMH KYyJbTYpPaMH, BO3CIBIBAEMBIMU C HCITOJIB30BAaHHEM HYJIEBOU
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oOpaboTke mouBbl. (OKa3aloch, YTO 3HAUEHHWE JAHHOTO TOKa3aTens npeBocxonuT Ha 1,2%
BapHaHT ¢ MUHUMAaJIbHOI 00paboTKOoil MoYBkI U Ha 2,5% - BapuaHT CO BCIIALIKOM.
Tab6mmma 2.
Hunamuka GpopMupoBaHus CyX0oi OMOMAcChl 03MMOH MIIEHUITH B 3aBUCUMOCTH OT Pa3IMIHBIX CLIOCO00B
00paboTku mouBkI (3a 2015r.)

Ne BapuanTst [TosTopHOCTH Cyxas 6romacca,
I I i v /ra
1 KownTposib, TpasuimonHas 545 52,7 54.3 537 52.8
00paboTKa MMOYBEI
5 MunumaibsHas 00padoTKa OYBBI 518 473 48,6 495 103
C IUCKOM
3 MunnMansHas 00padoTKa MMOYBEI 482 445 45.7 476 165
C Yu3eleM
4 Hynesas 00paboTka mouBkI 55,6 50,9 53,5 52,8 532

TpexieTHee HCIOJNB30BAHUE  PECypcocOEperaroInX TEXHOJOTMH  BO3ZCIIBbIBAHHUS
3€PHOBBIX KYJBTYpP CIIOCOOCTBOBANO YBEJIMYEHHIO cozepaHus rymyca B nmouse Ha 0,05-0,1%,
B TO BpeMsI KaK TPaJHIIMOHHbBIE TEXHOJIOTHH CHIDKaIH ero coaepkanue Ha 0,07-0,12%.

Tabmuna 3.

VYporxkait 3epHa 03UMOi#1 MIICHHUIIBI B 3aBUCHMOCTH OT Pa3IMYHBIX CIIOCOO0B 00PaOOTKH MOYBHI B
yCIIoBUsIX OorapHoro 3emueaenus (cpennee 3a 2013-2015 rr.)

Vposkaii 3epHa 10 rogam, 1yra Cpenuunii
Ne BapHass! 201)13 p2014 2015 ypoI:Kaﬁ, wra
1 KonTpons, TpagummonHas 26,8 22,8 23,9 245
00paboTKa MOYBHI
2 MunuManbsHast 00pad0oTKa OYBBI C 24,2 20,8 21,9 22,3
JIACKOM
3 MunumanbHas 00paboTKa MOYBHI € 23,7 19,7 20,2 21,2
qU3eNeM
4 Hynesas 06paboTka 1mouBbt 25,4 21,4 22,5 23,1
HCPgs 2,3 1,9 15 1,9

IIpu ananuze sKkoHOMHMUYECKOW 3(P(PEKTHUBHOCTH BO3/EIBIBAHHUS 3E€PHOBBIX KYIBTYP,
BBISICHWJIOCh, YTO CpPEAHHH YpPOBEHb pPEHTA0EIbHOCTH y O3UMOM MIIeHHIBbl cocTtaBui 17,7%
M0 TPaJUIMOHHON TexHonoruu, 23,1% - mo mMuHuManeHoil U 17,6% - mo HyneBoit 06paboTke
nouB. MakcuManpHbBI KO3 PUIMEHT 3HepreTndeckol s¢dexkTuBHOCTH 4,7 OTMEYEH Npu
BO3/IETIBIBAHUM O3MMOW IIIEHUIIBl C MCIIOIB30BAaHMEM pecypcocOeperaroneid TeXHOJOTHH C
HYJIEBOI 00paOOTKON MOYBKI 110 TPATUIIMOHHON TEXHOJIOTHH.

3AKJIIOYEHUE

Pesynprarhl mccnenoBaHUM  CBUJETENBCTBYIOT O TOM, YTO B 3€PHOINAPONIPOIAIIHOM
ceBooOOpoTe Ha OOrapHblXx TeMHBIX cepo3eMax lLlenTpanbHoro TamkukucraHa Haubosee
3¢(EeKTUBHBIMU B 3KOHOMUYECKOM IUIaHE SBIAIOTCS pecypcocOeperamye TEeXHOJIOTUU
BO3/ICTIBIBAHUS  3€PHOBBIX KYJIBTYp C MHMHUMAQJIbHOM 0OpabOTKOM TMOYBBI, KOTOpBIE
OJTHOBPEMEHHO CIIOCOOCTBYIOT COXPAaHEHHUIO II0J0poaus 1mouBbl. KoTopoe siBisieTcst 3K010ro-
3¢ PeKTUBHOE MPUEMBI UCIIOIB30BaHUE OOTapHOE 3eMJIe/IeNs MTOI3EPHOBBIX KYIBTYP.
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JANHAMMUKA NOABUKHBIX ®OPM IIUTATEJIBHBIX BEHIECTB B
KAPBOHATHOM YEPHO3EME B YCJIOBUAX JUVIMTEJIBHOI'O
IHOJIEBOI'O OIIBITA C YAOBPEHUAMUAU

JAunana UHAOUTY, Amutpuit UHAOUTY
l'ocynapcrBennblid ArpapHbiii Y HuBepcuTeT MoJgoBbl
44 Mupuemts, Kummnés, Pecniyonmka Mongosa, MD-2049,
e-mail: ind.diana@hotmail.com

Abstract. The dynamics of plant-available phosphorus, potassium and nitrate nitrogen in calcareous
chernozem in the 1953-2019 period was studied. The research was conducted in a long-term experiment
with various fertilizer systems. The nutrient content was studied in a layer 0-60 cm during cultivation of
winter wheat. It was revealed that the systematic use of fertilizers for 32 years can increase the content of
plant-available phosphorus several times and potassium about one and a half times in comparison with
its initial content. The subsequent use of low doses of mineral fertilizers, together with the embedding into
the soil of all plant residues and by-products, makes it possible to slow down the decrease in plant-
available phosphorus and potassium in calcareous chernozem. The content of nitrate nitrogen varied
during the research depending on the doses of fertilizers used and the vegetation period of winter wheat.

Key words: kapbonammuulii ueprozém, noosudxcuviil hocgop, obmenusill Kanull, Humpamot, y0o6peHusL.

BBEJEHUWE

ITouBa siByIIETCSI OCHOBHBIM CPEJICTBOM IIPOM3BOJICTBA B CEIBCKOM XO03sHCTBE. BaxHbIM
1oKa3areseM TUIOIOPOIUS MTOYBKI SBIISETCS COJIEPKaHUe MMUTATENbHBIX BemecTB. A30T, Gocop
U Kaluil SBJSAIOTCA A PacTeHHM caMbIMM HEOOXOIUMBIMHM 3JIEMEHTaMu NuTaHusd. Banosoe
COJIEp’)KaHUE IMUTATENbHBIX BEIIECTB B I[OYBE XApPaKTEPHU3yeT MOTEHIHAIbHOE IUIOAOPOIUE, a
ypoXKail CelIbCKOXO3SHCTBEHHBIX KYJIBTYp OINpEAeiseT COAEp)KaHUue NOJBMXKHBIX (opm
nutarenbHbix BemiecTB ([laBnenko, TumkoB u Enkuna, 1996). I[losTomy oYeHb BakKHO
OTCIEIUTh JWHAMMKY IOJABWXHBIX (opM a3ora, ¢ochopa U Kamusg JUIsl COCTABICHUSA
pPEeKOMEHAALUKA IO BOCIOJIHEHHUIO IMOTPEOHOCTHM PpACTEHHM B JAHHBIX JJIEMEHTaX 3a CUéT
yIoOpeHUit M aJbTEepPHATHBHBIX HCTOYHUKOB IUTATEIbHBIX BEIIECTB. Takue HCCIeI0BaHMS,
BO3MO>KHO IIPOBECTH TOJIBKO B JUTMTEIbHBIX CTALIMOHAPHBIX OMbBITAX.

A30T Wrpaer pelarolyo pojib B )KM3HM PAaCTEHMH U IUIONOPOAMM MOUYBBL. OCHOBHBIM
MCTOYHUKOM THUTAHMSI PAaCTEHHMH sBIsIeTcs MHUHEpalbHbIN a30T. Ero coxep:kaHue B MoyBe He
BBICOKO, COJIEPXKHUTCS B BHUJE CIEAYIOIUX JOCTYIHBIX BOJOPACTBOPHUMBIX (hOpPM: aMMOHHITHOM,
HUTPAaTHOM M HUTpuUTHOW. HakormieHnne HUTpaTHBIX (OpM ompenensercsd 3amacaMu rymyca u
azota (3aropua, 1990; Amngpuem, 2007). B xapOoHaTHOM 4YepHO3EMe CoJepKaHHe
MUHEpPAJIBLHOr0 a30Ta B cioe 10 60 cMm cocraBisger 1-8% or obmiero asora. 910 00BACHSAET
BBICOKYIO OT3BIBUMBOCTH PACTEHHH, 0COOEHHO 3J1aKOBBIX, HA MPUMEHEHHE a30THBIX YA00pEHU.
OO0pa3oBaHre W HaKOIUIEHHME MUHEPAIbHBIX (POPM a30Ta CUIBLHO BapbUpYET B 3aBUCUMOCTU OT
HOTOJIHBIX YCJIOBUH, BO3/IENBIBAEMON KYJIBTYpBI, BUJIa U HOpMbI ynoOpenuit u ap. Conepxanue
HUTPATHOTO a30Ta B IIOYBE CHUXKAETCA 110 MEPE POCTa U Pa3BUTHSI PaCTEHUI, TaK)Ke MPOUCXOIAT
noTtepu B Ta3o00pa3Hoil (opme, BBIMBIBAHMEM aTMOC(HEPHBIMH OCaJKaMH BIIIyOb MpPOQUIIS.
A30T MHHEpambHBIX ynoOpeHuii, Omarogaps OoOJbIIEH  TMOJABMIKHOCTH, BBIMBIBAETCS
UHTECHCUBHEE, 4eM opraHuyeckux. CHucremMarndyeckoe MpHMEHEHHe YyJOoOpeHuil dbalie BCero
MOBBINIAET COJIEpKAHWE HUTpaATOB B 1,5-3 pa3a mo CpaBHEHHIO C KOHTpojeM 0e3 ymoOpeHuid.
[Ipy npuMeHEeHUM MHUHEpaTbHBIX YAOOPEHUH 3TO YBEJIWYEHHE BBIIIE, YEM OT OPraHHMYECKUX
(3aropua, 1990; Aunpuent, 2007; Auapuent, 2011).

[TotpebHOCTs B (ocdope HeHamMHOrO MeHbIne, yeM B azore (KpynenukoB m Bownuas,
2004). HWcrtounukom docdopa mas pacTeHHid SIBISIOTCS IMouBa M ymoOpeHus. Bamosoe
cojepxanue ¢ochopa 3aBUCUT OT I'yMU(HUKAIM [TOYBBI, OT KOJIMYECTBA JAHHOTO HJIEMEHTa B
noyBooOpa3yolleld Mopoje, KOJIMYEeCTBO BHECEHHBIX yaoOpeHuil. B uepHozemax MongoBbl
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naHHoe coneprxkanue coctaBisier 140-180 mr/100 r moussl (3aropua, 1990; Aunpuen, 2007).
Cnocob6HOCTh MOYB obecreunBath pacteHus (HochopoM TECHO CBsi3aHA C B3aUMOJICHCTBUEM
paznuuHbX  GopMm  docharoB, pasTUYAIOIIMXCS CBOCH MOJABUKHOCTBIO U JOCTYITHOCTBIO
pacrenusMm. Pochop comepkKUTCI B MUHEPAIBHBIX M OpPraHu4eckux (opMax COeAUHEHUM.
PezepBoM poctynmHoro ¢ocdopa s pacTeHHH SBISIOTCS OPraHUYECKUE COCIMHEHHS — B
yepnozeMax 30-70 % ot BasoBoro coaep:xkanusi. MunepanbHbie Gopmbl Gochopa: coennHeHus
optodocdoproii kucinotel ¢ nonamu Ca, Mg, Fe, Al, Mn, Ti (Makapos, 2009). KapOoHaTHbIii
yepHO3éM MONJIOBBl  XapakTEpU3YIOTCS 3HAUUTEIbHO Ooyiee BBICOKUM  COJEp)KaHHEM
MuHepainbHoro ¢ocdopa, yem apyrue uepHo3émsl (KpymenukoB u bounuan, 2004). Ilpu
pacIIerUIeHUH TPYIHOPACTBOPUMBIX MHHEpaNbHbIX (ocaToB U Pa3OKEHUU OPraHUYECKHX
dbopM 00pa3yroTCs pacTBOpUMBIC coennHeHus hocdopa.

OO6miee coaepxaHue Kajius B TOYBE 3HAUMTEIBLHO Oosblie, yeM a3zota u (ocdopa.
JinTensHO€ TpPHUMEHEHHWE KaIMWHBIX YyIOOpeHHl Ha KapOOHAaTHOM dYepHO3EME HE CTOJIb
3¢ dexTuBHO, YeM NpUMEHEHHEe a30THBIX U (pochopHbIX ymoOpenuit. MICTOUHUKOM Kamus st
pacTeHHi SBIAIOTCS OOMEHHBIH KajlMif, BKJIIOYAIOIIMKA W BOAOPACTBOPUMYIO (hopMbl. Mexmy
dbopmamu kanusg HaOJOAAaeTCs MOJABMXKHOE paBHOBecue. llpu mnpumeHeHHH yH0OpeHHit
HaOJII01aeTCsl CYIIECTBEHHOE MOBBIIICHUE COJIEPKAHUSA HEOOMEHHOTO KalHsi U HE3HAYMTEIHHOE
yBenuueHue oOMeHHBIX (opMm. Ho HeoOMeHHBIM Kanuii TakKe BOBIEKAaeTCS B IHUTaHUE
pactenuii. OOMEHHBIN KajHii B OCHOBHOM HE ITOJIBEPTacTCs BHIMBIBAHHUIO M JOBOJILHO CTA0MIICH
(3aropua, 1990; Augpuen, 2011).

Lenpro HAIIUX UCCIIEIOBAHUI OBIIIO U3YYUTh JUHAMUKY MOJBIKHBIX (DOPM MHUTATEIBHBIX
BEIIeCTB KapOOHATHOro uepHo3éMa MONIOBb B UIMTEILHOM CTAallUOHAPHOM OIBITE C
NPUMEHEHHUEM PA3JIMYHBIX CUCTEM yI0OpPEHUS B IIOJIEBOM CEBOOOOPOTE.

MATEPHUAJIBI U METOAUKA

UccnenoBanuss  mpoBoawiuch  Ha  YueOHO-OmbiTHOM — cranuuu  «Ketpoch»
locynmapctBeHHOTO ATrpapHOTO YHHBEpcuTeTa MOIIOBE B JUIMTEIBHOM CTAIllHOHAPHOM
MOJIEBOM OMbBITE C YAOOpEeHUsMH, 3alo)keHHOM B 1953 1. B ycnoBHSX UEHTpaibHOU
arpoKJIMMAaTHYECKOW  30HBI  PecmmyOnmmkm  MommoBa.  JlaHHas 30Ha — XapaKTepU3YETCS
HEJIOCTATOYHBIM KOIMYECTBOM BBINAJAIOUIMX OCALKOB — OT 246 10 550 1/M? CyMMa
MOJIOKUTEIBHBIX TEMIIEpATyp 3a MEepHoJ aKTUBHOM BereTanuu coctasiser oT 2200 o 3600°C,
3acyxa Habmonaercs 2-3 pa3a 3a 10 ser, 6e3mMopo3HbIi nepro coctapiser 175-190 quei.

[TouBa: MHULIEIIIIPHO-KAPOOHATHBIM YEPHO3EM, 3aJIETAIONINA Ha JIECCOBHUIHOM CYTIIMHKE,
MOIIIHOCTh TymycHoro ropuszoHTa 90-100 cM, cymMma mMOTNIOMEHHBIX OCHOBaHUK 36-38
Mr*skB./100 T moussl. [Ipu 3aknanke ombiTa cofepKaHue rymyca ObUIO CpeHEE U COCTABIISIIO
2,75-3,0%, noasmxHoro ¢ocdopa ouens Hu3koe — 0,8-1,0 mr/100 r (mo Mauuruny), oOMEeHHOTro
Kamus cpeaHee u ontuMaiibHoe — 18-22 mr/100 r mouBkl, kapoonaroB — 1,5-1,8% B cioe 0-20 cm
u 6-10% B cioe 60-100 cMm.

CeB000OpPOT BOCBMUIIOJBHBIN: KYKypy3a Ha 36pHO — FOPOX Ha 3€pHO — O3MMasl MIIEHULIA
— o3uMas TIIEHHIIAa — KyKypy3a Ha 3€pHO — TrOpoX Ha 3epHO — O3uWMas MIICHHWIa —
MIOJICOTHEYHHK.

Cxema JaHHBIX UCCIIEIOBAaHUM BKIIOYAET KOHTPOIb 0e3 ynoOpenuii ¢ 1953 ., BapuaHThI
C Pa3IMYHBIMHA J[03aMH MHUHEPATbHBIX, OPTaHWYECKUX WM OPTraHOMHHEPAIBHBIX YIOOpECHUH.
JlaHHBIE BOCHMHIIONBHBI  CEBOOOOPOT OBLT BBEAEGH TOCIAE JBYX TOJNHBIX pOTalUN
JECATUIIONBHOTO CEBOOOOpOTa ¢ MPUMEHEHHEeM HM3KUX 1103 ymobpenuit (1950-1970 rr.). B
NIEPBOI POTAIIH JECATHIIOIBHOTO CEBOOOOPOTA €XKETOAHO BHOCHIIMCH 110 2 T/Ta MOJICTHIOYHOTO
HaBo3a U 12-24 xr NPK/ra. C 1973 r. B BOCBMHUIIOJIEHOM CEBOOOOPOTE BHOCUIIM yIOOPESHHSI IO
mIaHupyeMbit ypoxkait, u m036l coctaBimsim 300 xr NPK/ra — NjpPgoKgy (¢ 1999 roma
NooPeoKso); 2KBHBaTIEHTHOE €XKET0IHOe BHECEHHE OPraHUYeCKUX yI00peHuit — HaBo3a 24 1/ra (c
1999 r. 18 1/ra); opranoMuHepaibHbIe YI0OpeHus — 2 HaBo3a + %2 NPK (¢ 1999 r. HaBo3 9 1/ra
+ NysPssKsp). C 2006 T m3ydanoch mocienelicTBie BHECEHHBIX Ha MpoTsbkeHun Oonee 30 et
ynobpenuit, a ¢ 2008 r — mpsiMoe AelcTBME MUHUMAIbHBIX 703 MHUHEpPAJIbHBIX YAOOpEHUU:
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npurnoceBHoe BHeceHne ammogdoca 50-100 kr/ra (N47Pss), momkopmku kopHeBbie Nysgo U
HEKOpHEBble N3g C 3a/eJbIBAHUEM B TOYBY BCEX PACTUTENIbHBIX OCTAaTKOB (CTeONIM, CTEpHS,
KOPHH).

N3yuanace AuHaMuKa CIEAYIOUIMX HHUTATEJIbHBIX BEUIECTB: HUTPATOB, IOJBHXKHBIX
¢docthaTtoB u obmenHoro kanusi. Bapumanter: 1. koHTposib 6€3 ymoOpeHmii, 2. MHHEpaJbHBIE
ynoOpeHwus, 3. opraHu4ecKue yao0peHusl.

HccnenoBanust B ceBOOOOPOTE pa3BEPHYTHI B IPOCTPAHCTBE HA TPEX IMOJISAX U BO BPEMEHHU
¢ 1953 mo 2019 rr. Ilnomane KakKa0TO TOJISA COCTABISET 2 Ta, BBOAATCS B CEBOOOOPOT
noouepénno. [lnomanp Kaxa0ro 3KCIepUMEHTAILHOTO yyacTka cocrasisier 200 Ve (20 x 10 m),
3 MOBTOPHOCTH.

[Tpumensn cuenyronme MUHEpaIbHbIe yIOOpeHUs: aMMO(OC MPH MOCEBE, aMMHUAYHAs
CeMTpa B KOPHEBBIX MOJKOPMKaX, KapOoMuI, mojynepenpeBmuid HaBo3 (10 2005-2006 r.) mox
KyKypy3y Ha 3epHO. Bce pacTuTenbHble OCTaTKM, BKJIIOYAs IOOOYHYIO MPOAYKLHUIO
BO3JIETIBIBAEMBIX KYJIBTYp, 3aJI€JbIBAIM B NIOYBY. PacTuTenbHble OCTATKU U3MEIbYaAId BO BpeMs
yOOpKH KOMOAHOM W 3a/eJIbIBAIM B TOYBY: JUIS O3MMOM MIIEHUIIBI IIPH TEPBUYHON 00paboTKe
MOBEPXHOCTU AMCKOBBIMU OPYIUSIMH, JJISI KYKYpPYy3bl, IOJACOTHEYHUKA — BCHAIIKH HA TIYyOUHY
25-27 cm.

XuMuYeckuil aHajan3 o0pasioB MOYB OCYIIECTBIUICA B abopaTopuu Y 4eOHO-OnbITHOM
craniuu «Kerpocsi» 'TAYM B COOTBETCTBUM ¢ METOAMYECKUMHU YKa3aHUSIMU: HUTPAThl B IIOYBE
OTpeeNsd BECHOM B Hayaje BereTallMi MHICHULB JUCYIb(OPEHOIOBBIM METOAOM,

noABMKHBIA (ochop 1 oOMeHHBIN Kanmmii — mo Mauuruny (Apunymkusaa, 1970; Uunoury,
2016).

PE3YJIBTATBI U OBCYXJIEHHUE

JlaHHBIC, HAKOIUICHHBIE B TOJBI HCCIICJIOBAaHWM, TOITBEPAWIN JTUHAMHUYHOCTh U
U3MEHYUBOCTh cozepxkanuss HutpaTHoro aszora (N-NOjz) B mouse. bonbiie HuTpaToB mon
pacTeHUsIMH B TaXOTHOM M Oojee TIIyOOKMX CJlOsSX OOHapyKMBAaeTCs BECHOM J0 Hadaia
notpebneHus ux pacrenusmu. K Haganny co3peBaHus 3epHa JaHHOE COJEpKaHUE MUHUMAIBHO U,
KaK MPaBHUJIO, B HECKOJIBKO pa3 MEHbIIIE BECEHHETO COJIepKaHms. AHaIN3 P00 MOYBBI BECEHHETO
cpoka yuéra (ampenb) MOKa3aad, YTO KOHLEHTPALUS HUTPATHOTO a30Ta B MPOQuIIe MOUBHI MO
pactenusmMu o3umoi mieHutrbl 10 40-60 cm wim 80-100 cm yacTo 0coOEHHO Ha KOHTposie 0e3
ynobpenuit He mpeBbimaeT 10 MI/Kr MoYBBI, YTO HE YJOBIETBOPSIET MOTPEOHOCTH pacTEHUIl B
azore (pucyHok 1). DTo 00ycnaBiIMBaeT BBICOKYIO OT3BIBUMBOCTH PACTCHHUI HAa MPUMEHEHUE
A30THBIX YAOOPEHUH.

YnoOpeHns, Kak TPaBWIO, YBEIWYHBAIN COJIEP)KAHWE HHUTPATHOTO a30Ta BO BCEM
KOpHeoOuTaeMoM cioe mouBbl. [Ipu 3TOM aeiicTBue ynoOpeHHil 3aBHCENO OT HUX COCTaBa U
BHOCHMBIX J103. boJblliee KOIM4eCcTBO HUTpATHOTO a3oTa B mpodwie mouBbl 0-60-100 cm gare
BCEro OOHApYXMBAJIOCh Ha BapHaHTaX C NPUMEHEHUEM MHHEPATbHBIX CHUCTEM YAOOpEHUS.
Taxke 0TMEYasoch, YTO YeM BBIIIE 71032 YAOOPEHHs, TeM OOJIbIIe HUTPATOB OOHAPYKUBAJIOCH
BecHOM. [1o KoIMYecTBYy HUTPATHOTO a30Ta, HAKOIUIEHHOTO BecHOH B croe 0-60-100 cm MoxkHO
MIPOTHO3UPOBATH 0OECTICUCHHOCTh PACTEHUN a30TOM U OOOCHOBATh JI03Y a30Ta yIOOPEHHM aJis
obecrnieueHus (popMHPOBAHUS TIIAHUPYEMON BETUYUHBI YPOXKask BO3AEIBIBAEMON KYJIbTYPHI.

[TpumeneHne HeOOMBIHX 103 yIoOpeHuit — 2 T HaBo3a + NsP1,Kig B mepuon 1953-1962
IT. TepBasi poTalus JECATUIOIBLHOTO CEBOOOOPOTA) YBEIUYWIO COJAEPIKAHHUE TOABUKHOTO
dochopa (P20s) B cioe noussl 0-40 cm B cpeanem B 1,6 pa3, B cioe 40-60 — B 1,5 pasa mo
CpPaBHEHHIO C COJIEP)KaHMUEM Ha KOHTpoJie 0e3 yaoOpeHnid B 3TOT MEPHOJT COOTBETCTBEHHO 1,65 1
1,00 mMr/100 r mouBsI (pucyHoK 1).
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Pucynok 1. lunaMuka HUTPaTHOTO a30Ta

Bo BTOpOIi poTanuu AECATHIIONEHOTO CEBOOOOPOTA CONEpKaHHUE MOJIBUKHOTO (ocopa
CTaJI0 CHUXKAThCS 10 CPABHEHHUIO C MEPBOW poTalueld — Ha KOHTPOJIE B 3aBUCHMOCTH OT CJIOS
NOYBBI JOHHOE coxaepkanue cocrtaBwio 0,6-1,4 mr/100 r, pasHuna Mexay yaoOpEeHHBIM U
HeynoOpeHHbIM Bapuantamu Bcero 0,15 mr/100 r B Bepxuem cnoe u 0,25 mr/100 r mouBsl B
HUKHEM 11axoTHOM cioe 40-60 cm.
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Pucynox 2. Jlunamuka moasuxHoro gochopa

[IpumeHeHne BBICOKMX 03 MHUHEPAJbHBIX yAOOpeHUH B TEpBOM  poTaluu
BOCBMUIIONIBHOTO ceBooOopoTa 1973-1980 rr. yBenuuuio cojepkaHue MoaBMKHOTro ¢gocdopa B
BEPXHEM CJI0€ KapOOHATHOTO YepHO3EMaA B cpetHeM 110 3,3 pa3, B HIDKHEM maxoTHoM cioe 40-60
CM 9TO yBEeNMYEHHE OBbLIO YK€ HE CTONb 3HAYMTENbHBIM — B 1,3 paza mo CpaBHEHHIO C
COJIepKaHUEM B JaHHBIN nepuo 1 Ha KoHTpoJie cooTBeTcTBEHHO 0,90 1 0,63 Mr/100 r mouBsl. OT
MPUMEHEHUS HaBO3a COJEpIKaHHEe TOJBIKHOTO (hocdopa yBETHMUUIOCH COOTBETCTBEHHO B 3,1 U
1,5 pa3. Ilocnenyromiee MpUMEHEHHE BBICOKHMX 103 MPUBEJIO K €€ OONBIIEMY YBEIUYEHUIO
coliepkaHusi ToABMXKHOTO (ochopa B mouBe. B mepuon 1989-1996 rr. oHO yBenHUUIOCH
COOTBETCTBEHHO yXk€ B 3,7 M 2,6 pa3 OT NPUMEHEHHs] MUHEPAJIbHbIX 103, B 3,5 n 2,4 pa3 oT
MPUMEHEHUS HaBO3a MO0 CPaBHEHHIO ¢ conaepkaHueM Ha koHTpoie 0,94 mr/100 r mouBel B
BepxHeM U 0,37 mr/100 T B HI>KHEM maxoTHOM ciioe. B 1997-2005 rr. coaeprkanue moaBUKHOTO
docdopa B cmoe 0-20 cm yxe cocraBuno 3,33-3,48 mr/100 r Ha BapuaHTaXx ¢ MPUMEHEHHUEM
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ynoopenuit u 0,93 mr/100 r mouBsl Ha kKoHTpose. B cnoe 40-60 cM maHHOE conepkaHue OBLIO
cootBeTcTBeHHO 0,81-0,92 1 0,38 Mr/100 r mo4BEI.

[Tpu mocnenelcTBIN ¥ TPUMEHEHUH HU3KUX /103 YI0OPEHMI ¢ 3a/1eKOi Beel moOOYHON
nponykuuei B 2006-2013 u 2014-2018 rr. comeprxanue noamwkHoro gocdopa B kapOOHATHOM
yepHO3EéMe CHU3MIOCH 10 2,55-2,87 mr/100 r B ciioe 0-20 cm u 1,07-1,22 mr/100 T mo4BsI B cioe
40-60 cm. Ha BapmanTe 0e3 mpuUMEHEHHsS yAOOpPEHHH, HO C 3aJIeTKOM BCEX PaCTUTEIbHBIX
OCTaTKOB JJAHHOE COJIEP)KAaHUE YBEIUYUIOCh COOTBeTCTBEHHO 10 1,58 1 0,80 Mr/100 r mo4BsI.

MakcumanbHoe coaepxkanne obmenHoro kamus (K;O) Habmogamock B Troasl ¢
IPUMEHEHUEM BBICOKHMX 1103 ynoOpenuil. B 1989-1996 rr. or npumeHeHHs MHUHEPAJIbHBIX
yI00peHu# JTaHHOE cojaepaHue yBenuuuioch B cioe 0-20 cm Ha 7,9 mr/100 r mouBsl, a Ha
BapuanTte ¢ HaBo3oM Ha 8,3 mr/100 r moussl, B cioe 40-60 cm — Ha 0,6-0,9 mMr/100 T mo4BsI TpU
COJIEpXKaHUU Ha KOHTpoJie cooTBeTcTBeHHO 17,6 1 13,5 mr/100 r mouBsl (prcyHOK 3).
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KonTpouns (0e3 ymoOpenwii)
Pucynok 3. JluHamMrka 0OMEHHOT'O KaJIus

[Ipekpaiienue NpUMEHEHHS KAIMHHBIX YIO0OPEHHH B MOCIEIHUX POTALUSIX CEBOOOOpOTa
HE TIPUBEJIO K PE3KOMY CHIDKEHUIO COJIEPKaHUsS OOMEHHOTO Kaiusi B KapOOHATHOM UYEpPHO3EME,
9TO OOBSACHSETCS TOJOKUTEIBHBIM OalaHCOM OpPraHMYEeCKOW Macchl U €IeMEHTOB MUTAHHS B
pe3ynbTare MpUMEHEHUs] MOOOYHOM MPOAYKIMHU BO3JEIBIBAEMBIX KYJIbTYp Kak yI0oOpeHHH U
MOJIBIKHBIM PaBHOBECHEM BbEXYy Pa3UYHBIX KaluiHBIX GopM. MakcuManbHOE coaep)KaHue
JIAHHOTO dJieMeHTa HaltomaeTcss B BepxHeMm cioe mouBbl 0-20 cm, B cimoe 40-60 cm oHO
CYIIIECTBEHHO CHUXkaeTcs B 2-2,5 pasa.

BbIBO/IbI

CopepxaHve HUTPATHOTO a30Ta BAapbUPOBAJIO B 3aBUCUMOCTH OT J03 M BHJIOB
ynoOpeHui, OT neproja BereTaliui 03UMMoM NnieHuIsl. MakcuManbHOe KOJIMYECTBO HUTPATHOTO
a3oTa OBLJIO OTMEYEHO B TOABI C BHECEHHWEM OTHOCUTENIBHO BBICOKHMX /103 MHUHEpAIbHBIX
ynoOpenuii. B mepuoa ¢ BHeceHHEM B TIOYBY PACTHTENIBHBIX OCTATKOB W BCEH MOOOYHOMU
IPOAYKIMHM COAEpKAHME HUTPATHOTO a30Ta B IOYBE 3HAYUTEIBHO YMEHBUIWJIOCH 3a CUET
AaKTHBM3AllMM MUKPOOMOJIOTUYECKUX MPOLECCOB MPHU Pa3lIOKEHUH PACTUTENBHOM MAacChl, a B
2019 rony 3a c4ét BHECEeHUs1 KapOoMHUa.

Cucrematnueckoe npuMeHeHHE Pgogo B COCTaBe MOJHOTO MHHEPAIbHOIO YAOOpeHHUs
YBEJIMYMBAJIO COZIep KaHne MOABIKHBIX (pocdaToB B cioe 0-20 cm ot 3 10 4 mr/100 1 mouBkI pu
conepkanuu Ha KoHTpose 0,7-0,9 mMr/100 r, B HMXKHUX CIIOSIX 3TO COZAEpKaHHE YMEHbIIAIOCh B
cpeaneM 3a potauuu ot 1,8 1o 0,8 mr/100 r Ha ynoOpenusix BapuanTtax u ot 0,7 1o 0,4 mr/100 r
Ha KoHTpoje. IIpuMeHeHre HEBBICOKMX 03 MHUHEPAIbHBIX YAOOpPEHHUH B TMOCIETHUX IBYX
portarusix (2006-2019 rr.) COBMECTHO C PacTUTEIbHBIMU OCTATKaMH M MOOOYHOM MpoayKIMen
CHU3WIIO CoJiepKaHue TIOJIBIKHBIX (ocdaToB B mouse ¢ 3,48 10 2,55 mr/100 r mouBHI.
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BrlpamuBanue CenbCKOXO3SMCTBEHHBIX KYJAbTYp Ha KapOOHAaTHOM 4YepHO3EME Ha
nporspkernn 53 met (1953-2005 rr.) 6e3 mpuMeHEeHHs] yIOOPEHHW CHU3WIO COJACpIKaHWE
noBmwkHOTO ocdopa ¢ 1,00-1,65 mo 0,38-0,93 mr/100 r mouBkI; coaepKkaHUe OOMEHHOTO KaJus
CYIIECTBEHHO HE M3MEHWJIOCh. ONTHUMAaNbHBIM COZEpX)aHHEeM MOJABMXKHOrO Qochopa B mouse
JU1s1 03uMOi nieHunbl sapisierces 3,0-4,0 mr/100 r.
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SISTEMA DE FERTILIZARE A GRAULUI DE TOAMNA iN
CONDITIILE BILANTULUI ECHILIBRAT A MASEI ORGANICE $1
ELEMENTELOR NUTRITIVE IN ASOLAMENT

Dumitru INDOITU, Diana INDOITU
Universitatea Agrara de Stat din Moldova
44 Mircesti, Chisinau, Republica Moldova, MD-2049,
e-mail: indoitudumitru@rambler.ru

Abstract The productivity of winter wheat, grown after different crops, was studied. The following
varieties were studied: "Kuyalnik”, “Bashtina”, “Antonovka”, ”Blagodarka Odesskaya” and ~Genius”.
The research was conducted in a long-term experiment with various fertilizer systems on calcareous
chernozem. It was found that the use of by-products of crops as fertilizer, cultivated in field crop rotation,
balances organic matter and nutrients in the soil. This can reduce the rate of application of mineral
fertilizers for cultivation of winter wheat to: 100-150 kg ha™ of ammophos during pre-sowing, 100-150 kg
ha of ammonium nitrate during additional fertilizing in early spring, and 65 kg ha™ of urea during
additional foliar fertilizing in the full blooming phase - the beginning of the formation of grain. The grain
yield of winter Wheat of the “Kuyalnik” variety cultivated after maize for grain was 2.2 t ha* in the
control with the natural fertility of calcareous chernozem (unfertilized since 1950) and 3.2 t ha™ on
fertilized variants; after a rotation of winter wheat - 2.3 and 5.8 t ha™, respectively; after a rotation of
peas — 3.4 and 6.5 t ha™. The productivity of the “Genius” (Germany) variety cultivated after peas for
grain was high — 5.8-6.3 t ha™. The increase in yield was 2-3 t ha™*. The additional foliar fertilization with
urea significantly improved the quality of grain of "Antonovka™ and "Blagodarka Odesscaia’ varieties,
cultivated after peas, oats, maize for grain and sunflower, increasing the gluten content of the grain by 6-
8%.

Key words: winter wheat, fertilizers, balance, nutrients, soil organic matter.

INTRODUCERE

Specializarea gospodariilor agricole la cultivarea culturilor de camp fard sectorul
zootehnic, cu folosirea ca ingrasaminte a productiei secundare si ramasitelor organice — miristea,
radacinile, necesita aprecierea sistemelor de fertilizare a culturilor de camp, in deosebi, a graului
de toamna, care ocupd in agricultura Moldovei 373 mii ha. Prioritatea mazarii, graului,
porumbului, floarea soarelui ca premergatori pentru graul de toamna este determinata de
intensitatea descompunerii masei organice, incorporatd in sol, care la randul sau depinde de
continutul chimic, de raportul C : N. Acest raport variaza de la 22-25:1 pentru mazare, 60-80:1
la grau si porumb,48-50 la floarea soarelui; in cernoziomul carbonat 10-12:1, gunoi de grajd 20-
25:1. Cu cat raportul in masa organicd este mai mic, in conditiile favorabile de umiditate,
temperatura si aeratie a solului, cu atat intensitatea de descompunere a masei organice in sol este
mai mare si invers (Zagorcea,1990; Andries, 2007).

MATERIALE SI METODA

Investigatiile au fost efectuate in experiente de lungd duratd la Statiunea Experimentala
”Chetrosu”, pe cernoziom carbonat usor argilos, cu continut de humus - 2,5-2,7%, fosfor mobil
(dupa Macighin) - 1,0-2,5 mg/100g sol, potasiu schimbabil - 18- 24 mg/100g sol. A fost cultivat,
graul de toamna sortul ,,Kuialnik” (2014-2015), ,Bastina” (2015-2016), ,,Antonovka”,
”Blagodarka Odesskaia” (2016-2017), ,,Genius” (2017-2018), dupa trei premergatori: porumb la
boabe, grau si mazare. Semanatul s-a efectuat cu semanatoare combinata grea cu introducerea
ingrasamintelor in timpul semanatului Intre rAnduri. Norma de seménat — 6 mil/ha seminte si 100
kg/ha amofos. Primdvara la sfarsitul infratirii graului (17 martie 2016) s-a petrecut nutritia
radiculara cu azotat de amoniu an doza de 100-150 kg/ha.

Conditiile meteorologice a anilor 2015-2018 au avut caracteristici egale si distinctive
mediei multianuale. Dupd cantitatea de precipitatii toti 4 ani au fost aproximativ egali cu media
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multianuala 448 1/m? 2014-2015 — 472,2; 2015-2016 — 520,9; 2016-2017 — 491,2 si 2017-2018 —
475,2 1/m?. Deosebiri au fost in repartizarea precipitatiilor in perioada de acumulare octombrie —
martie, care au alcatuit 57,8; 50,0; 35,6 si 65,6% din cantitatea anuala, media multianuala , fiind
36,1%. Depunerile atmosferice, cazute in perioada de acumulare a anilor 2015, 2016 si 2018,
formase in stratul de sol 0-100 cm la inceputul lunii martie o rezerva maximala de umiditate
productiva — 150-160 I/m?, in anul 2018 (29/111) — 226,4 I/m?, care au avut o influenta favorabila
asupra productivitatii culturilor agricole.

REZULTATE SI DISCUTII

Tn anul agricol 2014-2015 recolta graului de toamna sortul ,,Kuialnik”, cultivat dupa
mazare in asolamentul cu 8 sole, a fost relativ inaltd si a variat simtitor in dependentd de
postactiunea diferitor sisteme de fertilizare si a actiunii directe a amofosului (100 kg), folosit in
timpul semanatului (figura 1). Pe variantele fara ingrasaminte recolta de boabe a constituit 1,43-
1,51 t/ha, pe variantele sistematic fertilizate in trecut cu ingrasaminte minerale, organice si
organo-minerale recolta de boabe a fost la nivelul 2,87-3,07 t/ha. Introducerea amofosului la
semanatul graului a madrit recolta de boabe pe toate variante experientei cu 0,60-0,77 t/ha,
atingand nivelul de 2,08-2,7 pe martor si 3,55-3,75 t/ha pe fonduri fertilizate.
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Odupa mazare, c. 1, 2015 P 2,0%; DLO5 1,47
dupa mazare, c. 1, + amofos 100 kg + N60, 2015 P 1,6%; DL0O5 1,46
B dupa mazare, c. 9, + amofos 100 kg + N34, 2016 P 1,4%; DLO5 0,20
O dupa mazare, c. 3, + amofos 100 kg + N34, 2018 P 2,0%; DL05 0,30
B dupa grau de toamna, c. 1, + amofos 100 kg + N34, 2016 P 2,3%; DL05 0,34

Figura 1. Recolta de grau de toamna, asolament cu 8 sole

Calitatea boabelor de grau in conditiile anului dat a fost relativ inalta: masa la 1000 de
boabe a variat de la 28,6-30,0 g la martor pana la 39-43 g pe fonduri fertilizate; masa
volumetricd a variat de la 752 pana la 770 g/l in probele luate in timpul recoltarii roadei. Tn
probele colectate la 29 iunie pana la ploi (4 iulie — 15,0 I/m?), pentru determinarea structurii
roadei, calitatea boabelor a fost relativ mai Tnaltd — masa volumetrica a variat de la 817 péana la
854 g/l. De asemenea, in dependenta de acesti factorii a variat si continutul de gluten — 20,3% pe
martor absolut, 23,3% pe martor + amofos (100 kg) si 21,3-22,6% pe fonduri sistematic
fertilizate Tn trecut, 27,2-27,7% sub influenta amofosului pe aceste fonduri. Adausul continutului

de gluten sub influenta amofosului la semanat a alcatuit 5%, calitatea glutenului a fost suficienta
(IDK — 60-70).
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Tn anul agricol 2015-2016 roada de grau sortul ,Bastina”, cultivat dupa porumb la boabe,
a alcatuit 2,13 t/ha pe martor fara ingrasaminte si 2,9-3,2 t/ha pe fonduri sistematic fertilizate n
trecut si actiunea directa a fertilizantilor folositi la seméanat si la nutritia radiculara (figura 2).

Sporul in recolta a alcatuit 0,8-1,0 t/ha boabe. Dupa premergatorul grau pe cernoziom
carbonat recolta de boabe a alcatuit 2,31 t/ha pe martor absolut si 4,8-5,8-6,0 t/ha pe fonduri
sistematic fertilizate in rotatiile precedente a asolamentului plus actiunea directd a amofosului
(100 kg/ha) la semanatul graului si N3s4 in nutritia radiculard primdvara. Adausul de roada
alcatuieste 2,6-2,8 t/ha boabe. Recolta graului de toamna cultivat dupa mazare in asolamentul cu
8 sole, campul 9 a fost relativ inalta si a variat in dependenta de postactiunea diferitor sisteme de
fertilizare si a actiunii directe a amofosului (100 kg la semanat) de la 2,6-3,5 pe martor pana la
4,4-5,6 t/ha pe variante sistematic fertilizate in trecut cu ingrasdminte minerale, organice si
organo-minerale. Adausul de roade a alcatuit 1,8-2,0 t/ha. Continutul de gluten dupa
premergatorul grau a fost 18,8 pe martor si 23-26% pe fonduri fertilizate. Dupa premergatorul
mazare la boabe in veriga cu postactiunea lucernei in asolament — 26-30-32%.
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Figura 2. Recolta de boabe a graului de toamna ,,Bastina”, 2016

Calitatea boabelor la sortul ,Blagodarka Odesskaia” si ,,Antonovka” a variat de
asemenea in dependentd de premergatori si fertilizarea foliatd. Masa volumetrica, precum si
continutul de gluten a fost mai micd dupd premergatorul porumb — 795 g/1 si 16,8%, dupa floarea
soarelui si ovas concomitent 809 g/1, 18,8%; 810 g/1, 18,8%; dupa mazare — 818 g/l, 22,8%. n
rezultatul nutritiei foliard calitatea boabelor de grau sa marit simtitor. Dupa porumb la boabe
masa volumetrica s-a marit pana la 818 g/l — cu 23 unitati, dupa floarea soarelui si ovas 824-825
g/l — cu 15 unitati, dupa mazare — 835 g/l — cu 17 unitati. Continutul de gluten s-a marit cu 10%
dupa porumb, cu 9,2% dupa floarea soarelui, cu 3,2% dupa ovas si cu 2,4% dupa mazare. Dupa
floarea soarelui continutul de gluten in boabele de grau a fost mai mare — 28-30% pe ambele
sorturi ce poate fi legatd cu masa organicd a recoltei secundare — tulpini si palarii relativ usor
descompuse 1n sol dupa recoltarea premergétorului i pana la recoltarea graului.

Graul de toamna, sort “Genius” (Germania), in anul 2017-2018 a fost cultivat dupa
mazare (figura 3). Potentialul genetic inalt a sortului de grau, conditiile meteorologice favorabile
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in perioada de vegetatie a graului si fertilizantii folositi in timpul semanatului — amofos 150
kg/ha si 150 kg/ha azotat de amoniu in nutritia radiculard au format o recolta inalta de boabe 5-6
t/ha. Adausul de roada fatd de martor fara ingrasaminte alcatuieste 2-3 t/ha boabe. Diferenta de
roada pe variantele cu postactiune a dozelor majorate de ingrasdminte organice, minerale si
organo-minerale, folosite in rotatiile precedente a fost slaba — 5,8-6,3 t/ha.

h
p.a. 0,56unoi +
0,5NPK +
amofos 100kg/ha+
N60

paNPK +

amofosdggkgfha y p.a.Gunoi +

amofos 100kg/ha +
N60

Figura 3. Snopi de grau de toamni ,,Genius” dupd mazare, 1 m?

Calitatea boabelor de grau in conditiile anului dat a fost relativ Tnalta si a variat in
dependentd de premergéatori si sisteme de fertilizare: masa la 1000 de boabe a variat de la 32-34
g pe martor pand la 38-40 g pe fonduri fertilizate; masa volumetrica a variat de la 790 pana la
810-820 g/l.

CONCLUZII

in conditiile anului 2015 recolta de grau ,,Kuialnic” a variat de la 1,4-1,5 t/ha pe martor
pana la 2,8-3,0 t/ha pe variante cu postactiune a diferitor sisteme de fertilizare. Folosirea a 100
kg/ha de amofos la semanatul graului si Ngo in nutritia radiculard a marit recolta de boabe cu
0,60-0,77 t/ha. in conditiile anului 2016 recolta de grau ,,Bastina” a variat in dependenta de
premergdtori, de postactiunea si actiunea directd a sistemelor de fertilizare. Dupa porumb la
boabe recolta a variat de la 2,1-2,2 pe martor pana la 2,9-3,2 t/ha pe variante sistematic
fertilizate; dupa grau concomitent — 2,1-2,3 si 4,8-5,8; dupa mazare — 3,1-3,4 si 5,8-6,0-6,5 t/ha.
Sub influenta sistemelor de fertilizare simtitor s-a marit calitatea boabelor de grau — masa la
1000 de boabe a variat de la 32-34 g pe martor pana la 38-40 g pe fonduri fertilizate; masa
volumetrica de la 790 pana la 810-820 g/I. Continutul de gluten dupa premergatorul grau a fost
18,8 pe martor si 23-26% pe fonduri fertilizate, dupa premergatorul mazare la boabe in veriga cu
postactiunea lucernei Tn asolament — 26-30-32%.

Productivitatea graului de toamna ,,Blagodarka Odesskaia” si ,,Antonovka”, calitatea
boabelor in 2017 a depins de premergatori si in deosebit de fertilizarea foliara. Dupa porumb la
boabe continutul de gluten in boabe a fost joasa — 16,8%, pe fond fertilizat — 26,8%.
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Premergatorul floarea soarelui a favorizat o productivitate inalta a graului de toamna. Sortul de
grau “Genius”, cultivat dupa mazare in anul 2018, datorita fertilizantilor folositi in timpul
semanatului i in nutrigia radiculara, a format o recolta inalta de boabe 5,8-6,3 t/ha cu adausul
fata de martor fara ingrasaminte 2-3 t/ha boabe.

Productivitatea scontatd a graului depinde de conditiile meteorologice si umiditate a
solului, coeficientul de valorificare a umiditatii de catre plante (Andries, 2007), sistema de
fertilizare, sistema de prelucrare a solului, protectia plantelor de boli si vatdmatori, potentialul
genetic a culturii. Sistema de fertilizare sub roada scontatd a graului de toamna in conditiile
mediei multianuale a altor factori determinativi a productivitatii acestei culturi cuprinde:
incorporarea in sol a recoltei secundare si a ramasitelor organice a premergatorului cu cantitatea
necesard de azot, care reiese din raportul C:N - 22-25:1, optimal pentru mineralizarea masei
organice, ori 1% din masa organica incorporatd in sol; introducerea ingrdsamintelor minerale in
timpul semanatului graului Nip.18Ps5.60 (amofos 100-150 kg/ha), ori uree 100 kg/ha, daca
continutul de fosfor mobil Tn sol este mai mare de 2,5 mg/100g sol dupa Macighin.
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Abstract. Desertification is a serious environmental process occurring in many regions of the planet, and
leading to adverse natural and socio-economic consequences. In the Rostov region there are arid
landscapes subject to desertification processes, on which the state of soils and vegetation has been
monitored for many years. In this article, the territories of the southeastern regions of the Rostov region
that belong to the arid and subarid steppes are selected. To assess the state of landscapes, the NDVI
calculation method was applied using ArcGIS and QGIS software.

Key words: NDVI, desertification, monitoring, vegetation, arid landscapes.
BBEJIEHUE

Jlerpaganusi 3eMeNb SIBISIETCS KOMIUIEKCHBIM MIPOIIECCOM, BEAYIIUM K CHIDKEHUIO
noyBeHHoro miogopoaus (Kassas, 1999), ocoGeHHO 3TO XapakTepHO JUIsl apUIHBIX U
CyOapuaHBIX PETHOHOB. B MCTOpHH pa3inuyHBIX JaHIIIA()TOB MOTYT MPUCYTCTBOBATH IEPHOIBI
HOBBILICHUS ApUAM3ALUM WM JaXke IOsABICHUS MpoleccoB onycThiHuBaHus.Ha mnpumepe
nanamadros Cpeausemuomopbs J. Puigdefabregas, T. Mendizabal (1998) mokaszano, uto mpu
U3y4EHUM BIUSHHUS OIYCTHIHUBaHMS HEOOXOAMMO IPOBOJUTH OLIEHKY B3auMOJEHCTBUSA
BHYTPEHHUX PEryIISTOPHBIX MPOIECCOB JaHAMA(PTa U BHEITHUX (DaKTOPOB CPENbI, a TaKKe HE
UMEET CMbICIIa MBITaThCS M30JMPOBATH JIAHAWA(PT OT JAEATENIBHOCTH YEJIOBEKa, IOCKOJIBKY
AQHTPOIIOTEHHOE BO3/ICHCTBHE HA M3yYaeMbIX TEPPUTOPHUSIX — HEOTHEMJIEMBIH (DaKTOp, KOTOPHIHA
HEBO3MOXXHO HCKIOUUTh. JlanmmadTel oOecneunBalOT CBS3aHHbIE C HUMM COOOILECTBA —
JFO/ICH, TOMAITHUHA CKOT, €CTECTBEHHYIO U (hayHy, - BceM HEOOXOAWMBIM JUIsi CyHIECTBOBAHHSL.
Ho y kaxpnoro nanmmadra ecTb CBOW JMMHUT OHOMACCHl, KOTOPBIH OH MOXET YCTOWYMBO
POM3BOUTH /s 3TOro. Korja TuMHT mpeBbIaeTcsi, OMONPOyKTUBHOCTh CMEIASTCS U 3EMITH
HAYMHAIOT MMOKa3bIBaTh Npu3Haku Aerpanarmu. (Kassas, 1999)

Jnst m3ydeHHWs MacIITaOHOCTH TIPOILIECCOB OIYCTHIHMBAHUS TPHUMEHSIOTCS METOJBI
JUINTENILHOTO HAOJIOAEHUS M KapTUPOBAHMs pPA3JIMYHBIX CTaJuil apuIHON Jerpajanuu
nanamwagTo (3anmubexkoB u ap., 2000). Mcrnonb3yss HakKOIUIEHHbIE MaTepHallbl M KapTbl
onpenensercs TEHACHUUS K LUKIMYHOMY WIM JAMHAMUYHOMY HaNpaBJIeHHUIO Mpollecca
apuamu3anmi. COCTOSHUE PACTHTEIHHOTO MOKPOBA SBIISECTCS BaXKHBIM WHIWKATOPOM JUTSI OLIEHKH
crenenn gaerpamaimu nouB (Zhangetal, 2004). NDVI (HopmaiM30BaHHBIA BereTallMOHHBIH
WHJIEKC) — Hauboyiee MIMPOKO TPUMEHSEMBIH HMHIEKC, TOKAa3bIBAIOMIMK  IUIOTHOCTh
pacTuTenbHOro MOKpbITUA U ero cocrosHue. NDVI aktuBHO pearupyer Ha KHUBYIO
pPacTUTENBHOCTh, TIOCKOJBKY VYUYUTBHIBAET TMPH pacueTe IMOIJIOMIEHHEe KpPacHOTO CIIEKTpa
XJIOPOQUIUIOM, TO3TOMY €ro BBITOJAHO HCIHOJb30BaTh I HM3MEPEHUS «O3EJICHEHHOCTH
(Lamchin, et al. 2015). DToT mpOCTOW HMHAWKATOP MOXKET HUCIOJIB30BATHCS IS YAAJICHHOTO
MOHUTOPHHTA, JUIsI KapTUPOBaHMs IMPOCTPAHCTBEHHO-BPEMEHHBIX W3MEHEHMH PacTUTEBLHOTO
nokposa (Tucker, 1979).

HN3YYAEMASA TEPPUTOPUSA

Oro-Bocrounass wacte PoctoBckoit ob6mactu coctoutr u3 Ilponerapckoro (31),
Opnosckoro (29), 3aermrckoro (11), 3umoBHukoBckoro (13), [ybockoro (9) wu
Pemontnenckoro (32) paiioHoB (Pucynok 1). B cymme naHHBIE TEppUTOPUHM COCTaBISIOT
wiomank 23 553,75 km?. CornacHo cxeme 3aCylUINBBIX 3eMelb Poccuu, MOCTPOSHHON ¢ y4eTOM
cpennero MHoroJjieTHero koddduiumenta ynaxaenus K. TopaTseiina 3a mepuon 1936 - 2000
IT., UIMEHHO YyKa3aHHbIE TEPPUTOPUH BXOIAT B 30HY, OIPaHUYCHHYIO Ha CEBEpe W 3amaje
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u3onuHuen 0,65 — 30HY cyxux CyOrYMHUIHBIX U CEMUAPUIHBIX 3eMenb (3oi0TokpeutuH, 2009).
OnycThIHMBaHUE KaK MPOIECC, MO ONPEAETICHUI0, MOXET HUMETh MECTO HCKIIOYUTENIbHO B
3aCyNUIMBBIX 3eMJISIX M TIPUPABHUBATH €0 K MOHATHIO MPOLIECCa JIerpaialluil 3eMellb — OMIMOKa.
Apuauzanys  KIMMaTa  SIBJISETCS.  IPUYMHOM  NPUPOJHOTO  OMYCTHIHUBAHUS — 3€MeEllb.
AHTpOTOTreHHas Jerpajamus 3eMelb apuIHBIX 30H YCYTyOJsieT eCTeCTBEHHBIE IMPOLECCHl Ha
(doHe apuau3auK U IpYU YCTPAaHEHUH JAaHHOTO BO3JCHUCTBUS OIYCTHIHMBAHUE HE MPEKPAIAeTCs
(I'ynun, Ilankosa, 2004; I'yaun, Muxkisiea, 2006).

PHCYHOK 1. A,Z[MI/IHI/ICTpaTI/IBHaSI KapTa PocroBckoii obmactu ¢ BBIZACJICHHBIM PETHUOHOM UCCIICAOBAaHUS

OnHako omnpeaeneHre apuIHOCTH 10 K03 PULMeHTy yBiIa)KHEHHS 0€3 yyeTa 30HAIBHOTO
JIeJICHUsS pACTUTEIBHOCTH M II0YB HE OTpPaKaeT pealbHYI0 TIPAHUIY pPaclIpOCTpaHEHUs
onycTbiHUBaHUA. [l0UBEHHBIE CBOMCTBA ONpENENA0T YCTOHYMBOCTh PACTEHUH K 3acyXxe M X
BBIHOCIMBOCTh Ha (poHe 3aconenus u 3acyxu (Kosna, 1977). Taxke cyuiecTBylOT yclIOBHS,
KOTOpbIE BIJIMSAIOT Ha TOYHOCTh PAa3HBIX METOJOB pacyeTra HUcHapsseMOCTH (30J0TOKPBUIMH,
Uepenkona, 2009). Ucxons u3 pesynbraroB paborel [.C.Kycra u H.®.I'mazosckoro (2002),
TUIMYHBIE CTEIHBIE JTaHAMAPTH U YaCTh JIECOCTEIHBIX BXOJAT B 30HY ONMycThIHMBaHU. OTCIOa
BI)I60p TEPPUTOPUHN UCCICAOBAHHNA ITPOLUCCCOB OIMMYCTHIHUBAHUA OYCBHU/JICH.

MATEPHAJIBI 1 METO/1bI

IlepBHUYHBII aHANIN3 COCTOSHUS PACTUTENILHOCTH MpoBeaeH MeTo oM pacueta NDVI. s
00paboOTKM  KOCMOCHMMKHM  Opanwch € OTKpbIToro  uctounuka  Earth  Explorer
(https://earthexplorer.usgs.gov/). Cuumku co cmyTHuka Landsat 8, mosydeHHbIE C MOMOIIBIO
HabopoB uHcTpymeHtoB Thermal InfraRed Sensor (remmeparypHblii HHGpPaKpacHbBIil ceHCOp) U
Operational Land Imager (omepaTuBHbIii 3eMHO# TeruioBu30p). [1epBhiii HAOOp esiaeT CHUMKH B
JIBYX JMana3oHax [JaJbHEro HMH(QpaKkpacHOro CHEKTpa, a BTOPOW — B JIEBATH JMana3zoHax
BUJUMOrO cBeTa M OmmkHero uH@pakpacHoro crnektpa. [lomydyeHHble cHUMKH B (opmare
GeoTiff oOpabatbiBatoTcss B mporpaMMHOM obOecniedennn Quantum GIS u ESRI ArcGIS.
BriOpaHHble CHUMKHM B CO3JaHHOM IPOEKTE€ HACTPAaWBAIOTCS HAa KpPAcHBIM M MH(paKpacHbBIN
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KaHaJbl. B kpacHO# 001acTH CreKTpa JEKUT MAKCUMYM TMOTJIOMIECHUS U3TYyYSHHS XJIOPOPUIIOM
BBICIIMX PACTEHUH, TOT/Ia KaK B MHPPAKPACHOM — MAaKCUMYM OTpaXCHHs TKaHel JmcTa. Takum
o0pa3oM, HOpPMAJIM30BaHHAS pa3HHUIIA MEKIY JJaHHBIMH TOKa3aTeNsIMH OOBEKTUBHO U
0€301M00YHO OTIEINSAET PACTUTEILHOCTh OT JIPYTHX OOBEKTOB, & TAK)KE C BBICOKOW TOYHOCTHIO
MO3BOJISICT BBISICHUTH COCTOSIHUE PACTUTEIBHOCTH, €€ TUIOTHOCTb.

Pacuer NDVI npousBoaurcs B mporpammuom obecnieuennn QGIS 6e3 Heo6xomumocTu
NPUMEHEHHS PAacyYeTOB BPYUYHYIO. AJNTOPUTM pacyera MpeAcTaBisieT cobdoi ¢opmyrny pacdera
NDVI (1),3anmucanHyro B BUIE OTHOIICHUS PAa3HOCTH M CYMMBI 3Ha4YCHHH WH(PAKPACHOTO H
KPacHOTO KaHaJIOB.

NIR - RRD)

PRl R P —
NIE+ RED 1)

Hcnonb3yemple  YHCIEHHBIE 3HAYEHUS A pacyera  SBISAIOTCA — AMHHUIIAMU
MacimTadupoBaHHO mKaiel oT 0 70 255, KoTOpas OTOOpaXkaeT Trpajaliiil OTTEHKOB CEPOTO
(Pucynok 2). IlomyueHHble eAMHMIIBI MEPEBOIATCS B JIUCKPETHYIO IIKaly, B KoTopoil 1%
[I0Ka3aTellsl paBEeH OJHOW €MHMIIE NHIEKCA.

A0 0 0.1 0.2 0.3 0.4 0.5 06 0.7 08 08 1.0

Pucynok 2. Jluckpernas mkana 3HaueHuit NDVI

Ha pucynke 3mpuBeneHbl KOCMOCHHUMKH, 3aXBAau€HHBIE KaJpoMm: 3aBETUHCKUH,
3uMOBHUKOBCKHH, PemonTHeHckuii, [lyOoBckuii, OpnoBckuii paiioHbl. Bcero Ha maHHBIN
MOMEHT 00paboTaHO 7 KOCMOCHHMKOB JaHHOTO y4yacTka. [laTtel co3manust cHUMKOB: 15.04.2018,

18.06.2018, 21.08.2018, 18.04.2019, 25.04.2019, 04.07.2019, 23.07.20109.
PE3YJIBTATBI U OBCYKJIEHUE

[Tonyuennsie ganusie NDVI no3BossitoT BU3yallbHO ONPENENINUTh AUHAMUKY COCTOSHUS
pacTUTENbHOCTH Ha u3y4yaemou Tteppurtopuu. B ampene 2018 roma nabmronanock Ooiblioe
KOJIMYECTBO PA3JIMBOB TAJIBIX BOJ, 3alOJHIBIIMX TMOHM)KEHHUS penbeda MPEUMYIIECTBEHHO B
3aBeTuHCKOM paiioHe. B 2018-m roxy 3uma Obln Oosiee CHEKHOW M HHU3KHE TEMIIEpaTyphl
Jep’Kaluch 1O ampens, a K CepeAMHE Mecsla Hayaloch IOTEIJICHHE, CONpPOBOXKAABIIEECs
MacCOBBIM TasiHHEM cHera. KapTuHka cocTosHuS pacTUTeNbHOCTH (PucyHOK 3) moka3bIBaeT, yTo
aKTHUBHAs BereTalus HaOMIOAAaeTCs Ha MOJSAX, II€ BBIPALMBAIOTCA O3UMbIE KYJIbTYpbl. O3UMbIE
KyJIbTYpbl W3 ToJa B ToJl COCTaBIsIOT B PocroBckod ob6mactu mopsaka 70% mMOCEBHBIX
TEPPUTOPUHL.

18 wmrons 2018 r. 3amerHO, 4YTO TEHAEHIMS K pPAacIpOCTPAHEHUID AKTHUBHOU
PACTUTENFHOCTH HA TOJSAX coxpansercs, Ho 3HadeHuss NDVI nmagaror ¢ 0,5—0,6 no 0,2—0,3.
OTO CBSI3aHO C BBI3PEBAHUEM O3MMBIX 3JIaKOB. PaCTUTENBHOCTh Ha HEpACHaxaHHbBIX 3EMIIIX C
anpenst ocTa€rcs B TAaKOM JK€ COCTOSIHMM, IIOCKOJbKY B OOJBIIMHCTBE 3TH YYacTKH
pacroyiaralotTcsi B OHWXKEHUSAX penbeda, oBparax U Bosjie BogoeMoB. OfHAKO, B CPAaBHEHUH C
nanabiMu 2019 rona 3aMeTHa pa3HUIla TIOTHOCTH PACTUTEIHLHOTO TTOKPOBA B arpesie U UIOHE —
Hauane utond. Becna 2018 rona Obuta Oosiee XOJOJHOM C HACTYIUICHHMEM HOTEIUIEHUS YK€ B
KOHIIE amlpesisi — Hayajle Masl, 4yTo 3a/1ep>Kajlo MacCOBBIM pPOCT TpaB U JIUCTHEB y KYyCTapHUKOB.
(http://www.pogodaiklimat.ru/history/34759.htm) Jloctynubie caumku Landsat 3a uroip 2018 roma
CHJIBHO 3aKpBITHI 00JIaKaMH, BCJIEACTBUE YETO HE MPEICTaBISAETCS] BO3SMOXKHOCTH U3YUUTh UX.

Kapruna B aBrycte 2018 u xonue uronst 2019 rr. cxoaHasi: o3UMble 37aKd yKe YOpaHsbl,
Ha TIOJSX OCTAJUCh AKTUBHO (POTOCHUHTE3UPYIOIIME KYJIbTYPbl, Ha KOTOpbIE MPUXOJIUTCS
nopsiaka 30% moneit B PocroBckoit oGnactu. OnHako, cienyer oOpaTUTh BHHUMaHHE Ha
3aBeTuHCKH paiioH — B 2018 roxy HaOI0qaI0CH OO0JIBIIIOE KOJTUYECTBO TAJIBIX BOJ C KPYITHBIMU
3epkanamMu Boabl Iutomaneto 10 200 ra. Ilo3nHee, B MIOHE M aBrycTe BereTalus Ha AITHUX
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TeppUTOpUsAX Habiromaercst Oosee akTWBHAs, 4eM TaM ke B aBrycre 2019 roma. BeposiTHo,
JlaHHAas TSHJICHIUS OOBSCHACTCS YBEINYCHHBIM ITOYBCHHBIM 3aI1aCOM BIIArH.

Kocmocuumoxk 15 .04.01 8 KOCMOCHI/IMO 18.04.2019

Kocmocunmoxk 18.06.2018 Kocmocaumoxk 04.07.2019

Kocmocunmox21.08.2018

Pucynok 3. JluHaMuKa COCTOSIHUSI pACTUTEIHLHOTO MOKPOBA Ha HcciieayeMoit tepputopun FOro-BocTtoka
PocroBckoii obnactu 3a nepuon anpenb-aBryct 2018 u anpens-utons 2019 rr.

3AKVIIOYEHUE

EcrecTBeHHBIE TPOIIECCH, BIMAIONIME HAa aKTUBHOCTh BETrETAllMM M IIOTHOCTh
PacTUTENIHOTO TOKPOBA, MPECTAaBICHbI MHOKECTBOM (PAaKTOPOB CPEbl: KOJMUYECTBO OCAJIKOB,
3arac BJIard B MOYBE, TEMIIEpaTypa BO3IyXa U MOYBHI. JIMCTaHIIMOHHBIE METOJIBI HCCIIEIOBAHNUS
MOBEPXHOCTH JIAHAIIA(TOB TMO3BOJSIOT HMMETh JaHHBIE O COCTOSHHUM PACTUTEIBHOCTH U
MPOTEKaHWH TIIYOWHHBIX TPOIIECCOB, BIHSIOMINX HAa PAacCTHTENbHBIE cooOmecTBa. [Imanupyercs
npoBecTU u3MepeHue anboeno moBepxHoctd U TGSI (MHAEKC pa3Mepa YacTUIl BEPXHETO CIOS
MOYBBI) HCCIENYEMbIX JIAHAMA(PTOB, KOTOpPBIE TIO3BOJAT CJAETaTh BBIBOABI O CTENCHH
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JIerpaJupOBaHHOCTH [10YB B PE3YJIbTATE MPOLECCOB ONYCThIHMBAHUA. BIIM3KUI 110 BpEMEHHOMY
IPOMEKYTKY aHaJIU3 HE IO03BOJISIET JaTh OOBEKTHBHBIC JaHHbIE 00 M3MEHEHMAX JIaHAIA(Ta,
IIPOUCXOAAIIMX AOCTATOYHO MEMICHHO. [lomydeHHbIe pe3yabTaThl OTPAKAT KOPOTKUM NIEPUOLT
€CTECTBECHHON AMHAMUKH COCTOSHUS PACTUTEIBHOCTH.
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CLASSIFICATION OF BLACK SOILS, CHERNOZEMS AND
CHERNOZEM-LIKE SOILS
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Leninskie gory, 1, building 12, Moscow, Russia, 119991
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Abstract. For ages Chernozems were recognized as the most fertile soils in Eurasia; the scientific study
of soils started from Chernozems. However, the concept of the genesis of Chernozems evolved since the
19th century. This evolution was somewhat circular because many researchers returned back to the
theories that stressed the importance of excessive moisture in the past and specific paleoclimates in the
formation of Chernozems rather than the contribution of current vegetative cover. The study of
Chernozems and Chernozem-like soils throughout the world resulted in the amplification of the concept
of the genesis of these soils. In places, we observe the convergence of soils of different genesis that leads
to the formation of similar deep black soil horizons. Soil classifications reflect the diversity of
Chernozem-like soils; some classifications are inclusive, and the others intend to divide black soils into
several distinct groups. Taxonomic distance analysis shows that most Chernozems and Chernozem-like
soils form a compact group, though dark-coloured Rendzinas and Vertisol-like soils show high
dissimilarity with Chernozems.

Keywords: Dokuchaev, history of soil science, taxonomic distances, food security

INTRODUCTION

The study of Chernozems started as early as in the 5" century DC when Herodotus
mentioned exceptionally dark and deep soils in Scythia (Krupenikov et al., 2011). People
working on these soils valued them for their natural fertility and used for denominating them
their black colour as the most obvious feature. Black or dark soils, if present, are recognized and
named after their colour in almost all the world cultures. The name “Chernozem” was widely
used in Russia in the statistical books on land tenure and later appeared at the first general soil
maps of European Russia. The distribution and origin of Chernozems were also studied in the
19" century by German agrogeologists in Eastern Europe and Russian Empire. A review of their
views was given by Vasiliy Dokuchaev in 1883 in his seminal book ‘“Russian Chernozem”
(Dokuchaev, 1967). Before this publication black soils of South-Eastern Europe were regarded
either as marine sediments (e.g. the theories of R. Murchinson and A. Petzgold) or dried peat
lands (e.g. E.l. Eichwald, F.F. Wangenheim and some others). Dokuchaev argued that
Chernozems were terrestrial soils formed under graminaceous vegetation; this book is considered
to be the first publication that outlined the principles of contemporary soil science (Krupenikov,
1993). It should be recognized that folk understanding of the origin of Chernozems was correct
from the very beginning: the farmers believed that Chernozems form due to the continuous
accumulation of decayed plant roots. Also several researchers before Dokuchaev (e.g. M.V.
Lomonosov and F.l. Ruprecht) believed that Chernozems are contemporary soils formed under
graminaceous vegetation (see Krupenikov 1993). Dokuchaev made the most important step in
the understanding of the genesis and geographical regularities in the distribution of Chernozems.

The total area of “black soils” with a dark-coloured surficial horizon is 8.23 x10° km? in
the world, which is 6.49% of the Earth's land surface, home to 6.6% of the world's population
(Blum 2013). The area occupied by Chernozems in their current understanding along with the
WRB concept is about 230 million hectares (2.3 x10° km?). With a wide strip they pass through
all of Eurasia from the Hungarian Pasht to the uplands of Mongolia and the great plains of
Northern China. In the Eastern Hemispere they are formed mainly in the prairies of North
America, while in the pampas of Argentine and Uruguay the soils resemble Chernozems, but
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lack contemporary secondary carbonates in the profile (thin hard tosca layer is believed to be a
relict feature).

The difference in the approaches to the classification of Chernozems resulted in the need
for an inclusive concept that led to the establishment of the International Network of Black Soils
(INBS) in the frames of Global Soil Partnership (GSP). The Harbin Communiqué adopted at the
launch meeting of INBS in September 2018 define black soils as having the following core
characteristics: 1) High organic carbon content as per the following: >1.2% for cold and
temperate and >0.6% for tropical and subtropical regions, 2) dark to black coloured surface
horizons, 3) thickness of dark to black surface horizons not less than 25 cm, 3) these horizons
should have a high base saturation >50%, strong aggregate stability and high level of nutrient
content (FAO, 2018). Even superficial comparison with common soil classifications shows that
this definition is broad and not very accurate that seems natural because of the intention to cover
all the dark-coloured fertile soils in the world. However, it is evident that the concept should not
extend to the soils having dark colour but lacking high fertility typical for Chernozems and
Chernozem-like soils: well-decomposed peat soils, dark coloured volcanic soils, black Vertisols
and soils derived from lignite shale’s and other dark parent materials. In this study we tried to
limit the concept of black soils to those soils that have common features and form more or less
compact conceptual group using the methods of taxonomic distance assessment.

MATERIALS AND METHODS

We compared the properties of Chernozems and Chernozem-like soils obtained from
three national and international soil databases. The United States Department of Agriculture,
National Resources Conservation Service’s National Cooperative Soil Survey Soil
Characterization Data and the National Soil Information System served as a basis for grouping
the Mollisols (Soil Survey Staff, 1999). The database was evaluated for the database quality to
provide continuous pedon data with taxonomy-related information. The final dataset contained
6307 pedons for 32 Mollisol Great Groups (GGr). The ISRIC-WISE v3.1 dataset was used to
serve the centroids of Reference Soil Groups (RSGs) of the WRB (IUSS Working Group WRB,
2015). The WISE dataset is a compilation of soil profiles data, collected from 149 countries
worldwide (Batjes, 2008, 2009). There were eight related RSGs selected for this study. This
resulted in a total of more than 1770 profiles included in the calculation from the WISE 3.1
database. The third dataset was obtained from available data from Russia because Russian
Federation possesses the most extensive area of black soils, where only the area of Chernozems
sensustricto equals to 122 million hectares (Krasilnikov et al., 2018). The major part of the
Russian dataset was obtained from the Soil-geographic database of Russia, the project of
Dokuchaev Society of Soil Scientists (www.db.soil.msu.ru). Totally we used the data for 668
soil profiles of eight selected soil types (SoTs).

For allocating profiles in the space of properties we used integral characteristics of the
profile such as the depth of the upper limit of a hardened layer or of the maximum of
concentration of carbonates, or the maximum or minimum values in the entire profile, or integral
values for the layers 0-25 and 0-100 etc. (Table 1). This approach allows describing a soil profile
with a single point in the coordinates of the two principal components. There were 31 dominant
identifiers used for this study, taking the available data and the representation of every selected
group into consideration. Some of the properties might seem repetitive, but in fact, reflected the
properties that had different pedogenetic interpretation and importance for soil use. For example,
Max-Clay (0-150) was a value reflecting maximum clay content in the profile within the 150 cm,
avg-Clay (0-20) — the average clay content in the surficial horizon, and avg-Clay (0-100) — the
average clay content within the upper 100 cm of the soil. The calculations were done from the
first mineral horizon, counting as a top, respectively to the depth of appearance of each attribute.
The parent material (C horizon) was also included in the calculations, as no a priori conclusions
about the evidence of pedogenesis were made.
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Table 1. List of major identifiers

Max-CaCO;_Top Upper limit of the horizon with maximum CaCOsconcentration

Min-pH_H,0O Minimum pH (H,O) in the layer 0-100 cm

Max-pH_H,0 Maximum pH (H,0) in the layer 0-100 cm

Max-Gypsum Maximum gypsum in the layer 0-100 cm

Max-CaCOs; Maximum CaCOsconcentrationin the layer 0-100 cm

Max-OC Maximum organic carbon concentration in the layer 0-100 cm

Bottom_of Max-OC Lower limit of the horizon with maximum organic carbon concentration

Max-Clay(0-150) Maximum clay content in the layer 0-150 cm

cec@Max-Clay Cation exchange capacity in the horizon with the maximum clay content in
the layer 0-150 cm

Double Clay Depth Upper limit of the horizon with a double increase in clay content compared to
overlaying horizon

Max-exch Na Maximum exchangeable Na content in the layer 0-100 cm

Max-SAR Maximum sodium absorption ratio in the layer 0-100 cm

NewTop-SecCarb Upper limit of the horizon with secondary CaCO;

NewTop-Redox Upper limit of the horizon with redox features

NewTop-Duripan Upper limit of the horizon with duripan feature

NewTop-Lithic Upper limit of the horizon with lithic contact

NewTop-Contrlayer Upper limit of the cemented or compact layer

Avg-R (0-20) Weight average of R-part of RGB colour system in the layer 0-20 cm

Avg-G (0-20) Weight average of G-part of RGB colour system in the layer 0-20 cm

Avg-B (0-20) Weight average of B-part of RGB colour system in the layer 0-20 cm

Avg-0OC (0-25) Weight average of organic carbon in the layer 0-25 cm

Avg-0C (0-50) Weight average of organic carbon in the layer 0-50 cm

Avg-0OC (0-100) Weight average of organic carbon in the layer 0-100 cm

Avg-CEC (0-100) Weight average of cation exchange capacity in the layer 0-100 cm

Avg-BS (0-25) Weight average of base saturation in the layer 0-25 cm

Avg-BS(25-50) Weight average of base saturation in the layer 25-50 cm

Avg-BS (0-100) Weight average of base saturation in the layer 0-100 cm

Avg-Clay (0-20) Weight average of clay(<0.002) content in the layer 0-20 cm

Avg-Clay (0-100) Weight average of clay(<0.002) content in the layer 0-100 cm

Avg-Sand (0-100) Weight average of sand(>0.05) content in the layer 0-100 cm

Avg-EC (0-50) Weight average of electric conductivity in the layer 0-50 cm

The calculated mean feature values were weighted on the thickness of the horizon for
each soil units. When the identifier was referred to a depth of occurrence of a certain property,
and the defined criteria were not fulfilled, the maximum value of 200 cm was assigned. The
depth of 200 cm was chosen based on the maximum depth criteria occurring in the WRB key
(Lang et al., 2013). The final features were derived as simple arithmetic means and the distance
matrix was calculated to study the correlation between the Russian classification and the WRB,
and Russian Classification and Soil Taxonomy.

RESULTS AND DISCUSSION

The analysis of the consistency of the Mollisol Order in Soil Taxonomy showed that most
of the GGs are similar to each other and thus Mollisols constitute a natural group of soils (Figure
1). However, there are two important exceptions: Haplrendolls and Durustolls. These two GGs
are quite different from the others, most probably due to the presence of solid rock or cemented
layer in the profile. It might seem mysterious that Durustolls differ also from Duraquolls and
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Durixerolls, but the possible explanation is that generally Durustolls have cemented horizons
closer to the surface. We believe that for shaping the big centroids of the new Universal Soil
Classification System the soils with shallow profile should be separated, as it has been done in
most world soil classifications, including WRB.

The taxonomic distance between the majority GGs is relatively small comparing to that
between RSGs and WRB RGs (Figure 1, Table 2). It indicates that the Soil Taxonomy GGs have
lower absolute taxonomic level than the RSGs and especially World Reference Base RSGs. The
analysis shows that in some cases the GGs differing only in moisture regimes had low taxonomic
distances, like in the case of Peleudolls, Paleustolls and Palexerolls. In other cases soils with
ustic and xeric moisture regimes were similar, while soils with the udic regime were different,
e.g. in the case of Calciustolls and Calcixerolls versus. Calciudolls. For some GGs the moisture
regime resulted in big distances between all the GGs. Aquic moisture regime and cryic
temperature regime almost in all the cases resulted in different properties. In summary, there is
no general rule, and pedogenetic analysis is needed in each particular case. The practical
outcome of the analysis is the conclusion that the GGs with the same great group prefix (“Natr-*,
“Pale-", “Calci-* etc.) but different moisture and temperature regimes cannot be automatically
joined in one centroid.

Eigenvalues d=20
Durustoll
W]
- WKS]

[w_et]

w_PH|
[T_ahim] , Calciudol
L [Haprendo

Figure 1. Principal coordinate analyze for RSC Types, WRB RSGs and ST GGs; white boxes — ST GGs,
green boxes — RSC Types, blue boxes — WRB RSGs

Table 2. Explanations for the abbreviations for Figure 1

WRB RSGs Abbreviations RSC Types Abbreviations
Chernozems W_CH Chernozems T CH
Kastanozems W_KS Clay-illuvial chernozems T_ciCH
Phaeozems W_PH Textural-carbonate chernozems T tcCH
Calcisols W_CL Dark-humus compact (vertic) soils T_dhv
Gypsisols W_GY Dark-grey soils T_dGR
Solonetz W_SN Grey soils T GR
Vertisols W_VR Hydro-metamorphic dark-humus soils T _dhHM
Luvisols W_LV Kashtanozems T _KS
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In general, the taxonomic distances between the Russian types are bigger than between
the Soil Taxonomy GGs (Figure 1). Bigger distance between the groups indicates the difference
between soil classes on a higher hierarchical level. Most probably, the level of the Russian soil
types is somewhat higher than that of the Soil Taxonomy GGs. It is confirmed by the comparison
of the number of taxa at the above-mentioned levels in two classifications: there are 344 GGs in
Soil Taxonomy, and 227 types in Russia. It should be also noted that almost half of the soil types
in Russian classification are “agrotypes” that cultivated analogues of natural soils.

The distance between the majority of RSGs and the main cloud of the GGs is also large.
The best correlation to Soil Taxonomy GGs was shown by Russian steppe and dry-steppe soil
types: clay-illuvial chernozems, chernozems, textural-carbonate chernozems and kashtanozems.
This result can be explained by the fact that the USA (excluding Alaska) is a more southern
country than Russia, so their classification system likely better describes the soils and soil
properties found in their landscapes. The close correlation of textural-carbonate chernozems to
Argiustolls may be a result of erroneous pedogenetic interpretation of the textural-carbonate
chernozems in the Russian soil classification (Shishov et al., 2004): the cutans on the peds’
surfaces in the B horizon are referred in the text as clay coatings, while most probably they are
stress-cutans.

Large distance between the northern Russian soils (grey soils, dark-grey soils and hydro-
metamorphic dark-humus soils) and the main cloud of soils with mollic horizon reflects the fact
that such objects are not covered by the US databases, though most probably these soils with
dark topsoil would formally fall into the definition of a Mollisol. We believe that most
contradictions between the two systems may be harmonized by extending the databases.
Including data from the Canadian databases could change radically the correlation matrix.

The difference between a compact (vertic) soil and soils with a mollic horizon is due to a
striking difference in their properties. It is recommended to keep Vertisols and even soils with
vertic properties in another cluster.

In general, the WRB RSGs have smaller taxonomic distances to the Russian types and
the relation between the two systems is easier to interpret in pedogenetic terms. To some extent
the similarity of the results may be explained by the geographical proximity of the datasets
because WISE database includes numerous soil profiles from Europe.

CONCLUSIONS

We successfully applied a centroid-based approach for taxonomic distance calculation
among the black soils extracted from the databases in the Russian Classification System to two
international classification systems Soil Taxonomy and World Reference Base. This method may
be a helpful tool for understanding the genetic relations between soils and for detecting natural
groups of soil taxa.

Most Chernozems and Chernozem-like soils had small taxonomic distances thus forming
a distinct cluster. However, shallow soils (rendzinas) and soils with a hardpan stayed far from the
main cluster. Also, most soils with clay illuviation features differed from the central concept of
Chernozems. In the Russian classification, chernozem-like compact soils with the properties
close to Vertisols strongly differed from the rest of the black soils cluster.

There is a distinct geographical bias in the taxonomic distances between the soils
extracted from different databases. Russian database is in better agreement with the WISE
database, which includes many profiles from Europe. The US database reflects the specific
features of the environments and soils of the North American continent.
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HPUMEHEHUE CUIAEPAJIBHBIX ITAPOB B TEXHOJIOI'MHN
BBIPAINUBAHUSA O3UMOMU ITIIEHUIIBI B YCJIOBUAX IO)KHOHU
CTEIIM YKPAUHBI

KPUBEHKO Aunna, IOUYKOJIMHA Cgsetaana, BESEJIE Haranus
Opnecckas rocy1apCTBEHHAsI CENIbCKOXO3SIMCTBEHHAs! ONBITHAS] CTAHITUS
HanmonansHO# akageMuu arpapHbIX HayK YKpauHsbl, 67667, Onecckas 00:1., benseBckuii
paiion, cmT Xiebomapcekoe, yi. Masikckasaop., 1. 24, svetlanalozovsk@gmail.com

Annotation. The article presents the research results on the study of different methods of cultivating the
soil to the height of plants, the yield of green mass in green manure, and also the yield of winter wheat
grains. Data were obtained on the agrochemical composition of green mass of green manure crops, in %
on absolutely dry matter, as well as data on the accumulation of nutrients in the organic mass of green
manure crops. Highlighted the relevance of the use of green manure crops in organic farming.

Key words: green manure, crop, tillage, green mass composition.
BBEJEHUE

B nocnegnue rompl  OYeHb OBICTPHIMM TEMIAMH  Pa3BUBACTCS  MPOU3BOJICTBO
OpraHMYECKON MPOJIYKIUHU, a 3TO MpeAycMaTpUBaeT BeJCHHE OpraHHMYecKkoro zemiuenenus. Ha
COBPEMEHHOM JTarie B YKpanHe HaOJto/1aeTcsa MO3UTHBHAS IMHAMUKA B YBEJIUYCHUH IUIOMIAACH
CEJIbCKOXO3SUCTBEHHBIX YTOJMil, KOTOpPBIE 3aHATHI IOl OpraHMYecKuM 3emieaenuem. Hampumep,
3a nepuoj ¢ 2006 mo 2016 roae! miuomaau yBenuuuwiuch B 1,7 pasza, To ectb B 2016 rony onu
coctaBysutu 242,0 Thic. Ta, a B 2016 rogy — 421,5 teic. ra (Illkypatos, 2015; Mapteiatok, 2017).
3HaUUTENIbHOE BHUMAHHE B CHCTEME OPTraHUYECKOTO 3eMJICACNHS YICISIOT CUICPATbHBIM
KYJIbTypaM. AHaIHU3 JIUTEPATypbl CBUACTEILCTBYET, YTO AJI CHUACPALMU UCTOIL3YIOT Oonee 60
pa3Hbix KynbTyp (ABpamenko, 2003; Xupmynckas, 2006; Jluxousop, 2008; losban, 2009;
ITocnenos, 2011).

Cunepatsl — pacTeHHUsI, KOTOPBIE BBIPALIMBAIOT MIEPE TOCEBOM OCHOBHOW KYJIbTYPBI, IS
oOorareHusl MOYBbl TMOJE3HBIMH dieMeHTaMUu. OHHMOOHOBISIOT 3amachl TyMyca, YIy4IIaloT
CTPYKTYpPy TIOUBBI, TMIOBBIIIAIOT TUIOJOPOAME BEPXHEr0 MaXOTHOTOCIOA. OTH pacTEHUS
HEMPUXOTIUBBI, U XOJIOAOCTOMKH, MO3TOMY HX MOKHO BBICEBAaTh JaX€ paHHEW BECHOW U
OCeHbI0. B HEKOTOpPBIX 00J1acTAX cUlIepaThl CEIOT B Havaje OKTSIOps, U 10 HACTYIUIEHHS XO0JIO/I0B
OHHM YCTEBAIOT HApaCTUTh HEOOXOAUMYI0 3eieHyr Maccy. Croco0OB HCHOIb30BaHUS ATOTO
«BEJICHOTO yIOOpEeHHsS» IOCTaTOYHO MHOTO. JIaHHBIN THUN PACTEHMM CHUXKAET KHUCIOTHOCTH
MOYBBI, TOMOTAaeT HaKaIUIMBaTh B BEPXHUX TOPU30HTAX IOJIE3HBIE MAKpPOAJIEMEHTHI, YCKOPSET
MuKpoOuosiornyeckue nporeccsl (OneitHuk, 2016).

[Tox cunepanueli cneayer MOHUMATh 3a/1€JIKY HE TOJIBKO Ha/I3€MHOM 4acTH, a U KOPHEBOM
CHCTEMBI, TO €CThb BCEH pacCTUTENIbHON Macchl. KOpHEBBIE OCTAaTKM M 3amaxaHHas B MOYBY
HaJ3€MHas Macca pAcTEHUW SBIAETCS HCTOYHMKOM DSHEPrUM MJis TOYBBI M KOPMOM JJisi
MOYBEHHBIX OPTaHU3MOB. B pe3ynbrare CTUMYIUPYETCS KU3HEACSITEIIBHOCT MUKPOOPTaHU3MOB
U CcTabuIM3upyercss TMOYBEHHas CTpyKTypa. BboOoBble cuaepanbHble KyIbTYpPhI COJEpKaT
3HAUUTENBHOE KOJIMYECTBO a30Ta, KOTOPBIH MOXET MCIONb30BaThCsl IMOCIEIYIOIUMU
KyJIbTypaMU. BOJNBIIMHCTBO CHUJEPAIbHBIX KYJbTYP MOBBIIIAIOT YCBOSIEMOCTh MHHEPATbHBIX
BEIIIECTB, KOTOPHIE COJEPKATCSI B TIOYBE, C IIOMOINBIO CBOMX KOPHEBBIX BBIJCICHUM.
CunepanbHble KyJbTYphl IMOKPHIBAIOT MOYBY M TEM CaMbIM MOJABISIIOT POCT COPHSKOB H
3alUIIAIOT €r0 OT BPEAHBIX MeTeoposiornueckux sBiustauii (I'op0, 2017).
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MATEPHUAJIBI 1 METO/bI

DKcnepuMeHTaIbHas 4acTh OblJa BBHITIOJHEHA B 4-X CEBOOOOpOTax, T.e. 1-ii ceBOOOOPOT
HAYMHAETCs C YEPHOro mapa, 2-i — ¢ CUAepalbHOrO Mapa, 3-i — CO CMECH ropoxa M TOPUHIIBI
Oenoii Ha cuzaepar W 4-i - ¢ ropoxa Ha 3epHO. CeBOOOOPOTHI HAKJIAIBIBAIHCH Ha YETHIPE
CHCTEMBl OCHOBHOW 00paOOTKM 1MOuBHI (OTBajbHAsA, AuQQepeHnrpoBanHas, 0e30TBaJIbHASL U
menkasi). [{yist mpoBeieHUs TOJIEBBIX M J1a00pATOPHBIX UCCIICAOBAHHI Ha I0)KHBIX MAJIOTyMYCHBIX
YepHO3emMax ObLTH oA00paHsbl pasHbie o OMOJIOTHYECKIM 0COOCHHOCTSIM
CEIIbCKOXO3SHCTBEHHBIC KYJIBTYpBI Ha 3eJIeHbIe yIoOpeHus. B kadecTBe cumepaabHBIX KYJIBTYp
OPUMEHSUIM BHKY O3MMYIO, TOPOX B CMECH C TopuHIed Oesoi, ropuuily Oemnyl0 B CMECH C
TOPOXOM.

[Tpu 3aknaske U MPOBEACHUU TOJEBBIX MCCIEIOBAHHM, UCTIONB30BATIH O0IIEe HAYYHBIE U
cnenu(rUYecKre METOJbI: TOJEBbIE — JUISl BBISIBJICHUS BIUSHHS 3€JICHOTO yHOOpEHUs Ha
arpoXMMHMYECKHE TOKa3aTeld YepHO3eMa I0KHOTO MAJIOTYMYCHOTO M €ro IOcJeIeHCTBHE Ha
ypOJKail MIIEHUIbl 03UMOH; Ta00paTOPHO-aHATUTUICCKHUE — ISl ONPEACIICHHS arpOXUMHUYECKUX
nokasaresei OYBHI, a TaKKe HaOII0IeHUE 32 PACTCHUSIMUA M YCIOBHSIMU OKPY’KArOIIEH CpeJibl;
MaTeMaTHYECKOW CTATUCTUKUA — Ui JMCIIEPCHOHHOTO aHaju3a pPe3yJbTaTOB HCCIIEIOBAHUIA.
JlaGopaTopHbIe aHAJM3bl PACTUTEILHOTO MaTepHajia MPOBEACHBI ¢ IOMOIIBIO aTTECTOBAHHBIX U
CTaHJAPTU30BAHHBIX METOJIOB C TIOCIICIYIONICH CTATHCTUYECKOH 00pabOTKOMN JTaHHBIX.

PE3YJIBTATBI U OBCYXJIEHHUE

DKcriepuMeHTalIbHbIE JlaHHble cBUAETeNbCTBYIOT (Tabmuua 1), uyto HaumbOombiiee
KOJIMUECTBO HA/I36MHOW MacChl HAaKaIUIMBaeT BUKa o3uMas. B 3acynuimBeix ycnoBusx 2018 roga
3Ta KylbTypa cpOopMHpOBaja YpOKaMHOCTb 3€JICHOM MacChl B 3aBUCHMOCTH OT OCHOBHOM
00pabotku moussl ot 13,3 no 15,2 1/ra, a B cpeanem 14,5 1/ra. 910 B 2,0-2,5 pa3a MeHbIIIe, YeM
B MPOILIBIC TObI. ['OpOX B UMCTOM BHUJE 3a ATOT K€ IMEPHO]] HAKOIWII JIUIIb 7,6 T/Ta, T.€. IOYTH
B 1,9 pa3za meHnblie, ueM Buka o3umas. CMmech ropoxa ¢ ropuuiieil 6eioi oOpazoBaia HaA3EMHYIO
Maccy B 1,6 pasza Gosbliie, 4eM TOpOX B YHUCTOM BHUJE, OJJHAKO MEHbIIE B 1,2 paza Mo cCpaBHEHUIO
C BUKOM O3UMOM.

Tabmumal. YpoxaitHOCTh3eIeHONMACCH KYIbTYp B CHAEPANBHBIX NIapaX B 3aBUCHUMOCTH OT CUCTEM
OCHOBHOMOOPAOOTKUIIOUBKI,T/Ta, 1O COCTOsIHMIO Ha 28 mas 2018 T.

Kynbrypa e
O6paboTka BriKa ropox B ropox B ropuMmaB | oo Cpen-

IIOYBEI YHUCTOM CMECH C CMECH C PHHL Hee

o3uMast . (cmecp)

BUJIE TOPYHIIEH TOPOXOM

OTtBanpHas 13,3 8,1 3,3 9,5 12,8 8,6
JuddepennmpoBantas 14,6 6,5 1,7 9,3 10,9 8,0
BesorBanpHas 15,1 8,5 2,7 9,5 12,3 9,0
Menkas 15,2 7,3 2,5 8,5 11,0 8,4
Cpennee 14,5 7,6 2,6 9,2 11,8 8,5

VY BapuaHTa ropoxa B CMeCH ¢ Tropuuied Obuta 3aduKcHpoBaHa HaMMEHbIAs
YpO>KaHOCTb 3€JIEHOM MaccH — 2,6 T/Ta 10 CPaBHEHHUIO C APYTUMHU KYJIbTYPaMH.

On cdopmupoBan maccy B 2,9 paza MeHbIIE, YeEM B YHUCTOM BHUJE OJHOKOMITOHEHTHBIN
MOCEB. JTO CBHJIETENBCTBYET O TOM, YTO3Ta KYyJbTypa YIHETAeTCs TOpUMIIEH, ypoXKailHOCTh
KOTOpPO¥ OblIa BBIIIE TOpOXa B UUCTOM BHJIE B 1,2 pa3a, a ropoxa B cMecH — B 3,5 pasa.

OTHOCUTENTHPHO OCHOBHON O0OpaOOTKM TOYBBI, KaK BHJAMM W3 TaOJUIbI, TECHJICHIIUIO
HauOosiee Jy4lllero BIMAHUS Ha (opMupoBaHHE YyposkaiiHOCTH 3eseHod Macchl (9,0 T1/ra)
MIPOCMATPUBACTCS TPU O€30TBATBLHON 00paOOTKE TMOYBHI, a TCHJICHIIMIO HAWXY/IIETO BIUSHUS
okasbIBaeT nuddepeHupoBanHas o0paboTka noussl — 8,0 1/ra.

138



YPoKalHOCTh 3€JI€HOM MacChl BUKU O3MMOM, KOTOpas pa3sMEIlaach M0 CUIACPAIBHOMY
napy, copmupoBaia maccy B 1,6-5,6 paza 6oJbliie 0 CpaBHEHHUIO C APYTHUMH KYJIbTypaMu. IDTO
00YCJIOBJICHO TE€M, YTO BBICOTA PACTEHUN BUKU O3UMOM BBIIIE IPYTUX MPEIIECTBEHHUKOB B 1,1-
4,1 paza.

[Tokazarenu BBICOTHI KyJIbTYpP, KOTOPbIE U3y4YallH, IOATBEPKIAOT, YTO TOPUYULIA B CMECH
yraeraet ropox (Tabmuma 2). ['opunia mpopacraer ObICTpee ropoxa, pa3BHBAETCsl OBICTpEE H
uMeeT OOJIBIIYIO BBICOTY, YEM I'OPOX, IIOITOMY HE TOJIBKO 3aTEHSIET, @ U YTHETAeT €ro pocT.
BricoTa ropoxa B cmecu ¢ ropuuiieii Obuta meHsbine Ha 10,9 ¢cM 1o CpaBHEHIO C TOPOXOM B
qucTOM BUjE. ['opuniia B cMecu ¢ TopoxoMm chopMupoBasia OOJIBIIYIO BBICOTY MO CPaBHEHHIO C
TOpPOXOM B CMECH C ropuuiieil Ha 75,7 CM U MO CPaBHEHUIO C TOPOXOM B YUCTOM BUJie — Ha 54,8
CM.

Tabmuia 2. Beicota KynbTyp (CM) B CHIEPaTbHUX NapaxX B 3aBUCUMOCTH OT CUCTEM 00pabOTKH TOYBHI,
o cocTostHuio Ha 28 mas 2018 r.

Kymnprypa Cpennee
O6pabotka TOpOX B TOpOX B TrOpYHIa
BUKa
MOYBBI YHCTOM CMECH C B CMECH C cM %
. o31Mast
BUJIC TOpYHIIeH TOPOXOM
OtBasibHas 38,0 26,5 90,3 104,3 64,8 | 100
JuddepuniupoBanHas 35,8 26,5 90,0 102,1 63,6 | 98,1
be3oTBanbHas 38,7 26,4 91,8 105,6 65,6 | 101,2
Menkas 34,3 23,7 93,7 104,8 64,1 | 98,9
Cpennee 36,7 25,8 91,5 104,5 89,5 -

B uenom, nambompimas BbICOTa pacTeHHWi ObUTa choOpMHpOBaHA TpU OE30TBAIBLHOU
o0paboTke NOYBBI, KOTOpass cocraBuia 65,6 cm, T.e. Ha 1,2% Oonplie NO CpaBHEHHIO C
OTBAJILHOHM 00paOOTKOMW MTOYBHI.

AHanu3 XMMHUYECKOTO COCTaBa 3€JIEHOM Macchl KyJIbTyp cBUaeTenbCTBYIOT (Tabmuua 3),
YTO CaMO€ BBICOKOE COJIepKaHue a30Ta HaOo1aeTcst y BUKM o3uMoit (1,8% Ha cyxoeseiecTso).
Buka o3uMasi HakamIMBaeT HE TOJIBKO HAWOOJbIIE EKOJIMYECTBO a30Ta, aTakKe U APYIHX
MUTATENbHBIX BEIIECTB, TAKUX Kak npoteuH (15,6 %). B 3nHauntensHoM konuuectse (0,46 %) B

HEU CONEPKUTCSA U KalUH.

Tabnuna 3. ArpoXuMHUYeCcKH cOCTaB 3eJI€EHOWMAcChl B CHAEPAJIbHUX Mapax

Coneprxanue % Ha cyXxoe BEIIeCTBO
Lipsig e Biaru, % a3oT P,0s K;O | mporeun
Buxka o3umas 70,3 1,80 0,27 0,46 15,06
I'opox B 4mcTOM BHIE 14,7 1,08 0,22 0,31 9,46
I'opox B cMmecu ¢ ropuuiieid 6eioit 71,7 1,10 0,17 0,25 10,46
I'opuniia Oenasi B cMECH ¢ TOPOXOM 69,1 1,36 0,64 0,78 13,53

lopunnia Oenast HakamiIMBaeT OTHOCHTENbHO Oojbine docdopa u kamus. Ha cyxoe
BerecTBo 3To cocrasisaeT 0,64 u 0,78%.

VY ropuunsl Oenoli azora Oonbine, yem y ropoxa. OHa Takke HUMeEEeT HaMIydllne
nokazareu mo dochopy (0,64%) u xanmuto (0,78%). ['opox B cMecH ¢ TOpuHIlel 0o nMeeT
TEHCHIINIO K YBEIMUEHUIO coaepxkanusia 30ta (1,10% Bmecto 1,08), ueM ropox B UMCTOM BHJIE.
OT0 oueHb HMHTEpecHbI (akT. PacTeHusr opoxa B cMecH C ropuuleil 0enoil yrHeraroTcs u
dopmupyroT B 2,5 pa3a MEHbIIUH Bec OWOMACCHl, OJHAKO TMPOIEHT COJEpKaHUs a30Ta
YBEJTUYMBACTCS TI0 CPAaBHEHHUIO C TOPOXOM B UMCTOM BHUJE. Takoe sBICeHHE O0YCIOBIMBACTCS
TE€M, YTO TOpYMIIA YBEIUYHMBAET COAEpk aHHE JOCTYMHBIX GopMm (ochopa B mouBe, KOTOPHIC
YAaCTUYHO HWCTOIB3YIOTCSI TOPOXOM, a 9TO, B CBOIO OYEpelb, CIOCOOOCTBYET YBEIUYEHUIO
CoJIepKaHus a30Ta B OMoMacce 3TOM KyIbTYpBHI.
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B menoMm cmech ropumisl ¢ TOpOXoM JaeT Hambosiee BBICOKHI BBIXOJ| MHUTATEIBHBIX
BEIIECTB, B YACTHOCTH TAKUX MAaKpO3JIEMEHTOB, KaK a30T, Gocop U KaIni.

['opox B cMmecu ¢ ropuuiieid ©UMEET JOCTATOYHO BBHICOKHE MOKA3aTeNd MO COJIEPKAHUIO
azota (1,1%) u no conepxxanuto nporenna (10,46%) u npesbIlIaeT MO 3TUM MOKa3aTeNsIM ropox
B YHCTOM BHJIE.

[IpolieHTHOE COOTHOLIEHHE MHUTATEIbHBIX BEHIECTB IO3BOJISIOT  PACCUUTATh B
KOJIMYECTBEHHOM BBIPAKEHUM HAKOIUICHHE JEUCTBYIOIIETO BeliecTBa Ha 1 ra maxoTsl. JlaHHbIE
TaOMMIBl CBUACTENbCTBYIOT (Tabmmima 4), 9To BUKAa 03MMas HaKaluIuBaeT B cpeaHeM 79,2 kr/ra
aszora, ropox — 20,5, cmech ropoxa ¢ ropuuiieit — 7,7, T.e. B COOTBETCTBYIOIIEH mponopiuu 1 :
0,28 : 0,33. B 3eneHoil macce BHKHM O3MMOH OBLIO 3a()MKCHPOBAHO JIOCTATOYHO BBICOKOE
COZEp)KaHUE W APYTMX NHUTATENbHBIX BelleCcTB. Hampumep, B 3€l€HONM Macce BUKH O3UMOM,
KOTOpasi ObljIa MOJIy4eHa ¢ OJTHOTO I'eKTapa, HacuuTbiBasiocs pochopa — 11,8 kr, kamus — 20,2 kr
U IipoTerHa — 662,6 Kr.

Ta6Jmua 4. HaKOHJ'IeHI/ICHI/ITaTeJ'II)HI)IXBCHIeCTB B OpFaHI/I'lCCKOﬁMaCCCCHI{GpaJ’ILHLIX KYJIBTYD

YpoxxaliHOCTh y
Kynsrypa Ouomaccel, T/ra Krra i 8.

cUpoi CyXOH azoT P,0s K;O | mporeun
Buka o3umas 14,5 4,4 79,2 11,8 20,2 662,6
I'opox y unuctom Buje 7,6 1,9 20,5 41 5,8 179,7
I'opox B cMmecu ¢ ropuuiieid 6eoit 2,6 0,7 7,7 1,1 1,7 73,2
["opuuria Genast B cMeCH 3 TOPOXOM 9,2 2,9 39,4 18,5 22,6 392,3
CMech Topoxa ¢ ropuuien 6emoi 11,8 3,6 471 19,6 24,3 465,5

lopunnia G6enast umeer B 1,6 pasa Gonbire ¢ocdopa MO CPaBHEHHIO C BHKOW O3MMOM.
Hakomnnenue ¢ocdopa BHKOI, rOpOXOM B YUCTOM BHJIE U CMECBHIO TOPOXa C TOPUYUIICH BHITIISAUT
tak: 1: 0,37 : 1,66. 3enenas Mmacca ropoxa B YHCTOM BHJIC Hakomwia B 2,5-3,7 pa3 Ooibiie
MUTATEeNbHBIX BEIIECTB, YEM 3€JIeHas Maca ropoxa B cMecH ¢ ropuwmiein Oenoi. Kamus Gonbie
HaKaIJIuBaeTcsl B OMoMacce ropuuiisl 6enoii (22,6xr Ha 1 ra a.p.). CooTHOIIEHHE BUKH O3UMOM,
ropoxa B YHMCTOM BHAEC M CMECH IO HAaKOIUICHWIO Kamms BeIpsiaut tak: 1 @ 0,29 : 1,20.
[IpuBeneHHbIE NaHHBIE CBHJETENBCTBYIOT, YTO TOPOX B YHCTOM BHJE HeEIleIecoo0pa3Ho
MCIIOJIb30BaTh Ha 3€JIEHOE YA00peHue.

[TutarenbHble BelleCTBA B CUACPAIBHBIX MapaX C BUKOM O3MMOH HMEIOT Takoe
cooTHoueHue: azoT - 1: ¢ocdop - 0,14: kamuit - 0,26. B cuaepanbHOM mape ¢ ropoxoMm u
ropuuiiel CcooTBeTCTBEHHO: a3oT - 1: dochop - 0,42: xamuit - 0,52. CpaBHeHHME 53TUX
COOTHOILLIEHUIN CBHUJETENbCTBYET O TOM, YTO B CMECH IOpoXa C TOpYMIIEH OHM HAWIyYIIHE.
N36bITOKA 30Ta B CHAEpAJbHBIX MapaXx C BUKOM O3UMON MOXKET MPHUBECTH K IEepPepacTaHUIO
BEreTaTHBHON MacChl MIIEHHIBI, T.€. YBEJIWYHUTCS KYIICHHE, KOTOPOE B YCIOBHUSX 3aCyXd HeE
Oyzner obecreyeHo BIIaroi, YTo MpUBEAET K YMEHbBILICHHUIO YPOXKask 3€pHa.

Haubonpiiee komudyecTBo npotenHa (662,6 Kr/ra) HaKariMBaeT Takke BUKa o3uMasi. Ha
BTOPOM MecCTe HJET CMeCh Topoxa ¢ ropuunei oemoii (465,5 kr/ra). Ha tpetbeM - ropumiia
Oenast B cMecH ¢ ropoxom — 392,3 kr/ra.

AHanu3 naHHAX, MOJIydeHblEe HA MPOTSHKEHUU CEeNbCKOXO3WCTBEHHOTO rofia MO3BOJISIET
KOHCTaTUpPOBaTh, YTO Y O3MMOM MIICHUIIBI CIOXUIUCH Haubosiee OaronpusiTHbIE YCIOBUS AJIs
dopMHpOBaHUsl ypoXkash TpU pa3MElICHHWHEee IOCle CHAEPATbHOrO Mapa ¢ BUKOW 03UMOMH
(Tabmuma 5). 3mech ObUT 3aUKCUPOBAH HAWOONBIIWK ypoXkail 3epHa, KOTOPBIM COCTAaBUI B
cpeaneM 3,96 1/ra. [IpeBbllieHne ero COCTaBUIIO 10 CPABHEHUIO C YepHBIM TapoM 8,8 %.

YpoxallHOCTh O3UMOM IMIIEHUIBI 110 YEPHOMY IApy U CHAECPAIBHOMY Iapy CO CMECHIO
ropoxa ¥ TopyHIlbl 0enoii OblUla MOYTH Ha OJIMHAKOBOM YPOBHE M CYIIECTBEHHO HE OTJIMYAach.
Haumensimmii yposkaii OblT MOJTyYeH IOCie ropoxa Ha 3epHO, KOTophli coctaBuia 3,08 T/ra, T.e.
Ha 15,4 % MeH1Ie N0 CPaBHEHUIO C YEPHBIM MapOM.
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Tabmmma 5. YpokallHOCTh 3€pHA 03UMOU MITICHUITHI Ha (POHE Pa3HBIX MPEANICCTBEHHUKOB M CHCTEM
OCHOBHOM 00paOOTKH MOYBHI, T/Ta

[IpeqmectBennuk (B) Cpennee
Cucrema 0CHOBHOM nap cuaepaibHbIN
00paboTKH 1MOUBHI (A) map- BHKa Topox + FOpox Ha T/ra %
YepHBIT 3epHO
03MMast rOpYHIIa
OrBanbHas 3,75 4,10 3,31 3,07 3,55 100
JubdepenuupoBanHas 3,26 3,78 3,37 3,12 3,38 95,2
BeszoTBanbHas 4,34 4,59 4,19 3,65 4,19 118,0
Mernkas 3,13 3,30 2,85 2,43 2,92 82,3
Cpennee 3,64 3,96 3,45 3,08 3,51 -
% K 4epHOTO Mapy 100 108,8 94,5 84,6 - -
HIPO5t/ra: A=0,24; B=0,24; AB=0,48

bezoTBasbHas cucTeMa OCHOBHOM OOpabOTKM MOYBHI CHOBA OOYCIOBMIIA HAWIYYIIHE
YCIOBUSA JIJIsi (POPMHUPOBAHUSA YPOKAHHOCTH 3€pPHA O3UMOM IIICHMIIBI, KOTOpas COCTaBWjIa B
cpenaem 4,19 t/ra, T.e. 3T0 Ha 18,0% OoONBIIE, YeM NPU OTBATBLHOWO OpabOTKE ITOYBHI.
Hawuxymime nokasarenu 1o yposkaiHOCTH ¥Mesia Menkasi o0paboTka mouBbl. [Ipu 1aHHO# cxeme
00pabOTKH MOYBBI YPOIKAWHOCTH O3UMOM TIIICHUIIBI cocTaBuia 2,22 T/ra, 1.e. Ha 27,7% MeHIe,
YeM MpH OTBAJILHON 00paboTKe.

BbIBO/IbI

IIpoBeneHHbIE HUCCIIENOBaHMS CBHUIETENBCTBYIOT, YTO B OPraHMYECKOM 3EMIICIEINU
CUICPAIBHBIA IIap MOXKET CTaTh QJIbTEPHATHBOW 4epHOMY napy. Ilo konuuecTBeHHOMY
HaKOIJICHUIO HAJ3€MHOM Macchl M IHMTATEJIbHBIX BEIIECTB (a30T W MPOTEHMH) JUIUPYET BUKA
03MMasi, a CMECh Iropoxa C ropuuiei Oenol MMeeT HawiIydllne IMokasarenu 1o ¢ocdopy u
kanuioo. [llupokoe ucCMoNb30BaHME CHUICPAIBHBIX KyJIbTYp HOBbIIAeT 3()(HEKTHUBHOCTD
IPUPOOUCTIONH30BAaHUS, CIIOCOOCTBYET MOBBIIICHUIO TUIOAOPOAMS IOYBBI W IOJYYCHHIO C
€IMHULBI TUIOMAAX OOJIbLIE TPOAYKIIUH.
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YCTONYUBBIN NIOYBEHHBI MEHEIJKMEHT
B CEJILCKOM XO3SMCTBE YKPAUHBI

Anaroauii KYUYEP
XapbKOBCKUM HalMOHANIbHBIA YHUBEpcUTeT nMeHHu B. H. Kapasuna
1. CBoOoibl, 6, 1. XapekoB, Ykpauna; HHI] « IHCTUTYT mOYBOBEACHUS U arPOXUMHUHN UMEHU
A. H. CokomoBckoroy, yi. YaiikoBckas, 4, r. XapbkoB, YKpanHa
e-mail: kucher@karazin.ua

Abstract. Now in the world the problem of the sustainable soil management in agriculture acquired a
global character. For Ukraine, this issue is particularly relevant in view of the fact that this state has one
of the world’s richest black soils, the so called chernozem, in fact around of 8-9 percent of the global
black soil assets is located in Ukraine. According to this indicator (27.8 million ha), Ukraine ranks fourth
in the world after Russia (145.4 million hectares), the USA (55.1 million ha) and China (38 million ha).
However, due to inefficient management of the soil of Ukraine, they are degrading.This paper examines
the sustainable soil management in Ukrainian agriculture, exploring the degree of observance with the
principles of this management in agricultural enterprises.We used such methods: abstract-and-logical,
monographic, expert assessments, computational and analytical.The Voluntary Guidelines for
Sustainable Soil Management (VGSSM) were developed by the Global Soil Partnership (GSP) endorsed
by the Food and Agriculture Organization of the United Nations (FAQO) Council in December 2016 at its
155th Session, is accepted as a basis for the methodology development of expert evaluation and
situational analysis of the degree of observance of these principles in agriculture, which it is assumed to
be applied along with others for the substantiation of decision-making and actions.The obtained results
demonstrate the present state of observance of the principles of sustainable soil management in
agricultural enterprises, the availability of opportunities and reserves to improve the situation of their
implementation, due to which this should be carried out.

Key words: sustainable soil management; principles; rational agricultural land use; Ukraine.

BCTYIIVIEHHUE

B Hacrosiee BpeMsi B Mupe npoGieMa YCTOHYHMBOIO YIPaBJICHUS MOYBAMH B CEJIbCKOM
X03s1iicTBe puobpena riaodanbHbIil Xapakrep. st YkpauHbl 3TOT BOIPOC 0COOEHHO aKTyaJleH ¢
y4eTOM TOro (hakTa, YTO B CTPAHE HAXOJATCS OJHHU U3 CaMbIX OOraThIX B MUpPE — YEPHO3EMHBbIE
nouBskl; (hakTrdeckn okoio 8—9 % riio0anbHBIX YEPHO3EMHBIX aKTHBOB HAaXOIUTCS B Y KpauWHE.
[To sromy moxkazatento (27,8 MiIH. ra), YKpauHa 3aHUMaeT 4YETBEPTOE MECTO B MHUpE IMOcCIe
Poccun (145,4 mnu. ra), CIOA (55,1 mna. ra) m Kuras (38 min. ra). OpHako wu3-3a
He3(PPEeKTUBHOTO yrpaBiIeHUs IOYBAMU OHU JIETPAJAUPYIOT.

Pe3ynbrarhl aHann3a MOCIEIHUX UCCIENOBAaHUM M MyOJMKAlMA CBUIETEIBCTBYIOT, YTO
npobjeMy yCTOMYMBOTO MOYBEHHOTO MEHEIKMEHTAa aKTHBHO H3y4yaloT 3apyOe’KHbIE yueHbIE.
Tak, Hampumep, HEMEIKHUE Y4Y€Hble, HCCIeAys BO3MOXKHOCTU M Oapbepbl IJi YCTOMYUBOTO
YIPaBICHUS IOYBEHHBIMM peCcypcaMH, OTMEYAarT, 4YTO IIOYBBI SBJISIFOTCS OCHOBOM JJIs
CEJIbCKOXO3SHCTBEHHOTO TMPOU3BOJACTBA, (DYHKIMOHUPOBAHUS SKOCHUCTEM M OJAroCOCTOSHUS
4eJ0BeKa, HO, KaK 3TO HU MapajoKCallbHO, B OOJBIIMHCTBE HAIIMOHAJIBHBIX U €BPOINEHCKUX
MOJIUTUK yJIENsieTcs TOJIbKO OTpaHMYE€HOE BHUMAHME YCTONYMBOMY ITOYBEHHOMY MEHEIKMEHTY
(Thorsge u ap., 2019).VcroiiunBelii ouBeHHBIH MeHepKMeHT (Sustainablesoilmanagement) B
MIPOM3BOJICTBEHHBIX YCIOBHIX O3HAYaeT, YTO «(PYHKIIMH MOYBBI CIIOCOOCTBYIOT 3KOCUCTEMHBIM
ycayraM W OMOpa3HOOOpasvio, TPUPOAHBIE W DKOHOMHUYECKHE PECYpChl HCIOJB3YIOT
3¢ (}EeKTUBHO, CEIbCKOE XO3SMCTBO OCTaeTcsi MPUOBUIBHBIM, a YCJIOBHSI IPOM3BOJCTBA
COOTBETCTBYIOT 3THUECKUM HOpMaM M cTaHaapTtaMm 3japaBooxpaneHus» (Helming u np., 2018).
HccnenoBanust B MOAJNEPXKKY  YCTOWYMBOTO  yIpaBieHHs  NOYBaMH  TpeOyIoT
MEXIUCIUIUTMHAPHOTO MOAX0Ja K TPeM B3aMMOCBSI3aHHBIM 3ajadyaM: (1) MOHMMaHUE BIUSHUS
yIpaBieHUs] MOYBOM Ha IMOYBEHHBIE MPOIECCHl M (PYHKUMM IO4YB; (i1) OLEHUBAHUE BIIHUSIHUS
yIpaBJIeHUS] TOYBOM Ha YCTOHYMBOCTb, YYHUTHIBasi HEOJHOPOJHOCTh TIeO(U3NYECKUX U
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COLIMANTbHO-9KOHOMHYECKUX YCIOBH; (iil) MMETh CHUCTEMHOE MOHUMAaHHE ABMXKYIIMX CHUT U
OTpaHUYEHUN NPUHATUS pelleHui (epMepaMu MO YIPaBIECHUIO MMOYBAMU U, KAK MHCTPYMEHTHI
yIpaBICHUS MOTYT, B3aUMOJICUCTBYS C IPYTHMMH JBIKYIIUMU CHJIAMH, HAPABISATh YCTONYHBOE
yhpaBieHue noyBoil. [ qocTukeHus: 3Toi eI HeoOX0IMMO TECHOE COTPYIHUYECTBO MEXKIY
YUEHBIMHU-TIPUPOJOBEIAMHU, KOTOPHIC TBITAIOTCS TMOHATh (PYHKIIMA TIOYBBI, W YYCHBIMH-
COLIMOJIOTAMH M 3KOHOMHCTaMH, KOTOpbIE HCCIEAYIOT, KaK MX MOXXHO NpPEBPAaTUTh B YCIYTH,
UMCIOIIME COLMAIbHO-IKOHOMUYECKYI0 1ieHHOCTh(Helming u ap., 2018). Uccnenys npobieMsr
yIpaBiIeHUS MOYBAMHU, YUCHBIE PACCMATPHUBAIOT Pa3jMYHbIE aCMeKThl, B YaCTHOCTU:OI[EHUBAIOT
MOTEHIIMAJ U MPEACIIbI 3¢MIIA U TTOYBBI JJIs1 YCTOWYMBOW MHTEHCU(UKAIIUU CEIbCKOTO X03SHCTBA
EBpomnbr (Schiefer u ap., 2016); paccMarpuBarOT yrnpaBiieHHE IUIOJOPOJUEM ITOYB HA OCHOBE
WHHOBAI[MOHHBIX MMOJX0A0B K oreHke maxoTHbIX 3emenb (UIko u ap., 2018); ananmusupyror
uH(pOpMaIIMOHHOE O0ECIeYeHHe COCTOSHUS TMOYBEHHBIX pecypcoB B Ykpaune (Baliuk u mp.,
2015); mpeuraraloT METOAbl YCTOMYMBOTO UCIIOIB30BaHUs AC(IIAIIMOHHO - OMACHBIX 3€MeNb Ha
OCHOBE OpraHM3aluu B3aumoeicTBus creiikxoanepos (Kucher u ap., 2015). B oxHoii u3 Hammmx
nyOnuKanuil Mbl PAaccMaTpUBAIM YCTOWUYMBBIM IOYBEHHBIM MEHEIKMEHT KaK HHCTPYMEHT
UMILIEMEHTAIUH HU3KOYTIIEPOAUCTOro 3emienonb3oBanus (Kydep, 2018).

MATEPHUAJIBI 1 METO/1bI

B nmaHHOM cTaThe paccMaTpuBaeTCs YCTOMYMBOE YIPAaBICHUE IIOYBAMM B CEIBCKOM
X035UCTBE YKpaWHBI, UCCIEAYETCS CTENEeHb COOJIIO/IEHUs MPUHIMIIOB 3TOTO YIPaBJICHUSA Ha
CEJIbCKOXO3SMCTBEHHBIX MPEANpPUATUAX. MBI HCHOIB30BAIM TaKUE€ METOJbl: a0CTPaKTHO-
JIOTUYECKHM,  MOHOTrpaduYecKuii,  IKCHEPTHbIE  OLEHKH,  PaCYCTHO-aHAIUTUYECKHIl.
JloOpoBosIbHBIE PYKOBOASIME MPUHLMIIBI IO YCTOWYMBOMY ympaBieHuto nousamu (VGSSM,
2017), pazpaborannsie ['moGanpHBIM MOUBEHHBIM mapTHepcTBOM (GSP), ogo6pennsie CoBeToM
[Tpo0BOILCTBEHHON U CEIBCKOX03MCTBEHHOM oprann3zauuu OobenunenHsix Hauumii (PAO) B
nekabpe 2016 . Ha ero 155-i ceccuu, MPUHUMAIOTCS B KAa4eCTBE OCHOBBI ISl pa3pabOTKH
METOJI0JIOTUH IKCIEPTHOM SKCIPECC-OLEHKHU M CUTYAllMOHHOIO aHaliu3a CTENEHU Ba)KHOCTH U
CTEMEeHH COONIOECHUSI JTUX TMPUHIUIIOB B CEIHCKOM XO3SAHCTBE, KOTOpBIE Mpearnoiaraercs
IPUMEHSTh Hapsily ¢ APYrUMU A OOOCHOBAaHUSl IPUHATUS YIPAaBICHUYECKUX pEILICHUH U
IEUCTBUIA.

Jlis 3TOor0 MBI pa3paboTaiv aHKETy M MPOBEIM ONPOC SKCIEPTOB MO ONPEAETIECHUIO
CTETEHU COOJIIOJIEHHUs] TNPUHIMIIOB YCTOWYMBOIO ITOYBEHHOTO MEHEKMEHTa B arpapHbIX
HOPEeNNpPUATHIX YKpauHbl, a TAK)KE OTHOCUTEIBbHOW Ba)XXHOCTH (3HAUMMOCTH) 3THUX MPHUHIIUIIOB.
OKkcnepTaMu BBICTYNWIM 12 BeIyIIMX Y4YEHBIX U CIEHUAINCTOB B OOJIACTH OXpaHbI MOYB C
Pa3HBIX PETUOHOB Y KpauHBbI.

OreHMBaHUE CTENEHU BaKHOCTH (3HAYMMOCTH) KaKJI0T0 MPUHLIUIIA OCYLIECTBIISUIM 110 3-
OaJILHOM IIIKAaJIe, I'JI€:

1 6ann — HU3KKUN YPOBEHb BAKHOCTH (3HAYMMOCTH) MPUHIINIIA;

2 Gamna — cpeaHuii (YMEpEHHBIN) YPOBEHb BaKHOCTH (3HAYMMOCTH) NIPUHIIUTIA,

3 6asuta — BBICOKMH YpOBEHb BaKHOCTH (3HAUMMOCTH) MIPUHLIUIIA.

OneHnBaHUE CTENIEHNU COOJIOIEHUS Ka)K0ro MPUHIMIIA OCYIIECTBISUIN O 5-TH OaabHOM
HIKaJe, re:

16anmn — oueHb HU3KHI YpOBEHb COOJIOJEHHUS NpPUHLMIA (OYEHb CYIIECTBEHHBIE
OTKJIOHEHUS!, HEBBITIOJIHEHHE TPEOOBaHUIN);

2 Gauta — HU3KUN ypOBEHb COOJIOICHNUS TIPUHIIMIIA (CYILIECTBEHHbBIE OTKJIOHEHUS);

3 bayuta — cpeHHiA YPOBEHb COOITIOICHUS TPUHIINTIA (3aMETHBIE OTKIIOHEHHS );

4 Gama — BBICOKMM YpOBEHb COOJIOACHUS NPUHIMNA (XOpPOIIUI, HECYIeCTBEHHbIE
OTKJIOHEHHUS]);

5 0auIoB — OYEHb BBICOKUH YpPOBEHb COONIONEHUS NpPUHIMNA (OTIMYHBINA, MOJIHOE
BBITIOJITHEHHE TPEOOBAHUH).
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WuTepnperannio  yCpeIHEHHBIX PE3YyJIbTaTOB OSKCIEPTHOTO OIICHUBAHUS CTEIICHU
B2)XHOCTH (3HAUMMOCTH) KaXKIOTO MPUHIIAIIA OCYIIECTBIISUIN TI0 TAKOU IIIKaje:

1,00-1,49 6anna — HU3KUN YPOBEHHb BAXKHOCTH (3HAYMMOCTH ) IIPUHITUTIA;

1,50-2,49 6anna — cpeaHuit (yMEpeHHBIH) YPOBEHb BAXXKHOCTH (3HAYMMOCTH ) TIPUHITUTIA;

2,50-3,00 Gaa — BICOKHIA YPOBEHb BAYKHOCTH (3HAUMMOCTH ) TIPUHIIUTIA.

WHuTepnpeTaniiio  yCPEIHEHHBIX PE3yJbTaTOB OSKCIIEPTHOIO OICHUBAHHUS CTEICHU
COOIOZICHHSI KXKIOTO MPUHITUTIA OCYIECTBIISUIN TI0 TAKOH IIIKase:

1,00-1,99 6anna — o4eHb HU3KHI YPOBEHB COOJIIOICHUS PUHITNTIA;

2,00-2,99 6anna — HU3KHIA YPOBEHBb COOJIOICHUS TTPUHIINIIA;

3,00-3,99 6anna — cpegHuii ypoBEHb COOJIIOACHUS TIPUHIIMIIA;

4,00—4,99 Gamnna — BEICOKHI YpOBEHb COOTIOACHHUSI IPUHITHIIA;

5,00 6am10B — O4YEHb BBICOKHI YPOBEHB COOIIOICHHUS TPUHITUIIA.

PE3YJIBTATHBI U OBCYXKIAEHUSA

O06o001IeHre pPe3yabTaTOB BBIMIOJHEHHOTO HccienoBanus (Tabmn. 1) mokasaio HU3KHNA U
CpPEIHHMI ypOBEHb COOJIOCHUS TPHUHIMIIOB YCTOWYMBOTO TIOYBEHHOI'O MEHEIKMEHTA B
arpapHbIX TPEINPHITHAX YKpPauHbl: MUHUMH3AIUS dSpO3uH TOoYB — 2,58; TMOBEIIICHUE
COJIEpXKaHUsI OPraHWYecKOro BeliecTBa B TouBe — 2,25; obOecrnieueHuwe OanaHca W ITUKIIOB
MUTATeNFHBIX BemlecTB B TouBe — 3,00; mpemoTBpalieHWe, MUHUMHU3ALUS W CMATYCHUE
3aCOJICHUS U OCOJIOHIICBAHUS MOYB — 2,83; IpeIoTBpaIlcHIe 1 MUHUMH3AIIMS 3arpsS3HEHUS I0YB
— 2,75; mnpenoTBpallleHHWE W MUHUMH3AIUSA TOJKUCICHUS TMo4yB — 2,92; coxpaHeHue H
yBenuueHue OuopasHooOpaszus moyB — 2,50; MUHMMH3AIMs 3anedyarbiBaHus MouBbl — 2,50;
MPEIOTBPANCHIEC M MUHUMU3AIHS YIUIOTHEHHUS TIOYBBI — 2,25; COBEPIICHCTBOBAHKE YIIPABIICHUS
[IOYBEHHOU Biaroii — 2,75.

Tabmuma 1. Pe3ynprarhl SKCIIEPTHOM OIEHKH CTEIIEHU COOII0ICHIISI IPUHITAIIOB YCTOWIHBOTO
IMOYBCHHOI'O MCHC/PDKMCHTA B aIrpapHbIX MPCATIPUATHAX praI/IHI)I, a Tak)kKe OTHOCUTEJILHOMN CTEeNeH!
B)KHOCTH (3HAYUMOCTH) 3TUX MPUHIIUIIOB

No CreneHp BaKHO- CrenecHb
/Tt [TpuHIUIEL CTH (3HAYMMOCTH) | COOJFOICHUS
MIPUHIIKIIA MIPUHITATIA
PykoBoisitiive PpUHIIUIIBI PAIMOHATILHOTO UCTIOIb30BAHUS
NOYBEHHBIX pecypcoB (copmupoBano 3a PAO) 2,39 2,63
1 MuHUMHU3aIMS 3PO3HH TTOYB 2,75 2,58
5 [ToBbINIEHHE COACPIKAHKS OPTAHUUECKOTO BEIIECTBA B 2.75 2.25
MOYBE
3 OO0ecrieuenue OataHca ¥ MUKIIOB [IUTATENILHBIX BEIIECTB B 2,50 3,00
MOYBE
4 [MpenoTBparieHre, MUHUMH3AINSA ¥ CMSTICHUE 3aCONICHHS U 2.33 2.83
OCOJIOHIIEBAHUS TOYB
5 [IpenoTBparnieHne 1 MUHUMHU3AIHS 3arpsi3HEHUS TT0YB 2,33 2,75
6 [IpenoTBpareHre 1 MUHUMU3AIUS TIOJKUCICHUS TIOYB 2,08 2,92
7 | CoxpaHeHHe 1 yBeIHUeHHe OMopazHoo0pasus OYB 2,33 2,50
8 MuHUMU3ALMSA 3aI1€YaThbIBAHUS ITI0YBBI 1,83 2,50
9 IIpenoTBpanieHue 1 MUHUMU3AIUS YIUTOTHEHUS TIOYBEI 2,42 2,25
10 | CoBepuieHCTBOBaHUE YIPaBIICHHS TOYBEHHOW BJIAroi 2,58 2,75

HUcmounux: ABTOPCKHUE UCCIICAOBAHUA.

[TonydyeHHble pe3yabTaThl JIEMOHCTPUPYIOT COBPEMEHHOE COCTOSIHME COOJIOCHUS
IPUHLMIIOB ~ YCTOMYMBOIO  IIOYBEHHOTO  MEHEKMEHTAa  Ha  CEIbCKOXO3AHCTBEHHBIX
OPEeNNpUATHIX, HaJIM4ue BO3MOXXHOCTEH U pE3epBOB ISl YIYYIIEHUS CUTyallUH IO HX
UMIUIEMEHTAIlUM, 32 CYET Yero 3TO CJIEAyeT OCYLIECTBIATh. TakuMm obOpaszom, Toibko 10 %
NPUHIIAIIOB MPUICPKUBAIOTCS HA CpPeJHEM ypoBHeE, octaibHbie (90%) — Ha HHU3KOM YpOBHE,
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IIO3TOMY €CThb CYLICCTBEHHBIC PE3€pBbl Ul YIY4YIICHHUs CUTyalMu. Pe3ynbraTsl pacyeToB
MIOKa3bIBAIOT, YTO B CPEJHEM PYKOBOISALIME PUHIUIIBI YCTOMYUBOIO MOYBEHHOIO MEHEIKMEHTA
BBITIOJTHSJTMCH B arpapHbIX NPEANPHATHIX TOJIbKO Ha 52,7 % (puc. 1).

%

OcHoBHOIT

OcHOBHOI1

OcHOBHOI1

OcHoBHOI1 \

OcHOBHOI

OcHoBHOU T T T T T T T T T
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oQ;z» o‘z"2V o‘b Hongﬁkosbl %OMep@nHuH@ o‘z’«zV o‘z’é 9‘52y
&5 o &

—&— CrerneHb CO6J]IOI[CHI/I$[ % -8 CpenHsist CTerneHb CO6JI}0}Z[CHI/ISI ‘9

Puc. 1. Cpenusist crernieHb cOOMIONEHHS TPUHIMIIOB YCTOMYMBOTO MIOYBEHHOTO MEHEIKMEHTA
B arpapHbIX NPeANpUATHIX YKpauHsbl, Yo. McmouHuk: agmopcKue uccie008aHusl.

O0600611eHre TOTYYEHHBIX PE3YIbTAaTOB MO3BOJIMIIO CTPYNIUPOBATh U MPOPAHKUPOBATH
paccMmaTpuBaeMble IPUHIUIIBI IO CTENEHH Ba)KHOCTU (3HAYMMOCTH):

(1) BBICOKHI ypOBEHb BaXXHOCTH — MHHHUMH3AIUS SpO3UH TO0YB (2,75), MOBBINICHUE
COJIep’KaHUsl OpPraHMYECKOro BellecTBa B mouBe (2,75), COBEpIICHCTBOBAHHME YIPABICHHS
MOYBEHHOM Biiaroit (2,58) m obecrneueHre OajlaHca W ITUKIOB MUTATEIBHBIX BEIIECTB B MOYBE
(2,50);

(1) cpenHuii ypOBEHb BaKHOCTH — MPEAOTBPAIICHHE U MUHUMHU3AIIUS YIZIOTHCHHS TTOYBBI
(2,42), npenoTBpallieHue, MUHIMH3AIHI 1 CMSITYSHHE 3aCOJICHHS M OCOJIOHIIeBaHus moYB (2,33),
NpEeNOTBpallleHNe W MHUHMMM3AIUs 3arps3HeHus mnous (2,33), coxpaHeHHE U YBEIUYEHUE
O6uopasznooOpasus mouB (2,33), mpenoTBpallleHHe ¥ MHUHUMU3AIMS MOAKUCIeHne mouB (2,08),
MUHHUMH3AIMA 3aredaTbiBanus moyss (1,83).

B rpynny HU3KOTO ypOBHS 3HAYUMOCTH HU OJIH U3 MPUHITUIIOB HE TOMaJ.

CorocTaBieHie OTHOCUTEINLHOH CTENEHHM BaXKHOCTH M CTEIEHH COOJIIOIEHUS
COOTBETCTBYIOIIMX MPUHIIMIIOB TO3BOJMJIO ONPENCIUTh TMPHOPUTETHBIE  HAMpaBICHUS
VIYYIICHUS CUTyallMM IO WX HWMIUIEMEHTAluu. Tak, yJaydmaTe YpOBEHb HCIOJIb30BAHUS
MPUHIIMIIOB YCTOWYMBOTO TOYBEHHOTO MEHEIKMEHTa B arpapHBIX MPEANPHUATHSAK YKpauHbI
CIIelyeT MIpPEeXJe BCEro 3a CUET MEPONPUATUN MO MOBBIMICHUIO COJIEP)KAHUS OPraHUYECKOTO
BEILIECTBA B TIOYBE, TAK KAaK, HECMOTPS Ha BBICOKYIO CTENEHb 3HAYMMOCTH, YPOBEHb €ro
cobmonenust Hm3Kkuit — 45,0 %. BTopsIM MprOpHUTETOM MOYKHO NMPU3HATH MUHUMH3AIHIO 3PO3HU
MOYB, MMOCKOJILKY BMECTE C BHICOKOM CTEMEHBI0 BAXKHOCTH ITOT IMPHUHIIUI COOII0OAETCS JIUIIh Ha
51,6 %. TpeTbUM MPHOPUTETOM SIBISIETCSI COBEPIIICHCTBOBAHUE YIIPABJICHHUS TOYBEHHON BJIAroi,
KOTOpoii cobmonaetcs Ha 55,0 %.

Jliig ynoOcTBa aHaIM3a ¥ IPUHATUS YIPABIEHYECKUX PEIIEHUH MOKHO BOCIIOJIb30BATHCA
NpeJIOKEHHOW HaMu Matpuieid (tabm. 2). B 3aBHCUMOCTM OT TONYYEHHBIX 3HAYCHUUN
BO3MOXKHBIE 15 pa3faMyYHBIX CIIy4yaeB IMOMNaJaHus pe3yjabTaTa OLEHUBAHHUS B TOT WM HMHOUN
KBaJpaHT. YeM BHIIIE YpPOBEHb BaAXXHOCTH W HUXKE CTENEHb COONIOJCHUS MPHUHIIMIA, TEM
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NpUOpPUTETHEE U ObICTpee JOHKHO OBITh MPUHATHE MEpP MO YIy4IIeHUIo cuTyaruu. Y Hao6opoT:
YeM HHW)KE YpPOBEHb Ba)XXHOCTH M BBIIIE CTENEHb COONIOJCHMS IPHUHLUMA, TEM MEHbILIEro
BHUMaHHUA OH TpeOyer. OOMMI alrOpUTM MOCIENOBATEILHOCTH MPUHATHS YIPABICHYECKUX
pELIECHUI MOKET OBbITh TAKUM:

(i) mepBOOUEpEIHBIE PEIIEHHUS O IPUHIIMITAX, KOTOPHIC MOMau B KBaapantel Ne 1,2, 3, 6, 7;
(i1) BTOpOCTETIEHHBIEPEUICHHS O MIPUHLIMIIAX, KOTOPBIE monany B kBaapantel Ne 5, 10, 15, 13,14;
(111) TpeThbeCTENeHHBIC PEIICHHS O IPUHITUIIAX, KOTOPBIC Monaiu B kBaapanTel Ne 4, 8,9, 11, 12,

Tabnuua 2.Matpuna pemenuii «CteneHb BaXKHOCTH (3HAYMMOCTH ) MPUHIHIA YCTOHYHNBOIO TOYBEHHOT'O
MEHEDKMEHTa — CTETIEHb COONIOICHUS

CTeneHb BaXKHOCTH CrerneHb COOJIO/ICHUS TPUHIIHIIA
(3HAYUMOCTH) OueHb N N N Ouenn
o Huskuit Cpennuit Bricokuii N
MIPHUHIIUIIA HM3KHUI BBICOKUI
. 4
Bricokuit
. 9
Cpenuuit
Huzkmit

Kypcusom ob6o3nauen nopsaokoswiii Homep oyeHusaemvlx NPUHYUNOS.
Hcmounux: asmopckue Uccneo008amusl.

[TpropuTETHOCTH NPUHATHS PELLICHUH B PaMKax Ka)KIOH M3 YKa3aHHBIX TPYIIII 3aBUCUT OT
KOHKPETHOW CHUTYaIlMH M TIOCTABJICHHBIX 33124 U TPeOYeT JOMOIHUTEIBHOr0 000cHOBaHus. Jlis
3TOr0 MOXKeET ObITh HCIOJIB30BAH METO/ aHAJIN3a Hepapxuii, npeanoxxeHusiii T. Caaru.

BbIBO/IbI

BriepBele ¢ HCHOJB30BaHMEM  aBTOPCKOTO  HAYYHO-METOJUYECKOro  MOJX0]a
OCYIIIECTBJIEHO KOJIMYECTBEHHYIO OSKCIIEPTHYIO OILIEHKY CTENEHU COOJIOJCHHUS KaueCTBEHHBIX
HOPUHIUIIOB YCTOMYHMBOTO MOYBEHHOT'O MEHEIKMEHTA B arpapHbIX MPeInpUATUsSX YKpauHbl, a
TaK)K€ OTHOCUTEJIbHOM CTENEHHW BaXKHOCTU (3HAYMMOCTH) 3THX HpuHIUIOB. Tosbko 10 %
IPHUHIMIIOB TPHICPKUBAIOTCS Ha CpeHEM ypoBHe, octaibHble (90 %) — Ha HU3KOM YpOBHE,
MIOTOMY €CTh CYIIECTBEHHBIC PE3EpBBI JUISl YIYUIICHUS CUTyalluu. B cpemHem pykoBozsiue
HOPUHIUIB YCTOWYMBOTIO TOYBEHHOTO MEHEIKMEHTA BBINOJIHSAINCH B arpapHbIX NPEANpPUATHIX
tonbko Ha 52,7 %. IlomyuyeHHble pe3ynabTaThl JIEMOHCTPUPYIOT COBPEMEHHOE COCTOSHUE
COOITIO/IEHHSI TIPUHIIMIIOB YCTOMYMBOTO TOYBEHHOTO MEHEIKMEHTaHA CEIIbCKOXO3SHCTBEHHBIX
OPEINpUATHIX, HaJU4ue BO3MOXHOCTEH W pE3epBOB I YIAYYIIEHUS CHUTyallud IO HX
UMIUIEMEHTAIlUH, 32 CYET Yero 3TO CJeIyeT OCYIIECTBISATh. B arpapHbIX NpearnpHusThsX
YKpauHbl yaydlllaTh ypOBEHb HCIIOJIBb30BaHUS MPHUHLUUIIOB YCTOWYMBOIO IOYBEHHOIO
MEHE/DKMEHTA, CIEIyeT TMPEKIEe BCEro 3a CYeT MEPONPHUSATHI IO IMOBBIIICHUIO COACPIKaHUS
OpPraHMYecKOTo BeIleCTBAa B IMOYBE, MHMHHUMH3AIMHM 3PO3UM IOYB U COBEPIICHCTBOBAHUS
yIpaBieHUs] TOYBEHHOW BJIAaroi, KOTOpbIe coOitojaeTcsi coorBercTBeHHO Ha 45,0 %, 51,6 u
55,0%. Jlns ymoOcTBa aHaiM3a M TIPUHATUS YIPABIEHYECKUX PELICHUH MpeaokeHa
crerualibHas MaTpHUIa.
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Abstract. There are presented the total, and mobile selenium contents in seven areas from Romania
covered with different soil types from Chernezems up to Luvisols. Have been highlighted specific zones
with selenium deficiency, as Central and South Dobrudja and Fagaras Depression, and zones with
normal toward high selenium contents in areas coved by salted soils from Calmatui and Buzdu valleys
and the Danube Delta. Tn areas with selenium deficiency in soil have also been recorded, selenium
deficiencies to the horned animals, ovines especially. A significant correlation has been established
between mobile and total selenium contents in investigated soils. Also, the statistical correlation was
recorded between mobile selenium content and soil pH on the one hand, and mobile phosphorus content
on the other. The analyze of the selenium fraction extracted from the total selenium soil content revealed
that the smallest part of total Se (8%) there was recover from the soil solution, and the highest (54%)
there was in the residual soil fraction. The selenium contents analyses of the plants harvested from the
investigated soils recorded results in accordance with the selenium contents from soils, also been
highlighted deficiency values in wheat plants (green plants and grains) and in the pasture plants from the
Fagaras Depression.

Key words: total selenium, mobile selenium, selenium deficiency, soil, pasture plants

INTRODUCTION

Selenium is a microelement with numerous functions in animal and human nutrition,
having an anti-infectious and antioxidant role, being a component of the enzyme glutathione
peroxidase, and antitumor effect (Deélstra et al., 1982; Gissel-Nielsen et al., 1985). Moreover, its
physiological and biochemical role in plant nutrition has been outlined (L&uchli, 1993;
Turakainen et al., 2005), and crop yields have been obtained when selenium is administered to
seed, soil or plant (Lacatusu et al., 2002). The abundance of selenium in the components of the
environment is small. Thus, the average content ranges from 50 to 90 ug-kg™ in the lithosphere,
between less than 100 and 2,000 pg-kg™ in the pedosphere, from less than 50 to 15,000 ug-kg™
in the biosphere and around pg-kg™ in the hydrosphere (Kabata-Pendias and Pendias, 2001;
Kabata-Pendias and Mukherjee, 2007).

The soil selenium content is dependent on a number of chemical and physical soil
properties, such as the reaction, the organic matter, macro- and microelements contents, and the
nature of the parent material. Intervalul continutului total de seleniu din orizontul superior al
solurilor lumii este cuprins intre 5 si 3.500 pg-kg™, cu o valoare medie de 383 + 255 pg-kg™
(Kabata-Pendias si Pendias, 2001). The extreme values of the content range are specific to areas
with deficiency, respectively selenium toxicity. Deficiency of selenium leads to the appearance
of living diseases, such as myodistrophy in sheep, hepatic necrosis in pigs, white muscle disease
in horses, exudative diathesis in birds, and the excess causes the appearance of alkaline disease
in animals and humans (Gissel-Nielsen, 1985). Selenium deficiency in humans is implicated in a
number of diseases of the circulatory system, digestive tract and many tumor diseases. Its major
role in human health is related to the antioxidant effect of its compounds (Reilly, 2006). It is
known that large areas of northern (Finland, Sweden, Norway; Hartikainen, 2005), central
(Germany; Hartfiel and Bahners, 1988), southeast (Serbia; Maksimovic, 1992) European
countries, and from Russia (Ermakov, 1992) ) are affected by selenium deficiency. Romania,
too, there is in a world area with selenium deficiency values, recorded in animals and even
humans. Thus, Salantiu, since 1970, has highlighted the shortage of selenium in the vines, lambs,
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piglets and marshes in large areas of the Transylvanian Basin. More recently, Serdaru and
Giurgiu (2007) analyzing 1,548 fodder samples, 1,175 bovine blood samples, 1,030 sheep blood
samples and 600 human blood samples, all collected from the Transylvania region, concluded
that only 3.7% of the fodder samples, 5.0% of the bovine blood samples, no sheep serum
samples and only 3.3% of the human blood samples they were in the normal content domain, the
differences were in the deficiency domain. Similarly, Serdaru and Giurgiu (2007), analyzing 185
fodder samples from 41 localities from Dobrudja, conclude that only 6.5% of the total samples
belong to the normal content domain, the difference belongs to the deficiency domain. This state
of fact imposed the introduction of selenium in the premixes used in animal nutrition. The
deficiency level is largely due to low selenium content in the soil.

Among the first data regarding the total selenium content in the soils of Romania are
those related to the mountain soils of the Eastern Carpathians and some river sediments (Ababi
and Dumitrescu, 1973; Lacatusu and Ghelase, 1992). The authors found average values of 640
ng-kg™t and 380 ug-kg?, respectively, the last in haematurigenous areas.

The paper presents the results of the researches carried out on the selenium regime in the
soil-plant system in seven areas of the country, differentiated by the nature of the soils, of the
cultivated plants, of the appearance of deficient phenomena in animals, of the degree of natural
or anthropogenic handicap.

MATERIALS AND METHODS

The researches were of expeditionary type, during which soil samples were collected
(usually on depths 0-20 and 20-40 cm, and in some areas - Fagaras Depression, Livada - and
from depths of 40-60 cm). Research was carried out in the following areas: Central and southern
Dobrudja, the south-eastern part of the Romanian Plain, the Calmatui and Buzau valleys, the
Danube Delta (the dammed-in areas Sireasa and Pardina), the Fagaras depression, the Copsa
Mica - Micasasa and the Livada area in the Satu Mare county.

The zones were selected according to several criteria: the appearance of the symptoms of
selenium deficiency in animals (central and southern Dobrogea, Fagaras Depression), less-
favoured areas due to natural conditions, mainly soil: halomorphic soils (Calmatui valley and
Buzau valley), acid soils (Livada area), soils brought to the surface from underwater by
desiccation (Danube Delta), soils heavily polluted with heavy metals (Copsa Mica - Micasasa).
The southeastern part of the Romanian Plain was chosen as an intensely cereal-growing area,
especially wheat, a plant with a strong impact on the food of humans and animals.

The main plants collected were: wheat in central and southern Dobrudja and in the south-
east part of the Romanian Plain, wheat and other grain crops or maize in the area of Copsa Mica
- Micasasa, pasture plants on the valleys of Calmatui and Buzau rivers and from the Fagaras
Depression.

The schematic representation of the investigated areas distribution on the country map is
shown in figure 1.

The total selenium content was determined in the hydrochloric solution obtained after soil
disaggregating with a mixture of perchloric acid (HCIO,4) and nitric acid (HNO3), and the mobile
selenium was extracted with a solution of ammonium acetate (CH;COONH,) - EDTA at pH 7.
Selenium was determined in both solutions by atomic absorption spectrometry in the
borohydride variant. Selenium determinations in the plant were carried out in the hydrochloric
solution obtained after dissolving the plants ashes obtained, in turn, at 450°C. The measurement
was performed by atomic absorption spectrometry, in the borohydride variant.

The analytical results were statistically processed, determining the scattering parameters
and the grouping center parameters. Correlation analysis was used.
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Figure 1. The areas studied to asses the selenium regime in the soil-plant system::

1 Central and southern Dobrudja, Tulcea and Constanta counties. 2 South-eastern part of the
Romanian Plain, Calarasi and Ialomita counties. 3 Calmatui and Buzau counties, Briila and Buzau
counties. 4 Fagaras Depression, Bragsov and Sibiu counties. 5 Copsa Mica area, Sibiu county. 6 Livada
area, Satu Mare county. 7 The Danube Delta, the dummed-in areas Sireasa and Pardina

RESULTS AND DISCUSSIONS

1. The abundance of total selenium and mobile selenium in the soils of the
investigated areas

The average values of total selenium and mobile selenium contents in the soils of the
seven investigated areas are presented in table 1. A relatively wide range of values is observed,
from 143 to 766 pg-kg™ for total selenium and from 4 at 24 pg-kg™ for mobile selenium, soluble
in ammonium acetate solution - EDTA at pH = 7.

Table 1. Average values of total and mobile selenium content (ng-kg™) in the soils of the investigated

areas
Zone Se total Se mobile
Central and southern Dobrudja 143 4
South-eastern part of the Romanian Plain 237 14
Valleys of Calmatui and Buzau rivers 766 18
Fagaras Depression 268 15
Copsa Mica 328 22
Livada 425 17
Delta Dunarii, dummed-in areas Sireasa and Pardina 600 24

If we compare the values of the total selenium content with the average value of the total
selenium content in the soils of the world, not affected by phenomena of deficiency or excess of
this chemical element, calculated according to the data presented by Kabata-Pendias and Pendias
(2001), equal to 383 pg-kg™, we observe that four of the six values are inferior, and three are
higher.

Basically, the lowest total selenium content was recorded in the soils of central and
southern Dobrudja (143ug-kg™), which represents only 37% of the average content of total
selenium, considered normal, in the soils of the world. Similarly, in the soils of the southeastern
part of the Romanian Plain, only 62% of the normal value of the total selenium content was
found, as well as only 70% in the soils of the Fagaras Depression and 86% in the soils of the
Copsa Mica - Micasasa area. In the other three analyzed areas: Livada, the Danube Delta (the
dummed-in areas Sireasa and Pardina) and the Valleys of Calmatui and Buzau rivers, the total
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selenium contents are higher than the normal content, mentioned above, by 11; 57 and 100%,
respectively.

Therefore, it can be stated that in the central and southern Dobrudja, in the south-eastern
Romanian Plain and in the Fagaras Depression the soils have a selenium deficient content.
Moreover, the clear symptoms of selenium deficiency in animals, especially in ruminants, from
the central Dobrudja (Sibioara) and from the Fagaras Depression (Poll, 1968; Salantiu, 1970;
Serdaru and Giurgiu, 2007) confirm this finding.

The values of the average content of mobile selenium, soluble in the solution of
ammonium acetate - EDTA at pH = 7, oscillates in a narrower range, of only 20 ug-kg'l. Direct
proportionality was obtained between total and mobile selenium contents. The lowest value, of
only 4 ng-kg™, was recorded in the soils of central and southern Dobrudja, and the highest in the
soils of the Danube Delta.

The above allows us to place the investigated areas in a series in order of the total and
mobile selenium contents increasing. This series looks like this: Central and southern Dobrudja,
the south-eastern part of the Romanian Plain, Fagaras Depression, Copsa Mica - Micasasa,
Livada, Danube Delta, Valleys of Calmatui and Buzau rivers.

2. The fractions of the total selenium content in soils

The analytical data on the fractions of the total selenium content from the upper horizon
(0-20 cm) of the Chernozem with a normal selenium content, on average of 225 pg-kg™ (figure
2), show that 32% of the total content of selenium can be accessible to plants because it is
present in the directly accessible fractions (soil solution) or potentially accessible fractions (the
exchangeable fraction and the fraction bounded to organic matter).

8% soil solution

0,
S exchangeable fraction

fraction bounded to organic

. 14% matter

fraction bounded to oxides
and hydroxides

13% residual fraction

Figure 2. Fractions of the total selenium from the upper horizon (0-20 cm) of the Chernoziems in the
Slobozia - Insuratei area (southeast of the Romanian Plain)

But, more than half (54%) of the total selenium content belongs to the residual fraction,
hardly accessible to plants. The fraction bounded to oxides and hydroxides can be included in the
same category. Therefore, 67% of the total selenium content in the upper horizon of the
Chernozems in this area (Slobozia - Insuratei) is not accessible to plants.

3. Selenium correlations

Between the total and mobile selenium contents, direct proportionality relations were
calculated (table no. 2). Among the correlations of selenium with soil properties, the inverse
relationship between mobile selenium content and soil pH was highlighted, for soils in south-
eastern Romania and in Fagaras Depression.
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The decrease of the selenium mobility in the alkaline reaction domain must be accounted
for by the inclusion of this ion in hard soluble compounds, such as phosphates, proven fact and
by the inverse relationship between the content of mobile selenium and that of mobile
phosphorus in the soils of the southeastern part of Romania.

Table 2. The values of the correlation ratio / coefficient between mobile selenium on one side (y)
and total selenium, respectively pH in water, or P mobil (x) on the other, from the investigated soils

Yy X Location Correlation ratio / coefficient
Se mobile | Setotal | South-eastern Romania I1=0,561**
Fagaras Depression I =0,525%*
Se mobile PHH.0 South-eastern Romania r =-0,711**
Fagaras Depression r=-0,310**
Se mobile | P mobile | South-eastern Romania r =-0,428**

4. Selenium in wheat and pasture plants from the researched areas

4.1 Selenium in green wheat plants and grains from central and southern Dobrogea
and from the south-east part of the Romanian Plain

As a result of a low total selenium content in the upper soil horizon and in particular an
even lower mobile selenium content, selenium absorption in wheat plants was achieved at very
low levels. Thus, if during the first part of the vegetation period, when the wheat plants were 20-
30 cm high, being in phase 5-6 on the Feeks scale, the average level of selenium content was
0.020 pg-kg™® Se, at maturity, in wheat grain, the concentration of selenium was below the
detection limit of the method and the measuring equipment, namely below 0.0005 pg-kg™ Se.

To highlight the Se deficiency level of wheat grains from the 2007-2008 crop year, in
central and southern Dobrudja, we highlight the average value of 0,146 + 0,189 pg-kg™
selenium, representative of wheat grains harvested from 13 wheat cultivating countries. from
Europe, North America and Australia (Kabata-Pendias and Pendias, 2001).

Interestingly, the selenium analyzes carried out on wheat plants grown on soils from the
southeastern part of the Romanian Plain and on their grains showed average values of 0,023 +
0,012 pg-kg™, respectively 0,130 + 0,111 pg-kg™ (Lacatusu et al., 2010). Moreover, the values
of selenium content during wheat vegetation in the two areas were practically equal. The
differentiation appeared at maturity, when the wheat grain from Dobrudja no longer accumulated
selenium due to the deficient level of the microelement in the soil.

The obvious difference between the abundance of selenium and its forms from the rock-
soil-plant system in the two pedoclimatic zones is illustrated in Figure 3. The very low content of
selenium in wheat from Dobrudja appears clearly, which leads to the need for selenium
biofortification of the flour obtained from it, or its mixing with wheat grains harvested from
other pedoclimatic areas.

4.2. Selenium in halophytic flora and pasture plants

The statistical parameters of the selenium content of the halophyte flora (Salicornia
herbacea, Sueda maritima, Artemisia salina) show a wide range of values, from 10 to 123 pg-kg’
! with average values around 40 pg-kg™ (Table 3). This value is comparable to the average
values of selenium content in fodder plants grown on different soils in different countries, with
average values between 30 and 40 pg-kg” (Kabata-Pendias and Pendias, 2001). The value
obtained in this study is also comparable to those determined in the wheat plants in stage 5-6 on
Feeks stairs grown on the chernozems in the southeastern part of the Romanian Plain (39 pg-kg

1).
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Figure 3. Comparative representation of the selenium contents of the rock-soil-plant system in central
and southern Dobrudja (@) and from the southeastern part of the Romanian Plain (©)

The numbers represent average values expressed as pg-kg™

Table 2. Statistical parameters of selenium content in plants harvested from pastures on salsodisols and
fodder plants collected from Fagaras Depression (n = 32)

Statistical Pasture Fodder
parametrs plants plants
Se, ug- kg_l
n 10 50
X min 123 0
X max 48 67
X 25 19
o 42 14
c.v. (%) 52 74
Me 40 17
Mo 39 19

It is shown that plants grown on soils with different selenium contents, from normal to
high, but not on selenium-deficient soils, have the ability to absorb relatively normal amounts of
this chemical element.

From each soil sampling point, plant samples (aerial part) were collected. Thus, were
collected samples of alfalfa, samples of mixed plants raised on pastures and meadows, and
samples of bristle grass from the stubble of the grain cereals.
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The statistical parameters of the selenium content of the analyzed plants reveal values up
to 67 pg-kg™, with average values of 19 (x, Mo) and 17 (Me) ug-kg™. If we compare these
values with the average value of 73 ug-kg™ selenium in fodder plants from ten countries around
the world, reported by Kabata-Pendias and Pendias (2001), it is found that fodder plants from
Fagaras Depression have accumulated 4 times less selenium than fodder plants grown in other
areas of the globe.

The low values of selenium in fodder plants correlate with the low values of mobile
selenium in the soil, and this correlation explains the phenomena of selenium deficiency
recorded in animals.

CONCLUSIONS

Seven areas in Romania (central and southern Dobrudja, the south-eastern part of the
Romanian Plain, the valleys of Calmatui and Buzau rivers, the Fagaras Depression, the Copsa
Mica - Micasasa area, the Livada area and the dummed-in areas Sireasa and Pardina in the
Danube Delta) were investigated regarding the regime of selenium in the soil-plant system. The
total Se contents of soils ranged from 143 si 766 ug-kg’l, and those of Se mobile from 4 si 24
ng-kg™. Obvious deficiency values are those recorded in Central and South Dobrudja and in the
Fagaras Depression. The total selenium content in the soil represents a sum of the fractions
depending on the soil components (soil solution, humus, clay, oxides and hydroxides content,
heavy and light minerals present in the soil). Between the total selenium contents and the mobile
selenium, direct proportionality relations were established, statistically ensured, and between the
mobile selenium contents and different soil chemical properties were found both direct and
indirect proportionality relations. The selenium content of wheat plants, including grains, from
central and southern Dobrudja and from the south-east part of the Romanian Plain, as well as the
selenium content from the grassland plants of the Fagaras Depression, are reduced, below the
normal values for these plants. In areas with selenium deficiency in soil and plants it is necessary
to add it either on plants by spraying with foliar fertilizers that also contain selenium and / or in
the soil through complex fertilizers containing selenium. Another alternative is to spay the seeds
before sowing with solutions containing selenium. Plants of halophytic flora, grown on
salsodisols, contain high amounts of selenium, without reaching the toxicity level.
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DRY MATTER ACCUMULATION AND NUTRIENT CONSUMPTION BY
WINTER WHEAT DEPENDING ON THE HARVEST LEVEL

Nicolai LEAH, Serafim ANDRIES, Ana GOJINETCHI
"Nicolae Dimo" Institute of Pedology, Agrochemistry and Soil Protection,
laloveni str.100, Chisinau-2070, Republic of Moldova, nicolai.leah@gmail.com

Abstract. The features of dry matter accumulation and nutrient consumption of winter wheat during
various periods of vegetation are revealed.In the phase of spring tillering, winter wheat accumulates
about 6-9% of dry matter and about 20% of nitrogen and phosphorus and 32% of potassium from their
maximum quantity. By the booting phase, wheat accumulates about 20% of dry matter and uses about
75% potassium, 50% phosphorus and 40% nitrogen from the total need from the soil. The greatest
amount of dry matter - about 80% of the total - winter wheat accumulates during the period from the
booting phase to milk-wax maturity of grain. By the flowering phase, plants consume the maximum
(100%) amount of potassium, 67% nitrogen and 73% phosphorus (from total). A close relationship has
been established between productivity and the amount of organic mass accumulated in winter wheat in
various phases of development. Fertilizer contributed to a more intensive (1.4-3.8 times more) use of
nutrients from the soil. The most intense nitrogen consumption of winter wheat per unit time falls on the
period from booting to milk-wax maturity of grain. During this period, wheat uses 1.7-2.6 kg/ha of
nitrogen daily for the formation of 4.5-5.5 t/ha of grain. The optimization of the nitrogen nutrition of
winter wheat during this period determines the level of yield and its quality.

Key words: Chernozems, Dry matter, Harvest, Nutrient consumption, Winter wheat.

INTRODUCTION

In the Republic of Moldovathe winter wheat is one of the main grain and fodder crops,
occupies about 350 thousand ha. Zoned intensive winter wheat varieties (small and medium-
sized) are able to form 7.0-9.0 t/ha of grains (Catalogul..., 2019). The main limiting factors for
obtaining high and stable wheat harvests are the level of nutrition and moisture availability of
plants. Therefore, it is important to deeply study the degree of these factors influence on the
processes of dry matter biosynthesis andintensity of nutrient consumption during various stages
of plant growth and development for targeted regulation of mineral nutrition of cultivated crops.

For determining the mineral nutrients consumption of intensive varieties of winter wheat
it is necessary to carefully study the dynamics of dry matter accumulation in plants throughout
the growing period. The intensity of dry matter accumulation and nutrientsconsumption by plants
is directly dependent on the environmental conditions. When these conditions change, including
nutrients and water supply, the intensity of physiological processes and its direction, the root
system activity, the plant organism activity as a whole, on this basis, the rate of dry matter
accumulation and cultivated crop productivity, consequently, change significantly.

The quantity of dry matter accumulated by plants during the growing season is an integral
display of such important physiological processes as photosynthesis and respiration,
carbohydrate-protein metabolism, dynamic ofash elements content, finally, the growth rate of
both individual organs and the plant as a whole (Ilerunos, 1959). With the improvement of
nutritional conditions and water supply, the assimilation surface of plants increases, the intensity
of photosynthesis increases, and as a result, the amount of organic matter in plants increases, the
yield increases and the quality of the resulting product improves (Cabunun, 1955).

MATERIAL AND METHODS

Research was conducted in long and short-term field experiments of the Agrochemistry
Department of the Institute of Soil Science, Agrochemistry and Soil Protection "Nicolae Dimo",
Soils - leached, ordinary and carbonatic chernozems. In the arable layer of these soils, the humus
content was 3.0-3.4%, the pH - 6.8-8.1, the sum of absorbed bases - 27.2-32.6 mg-eq/100 g of
soil. The amount of mobile phosphorus and exchange potassium (according to Machigin method
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- extracted in 1% ammonium carbonate solution at 1 : 20, pH - 9) was, respectively 1.2-1.6 and
26-27 mg/100 g per variant without fertilizers and 3.0-5.2 and 28-35 mg/100 g on fertilized
variants. The reserves of mineral nitrogen in a meter of soil layer at the beginning of spring
vegetation resumption varied widely range, from 17 to 230 kg/ha. According to the
granulometric composition, soils are classified as clayey-loamysoils with a physical clay content
(particles <0.01 mm) of 52-58% (Andries, et al., 2014).

The amount of precipitation, as well as their distribution during the vegetation period of
the plants, conditioned the winter wheat productivity. From seven years of research two years
were relatively dry, with a humidity deficit of 17-21% compared to the multiannual average, two
wet years with 15% above the norm and three years near the norm. The average of atmospheric
deposits over seven years was 18 mm less than the multiannual average, constituting 534 mm.

Intensive varieties of winter wheat of the semi-dwarf type (medium-sized) were grown in
a grain crop rotation after peas. Mineral fertilizers were applied under the main soil tillage. The
selection, preparation of plant and soil samples was carried out in accordance with generally
accepted methods. To determine the dry matter accumulation and the nutrients consumption,
plant samples were taken in the phases of spring tillering, booting, flowering and full maturity of
winter wheat. Plants were divided into organs: leaf, stem, spike, capes and grain. The content of
dry matter, total nitrogen, phosphorus and potassium was determined in plant samples.

RESULTS AND DISCUSSIONS

The dry matter accumulation by winter wheat during the growing period occurs unevenly.
From seedling to tillering phase (stage), the process of organic matter biosynthesisgoes slowly.
To this phase, plants synthesized 6-9% of dry matter from maximum content. From spring
tillering stage, the rate of dry matter synthesis increased. In the flowering stage, wheat
accumulated 48% of the organic mass on average for fertilized variants. The rest of dry matter
was synthesized in the second half of the growing period. Wheat accumulates the maximum
quantity of dry matter in the biological filling stage of wheat grain.

Improving the conditions of mineral nutrition did not affect the general course of dry
matter accumulation of winter wheat in different phases of development. The changes that are
available in the variants are associated with a phenophaseshift of plant development in
connection with different mineral nutrition conditions of the fertilized variants. Fertilizers had a
significant positive effect on the dry matter accumulation by winter wheat. So, in the spring
tillering phase on the fertilized varieties the dry matter accumulated was 1.9-3.3 times more than
in the control variant (without fertilizers), in the biological full maturityof grain- 1.3-2.1 times
more The optimal variant, providing the greatest dry matter accumulation is N on a
phosphorus-potassium background (PsoKso), (Table 1).

The daily parameters of dry matter accumulation depending on the yield level were
established. In the period from spring awakening of plants (seedling and crown root stages) to
harvesting, winter wheat yield of 5.37 t/ha synthesized 5.73 t/ha of dry matterper day, which is
33% more than the harvest level of 3.46 t/ha. From the booting to floweringphase, there is a
sharp increase in the rate of daily organic matter accumulation. So, if at a harvest of 3.46 t/ha the
grains accumulated 71.6 kg of organic mass, then at 5.33 t/ha - 168.7 kg/ha, or 137% more.
During flowering to maturity, winter wheat grains for the formation of a yield of 5.33 t/ha daily
synthesized 244.3 kg/ha of dry matter, which is 98% more than yield of 3.46 t/ha (Table 2).

The most intensive synthesis of dry matter by winter wheat occurs in the period from
booting to filling (milk-wax) stages of grains. Therefore, the more dry matter the plants
synthesize during different periods of vegetation, the more, as a rule, the grain yield. Based on
this, an attempt was made to mathematically describe this relationship and on its basis to predict
the grain yield in advance.

Based on this, an attempt was made to mathematically describe this relationship and on
its basis to predict the grain yield in advance. A close correlation (r = 0.75-0.85) between the
yield level and wet weightincrease, as well as dry matterwas established.
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Table 1.The effect of mineral fertilizers on the dry matter accumulation by winter wheat
(average data for seven years)

Variant Wheat grain Stages of winter wheat development
yield, t/ha Tillering | Booting | Flowering | Maturity
Dry matter, t/ha
No fertilizer 2.16 0.34 1.04 2.17 5.70
PsoKeo 2.53 0.64 1.35 3.24 7.53
NeoPsoKeo 3.05 0.74 2.09 4.28 9.24
N120Ps0Ks0 3.62 0.92 2.39 5.40 11.64
N180Ps0Ks0 4.08 0.79 2.49 5.69 12.11
N240PsoKeo 4.40 0.85 2.68 6.61 11.56
N300Ps0Keo 5.33 1.14 3.17 6.71 11.94
Dry matter, % of maximum content
No fertilizer 2.16 6 18 38 100
PsoKeo 2.53 8 18 43 100
NeoPsoKeo 3.05 8 23 46 100
N120Ps0Keo 3.62 8 21 46 100
N180PsoKso 4.08 7 21 47 100
N240PeoKso 4.40 7 23 57 100
N300PsoKeo 5.33 9 26 56 100
Table 2. Daily dry matter accumulation by winter wheat, depending from yield level, kg/ha
I—:arvest Average Seedlings Spring tillering - | Booting - Flowering -
evel, n harvest, - spring booting flowering fuII_
t/ha t/ha tillering maturity
2.0-3.0 18 2.41 4.2 43.9 42.8 46.6
3.1-4.0 15 3.46 8.3 43.0 71.6 116.3
41-5.0 20 4.52 8.5 57.3 106.3 170.5
5.1-6.0 23 5.37 11.9 57.3 158.7 244.3

The relationship between the yield (y, t/ha) and the wet mass (x, g/100 plants) is
described by the equations:

Tillering stage: ~ y = 0.82 + 0.0201519x - 0.000021x?; r =0.75
Booting stage:  y =0.21 + 0.00958x - 0.000004x%; r=20.85
Flowering stage: y = 0.712 + 0.0052x - 0.000001x?; r=0.85

The relationship between grain yield (y, t/ha) and the quantity of dry matter (x, g/100 plants) in
different phases of winter wheat development is as follows:

Tillering stage: ~ y = 0.827 + 0.0993x - 0.000424x?; r =0.75

Booting stage: ~ y = - 1.14 + 0.0679x - 0.000190x?; r =0.80

Flowering stage:  y = 0.3453 + 0.01959x - 0.00002x*;  r =0.83

Based on the obtained experimental material, the harvest level was determined depending
on the amount of wet and dry mass accumulated in winter wheat in various stages of plant
development (Table 3).

Naturally, the compiled crop forecast is not absolute, but preliminary (approximate).
However, it can serve as one of the arguments in the adoption of certain technological or
managerial decisions in the process of growing culture.

New zoned winter wheat varieties are able to form high yields, provided that the nutrient
regime is optimized throughout the growing season. To do this, you need to have accurate
information about the size of the nutrients use by crops in different vegetation stages (Andries
2011). During different vegetation periods the winter wheat consumption unequal amounts of
nutrients from the soil (Table 4-6).

Fertilizers contributed to a more intensive use of nutrients from soil. So, in the tillering
phase, plants from fertilized variants consumption nitrogen 1.4-3.8 times, phosphorus 2.0-7.6
and potassium 1.6—2.8 more than the control ones.
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Table 3. The relationship between the wet and dry mass content andwinter wheat yield

Harvest level, t/ha Tillering stage | Booting stage | Flowering stage
Wet weight, g/100 plants
<3.0 <150 <350 <500
3.1-4.0 150-200 350-500 500-800
4.1-5.0 200-300 500-800 800-1200
>5.1 >300 >800 >1200
Dry weight, g/100 plants
<3.0 <25 <30 <150
3.1-4.0 25-40 30-50 150-250
4.1-5.0 40-55 50-70 250-350
>5.1 >55 >70 >350
Table 4. Nitrogen accumulation by winter wheat (average data for seven years)
Variant Hi%ZSt’ Spring tillering Booting Flowering | Full maturity
Nitrogen, kg/ha
No fertilizer 2.16 10.0 20.9 36.9 63.5
PsoKeo 2.53 13.9 30.8 50.4 77.8
NeoPsoKeo 3.05 22.3 37.6 67.6 93.5
N120Ps0Keo 3.62 22.3 50.1 86.0 117.7
N1g0PsoKeo 4.08 31.1 51.1 92.4 126.1
N240PsoKso 4.40 31.4 59.3 98.1 140.1
N300PsoKso 5.33 38.2 77.4 115.1 190.4
Nitrogen, % of maximum content
No fertilizer 2.16 16 33 58 100
PsoKeo 2.53 18 41 65 100
NeoPsoKeo 3.05 24 40 72 100
N120PgoKso 3.62 19 43 73 100
N150PsoKeo 4.08 25 40 73 100
N240PsoKeo 4.40 22 42 70 100
N300PsoKeo 5.33 20 40 61 100
Table 5. Phosphorus accumulation by winter wheat (average data for seven years)
Variant Hat%:St’ Spring tillering Booting Flowering mz;lljjlrli ty
Phosphorus, kg/ha
No fertilizer 2.16 2.0 5.9 13.1 20.0
PsoKeo 2.53 3.9 18.1 21.2 32.4
NeoPsoKeo 3.05 6.5 20.1 23.9 38.3
N120Ps0Keo 3.62 11.2 21.2 33.9 43.7
N1g0Ps0Keo 4.08 24.0 24.0 35.4 44.3
N240PeoKso 4.40 11.0 24.5 34.8 44.6
N300PeoKso 5.33 15.1 28.1 42.6 52.5
Phosphorus, % of maximum content
No fertilizer 2.16 10 30 65 100
PsoKeo 2.53 12 56 65 100
NeoPsoKeo 3.05 17 52 62 100
N120PsoKeo 3.62 26 48 78 100
N1g0PsoKeo 4.08 20 54 80 100
N240PsoKeo 4.40 25 55 78 100
N300P60K60 533 54 54 81 100

In the phase of biological maturity of grains, the difference in the consumption of
nitrogen, phosphorus and potassium between fertilized and control variants decreases and,
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respectively, makes up: 1.2-3.0; 1.6-2.6 and 1.3-3.1 times. In the spring - tilleringphase, plants
accumulate about 20% of nitrogen and phosphorus and 32% of potassium from their maximum
amount. Already to the booting phase, the wheat consumption from soilis about 75% of
potassium, 50% of phosphorus and 40% of nitrogen from total necessary. In the flowering phase,
plants consume the maximum (100%) quantity of potassium, 67% of nitrogen and 73% of
phosphorus (from total content).

In the period from flowering to biological maturity of grains, winter wheat uses a
significant amount of nitrogen (33%) and phosphorus (27%) from the soil to create a harvest.
These features in the mineral nutrition of winter wheat must be considered when developing a
fertilizer application system.

From the above data it is seen that the consumption of nutrition elements by winter wheat
outstrips the accumulation of dry matter. It is believed that plants in the first half of the growing
period accumulate nutrients in high concentrations, and then gradually spend them on the
formation of the harvest (Leah, 2018).

Table 6. Potassium accumulation by winter wheat (average data for seven years)

Variant Hi%?t’ Spring tillering Booting Flowering maFtLlerIi ty
Potassium, kg/ha
No fertilizer 2.16 16.6 37.5 48.1 40.7
PsoKeo 2.53 26.9 55.0 68.0 57.2
NgoPesoKseo 3.05 39.5 70.7 85.8 71.8
N120P60Kso 3.62 38.5 95.1 128.7 96.4
N1goPsoKeo 4.08 42.1 1175 153.6 107.6
Na40PsoKeo 4.40 425 126.4 179.5 118.3
Na3goPsoKeo 5.33 46.3 137.8 202.0 127.6
Potassium, % of maximum content
No fertilizer 2.16 34 78 85 100
PeoKeo 2.53 40 81 84 100
NgoPesoKseo 3.05 46 82 84 100
N120PsoKeo 3.62 30 74 75 100
N1goPsoKeo 4.08 27 75 70 100
Na40PsoKeo 4.40 24 70 66 100
N30oPsoKeo 5.33 23 68 63 100

From seedlings stage to entry in winter (crown root stage), wheat plant uses the least
amount of nitrogen per day - from 0.15 kg with a harvest of 2.15 t/ha, to 0.32 kg/ha with a
harvest of 5.33 t/ha of grains (Table 7). In the period from spring tillering to booting, the
consumption of wheat in nitrogen increases, and plants uptake 0.27 to 0.84 kg/ha of nitrogen
daily. The maximum amount of nitrogen falls on the period from booting to milk-wax maturity
phase of grain: wheat uses up to 1.69-2.61 kg/ha of nitrogen daily from the soil to form a harvest
in the amount of 4.5-5.5 t/ha.

Table 7. Nitrogen consumption by winter wheat, depending on the harvest level, kg/ha per day

Vegetative stages AERIE L T
25 g5 45 55
Seedlings - spring tillering 0.15 0.18 0.26 0.32
Spring tillering - booting 0.27 0.35 0.44 0.84
Booting - flowering 0.90 1.47 1.69 2.61
Flowering - fullmaturity 0.70 1.19 1.60 2.76

The chernozems of Moldova during this period are able to mineralize and supply 0.8-0.9
kg/ha of nitrogen to plants, or 1.8-3.2 times less than the consumption (Andries, 2007).
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Therefore, the optimization of nitrogen nutrition of winter wheat during the period of intensive
consumption determines the level of yield and its quality.

CONCLUSIONS

The features of dry matter accumulation and nutrients consumption by winter wheat in
various periods of vegetation are revealed. In the phase of spring tillering, winter wheat
accumulates about 6-9% of dry matter. From the tillering phase to the booting phase, plants
synthesize about 10% of the organic mass. The greatest amount of dry matter - about 80% of the
total - winter wheat accumulates during the period from the booting phase to milk-wax maturity
of grain.The principles of biomass synthesis at different yield levels are the same, with the only
difference being that the formation of higher yields, the accumulation of dry matter occurs more
intensively. Fertilizers had a significant positive effect on the intensity of the formation of
organic matter. On fertilized variants, dry matter accumulated 1.3-3.3 times more, as a result of
which the grain yield also increased. A close relationship has been established between
productivity and the amount of organic mass accumulated in winter wheat in various phases of
development. Regression equations are derived that allow one to calculate the expected yield
from the crops state in the tillering, booting and flowering phases of plants.

It was revealed that winter wheat during different periods of vegetation uses an unequal
amount of nutrients from the soil, the consumption of nutrients outstripping the accumulation of
dry matter. In the spring tillering phase, plants accumulate about 20% nitrogen and phosphorus
and 32% potassium. In the booting phase, wheat uses about 75% potassium, 50% phosphorus
and 40% nitrogen from the soil. In the first half of the growing season, plants use the required
(100%) amount of potassium, 67% nitrogen and 73% phosphorus. In the period from flowering
to biological ripeness of grain, winter wheat consumes still a significant amount of nitrogen and
phosphorus from the soil - 33 and 27%, respectively.

Fertilizer also contributed to a more intensive (1.4-3.8 times more) use of nutrients from
the soil. The most intense nitrogen consumption of winter wheat per unit of time falls on the
period from booting to milk-wax maturity of grain. During this period, wheat uses 1.7-2.6 kg/ha
of nitrogen daily for the formation of 4.5-5.5 t/ha of grain. The optimization of the nitrogen
nutrition of winter wheat during this period determines the level of yield and its quality.

The forecast for winter wheat nitrogen consumption at different periods of their growth
and development, depending on the planned yield of a given quality, that will be used in
calculating the doses of nitrogen fertilizers for the purpose of their economical use and
prevention of environmental pollution by nitrogen compounds.
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Abstract. Some regularities of the content and profile distribution of trace elements in the northern and
southern chernozems are presented. Chernozems of the north zone contain more trace elements, than in
the south of Moldova. Also loamy-clayey chernozems are richer in copper, zinc and cobalt. The
correlation coefficients showed the existence of relationship between the content of cobalt, nickel, copper,
zinc, on the one hand, and the content of silt and humus, on the other. No correlation was found between
cobalt and silt in chernozems. The total arable area by the degree of assurance "low" and "very low" of
Mn, Zn and Cu is 32- 56% from agricultural land fond.

Key words: accumulation, chernozems, content, distribution, trace elements.

INTRODUCTION

Despite a rather long history of studying the trace element problem in the biosphere, the
current state of knowledge has to be characterized only as a superficial touch on this problem. A
lot of factual data has been accumulated on the levels of trace elements in various components of
the biosphere, on the response of living organisms to their deficiency or excess, special methods
have been developed for analyzing small amounts of elements, maps of biogeochemical zoning
and biogeochemical provinces have been compiled. Despite this, there is no general theory
regarding functions, mechanisms of influence and the role of trace elements in the biosphere
(Tpouuxkwuii, 1969).

Many rare and scattered, trace elements play an important role in the life of plants,
animals and humans. Virtually the only source of trace elements for plants is soil. There are a
"close relationship between the presences of traces elements in soils and the normal life of plants
and animals" (Trace elements..., FAO). A number of migration regularity and geographical
distribution of trace elements in soils have been established and significant materials on this
issue have appeared (Bunorpanos, 1957; Koanbckuii, Auapuanosa, 1970; Bepnaackuii, 1980;
Kab6ara-ITenauac, 1989; Unwsun, 1991; Opnos, 1992, et al.).

In Moldova, experiments were conducted to determine the effect of microelements (zinc,
copper, molybdenum, boron), mainly in the form of root treatment fertilizers, on the yield and
quality of grapes, sunflower, corn and legumes (Kpynenukos, 1967). In contrast, there are quite
a lot of data on trace elements in soils of Moldova. In recent decades, publications have appeared
that provide extensive material on the content of total and mobile forms of many trace elements
in chernozems, forest, floodplain meadow and saline soils in the Dniester-Prut interfluve
(CtpuxoBa, 1967; Toma,1973; Toma et al., 1980; lanunos, 1982; JIsax, 199; Kupumtok, 2006;
JIsx, 2014, et al.).

The purpose of this study is to determine the content and profile distribution of some
trace elements in the main subtypes of chernozems from Moldova. For research, soil profile of
200 cm and more, were taken, in which the total and mobile forms of copper, zinc, nickel, cobalt,
manganese were determined.

MATERIAL AND METHODS

The investigated soils are some subtypes of chernozems from the north and south of
Moldova. The soil samples were collected from layers up to a depth of 200 cm and more. The
trace elements in soil samples were determinate by atomic absorption spectrophotometer -
AAS 1. The total forms of microelements were determinate through classic methods of
desegregations with hydrofluoric acid in combination with sulphuric acid. The mobile and
accessible forms were determinate in CH;COONH, solution - pH=4, 8.
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RESULT AND DISCUSSIONS

The accumulation, absorption and fixing the main quantity of trace elements takes place
in soils, and the main role here is played the humus layer as a kind of biogenic screen stand out.
The upper horizons of chernozems are distinguished among other soils by a high biogenic
accumulation of trace elements.

The regularity in the content of trace elements is manifested in their accumulation in the
upper horizons, most noticeable in typical and leached chernozems of the north of Moldova. The
chernozems of the south part are poorer in trace elements, especially in zinc and nickel, and their
accumulation is weaker. The chernozems compacted are extremely rich in copper (more than 80
mg/kg) and cobalt (13 mg/kg) and are poor in zinc.

The calculated correlation coefficients showed the existence of relationship between the
content of cobalt, nickel, copper, zinc, on the one hand, and the content of silt and humus, on the
other. No correlation was found between cobalt and silt in chernozems; this is explained by the
fact that cobalt is concentrated not only in the form of silt, but also in other particle size
fractions. In parent rocks, the relationship between cobalt and nickel, cobalt and silt, nickel and
silt, copper and silt is quite close and noticeable

For individual profiles, it is difficult to judge the migration of elements. Mathematical
processing showed that for copper, zinc and nickel, the variation was moderate (= 30-40%), and
for cobalt it was greater (about 60%). The average value of zinc in the upper horizon, equal to 48
mg/kg, is very close to the average value established by Bunorpazos (1957) - 50 mg/kg.

Table 1. The total content of trace elements in the chernozems of northern Moldova, mg/kg

Depthhecm | Mn | Zn | Cu | Co | Ni
Chernozem Typical, light-clayey
0-20 1200 20 23 4,0 18
40-50 1000 20 29 4,0 20
90-100 900 24 26 39 15
140-150 800 20 31 51 13
Chernozem Typical, clayey-loamy
0-20 1300 84 63 4,6 42
40-50 1200 78 67 5,0 30
90-100 1100 58 45 55 21
190-200 1500 64 46 4,5 22
Chernozem Leached, light-clayey
0-20 1300 23 23 8,0 12
30-40 1900 21 30 4,0 16
170-180 1400 20 30 3,8 17
190-200 1500 23 28 4,4 15
Chernozem Leached, clayey-loamy
0-20 1400 75 63 3,8 38
30-40 1300 35 46 3,6 25
70-80 1200 27 41 3,0 19
190-200 1100 21 49 5,0 23
Chernozem Podzolic, clayey-loamy
0-20 1800 58 20 7,0 17
30-40 1600 59 29 14,0 35
50-60 1500 61 24 9,0 20
70-80 1800 59 23 8,0 47
100-110 1900 59 22 10,0 24
140-150 900 55 23 12,0 27
180-190 1100 56 25 14,0 30
Content limits in Moldovan soils (Kupuniox, 2006)
ma/kg | 150-2250 | 10-166 | 2-400 | 4-18 | 5-75
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Table 2. The total content of trace elements in the chernozems of southern Moldova, mg/kg

Depthhcm | ™Mn | Zn | Cu | Co | Ni
Chernozem Carbonatic, silty-loamy
0-20 1200 54 29 4,9 28
30-40 1300 32 20 4,7 21
50-60 1100 26 25 5,8 18
120-130 1100 41 31 57 28
190-200 900 49 41 9,7 24
Chernozem Carbonatic, light-clayey
0-20 1700 40 41 4,1 24
30-40 1300 37 36 2,6 22
90-100 1200 36 30 4,5 14
190-200 2000 27 24 3,6 12
Chernozem Ordinary, clayey-loamy
0-20 1300 20 53 4,0 17
40-50 1200 28 39 3,6 12
80-90 1100 20 54 6,0 11
190-200 1000 23 31 4,2 14
Chernozem Ordinary, light-clayey
0-20 700 53 37 2,6 30
50-60 1000 50 20 4,2 26
90-100 1500 44 24 4,6 18
190-200 1500 41 28 5,0 14
Chernozem Xerophytic-forest, loamy
0-20 1300 48 42 4,9 19
30-40 1200 44 35 55 18
90-100 900 39 29 3,6 14
200-210 1000 41 28 5,8 14
Chernozem Vertic (compacted), natural
0-20 800 32 81 13,0 21
40-50 1000 31 69 11,0 15
90-100 1000 30 70 10,0 14
190-200 800 42 79 13,0 20
Content limits in Moldovan soils (Kupuniox, 2006)
ma/kg | 150-2250 | 10-166 | 2-400 | 4-18 | 5-75

Chernozems of Moldova are very rich in copper (X = 34.6 mg/kg). In nickel and cobalt,
there is a great coincidence with other chernozems (Ni - 30 mg, Co - 5 mg), but the average by
Vinogradov (1957) data for these elements are higher (Ni - 40 mg, Co - 8 mg).

As for the biological accumulation (Ac — accumulation coefficient) of trace elements in
the upper horizon of the chernozems of Moldova, it is most pronounced for zinc (Ac = 1.54) and
weaker for nickel (Ac = 1.35) and copper (Ac = 1.21). Soils are depleted in cobalt (Ac == 0.7).

The absolute values of mobile forms of microelements in the chernozems of Moldova are
as follows: copper - 0.7 mg, zinc - 1.5 mg, cobalt and nickel - 0.5 mg/kg. This is not so much, in
addition, the depletion of the upper horizon by the mobile forms of copper, zinc and nickel is
noteworthy, in comparison with the rock, Ac for them is about one (Table 3).

At the moment, the developed gradations of trace elements do not have much practical
significance, since due to the economic situation of Moldova, micronutrient fertilizers are
practically not introduced and micronutrients do not accumulate. Amid the lack of nitrogen and
phosphorus fertilizers for cultivated plants, the introduction of trace elements in soils will not be
effective.

This is due to two reasons: leaching of some trace elements to the lower soil layers of and
prolonged removal of cultivated plants.
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Table 3. The average content of trace elements in the chernozems of Moldova
(*soil layer 0-50 cm / **soil layer 150-200 cm)

Traceelement | n | Max | Min | X | o [ +#m | V% | Ac
Total content, mg/kg
33* 57 12 346 138 238 40
Copper 15+ | 49 9 28.8 95 245 | 33 | 14
Zinc 38 88 20 48 18.1 291 38 154
15 64 18 31 148 3.83 48 :
. 32 48 12 27.4 9.4 1.66 34
Nickel 11 30 12 107 6.0 176 | 30 | L
16 14 2.6 4.8 2.7 0.70 55
Cobalt 11 14 3.6 6.8 4.0 1.17 59 0.70
Moabile forms, mg/k
Coboer 33 125 | 0.30 0.68 027 | 0.045 | 40 0.60
PP 14 189 | 055 113 042 | 0114 | 37 :
i 22 212 | 0.75 153 042 | 0.090 | 28 0.62
11 2.88 1.23 1.85 059 | 0178 | 31 :
. 35 128 | 0.05 0.54 032 | 0.054 | 59
Nickel 19 232 | 0.9 0.83 065 | 0.149 | 78 0.65
Cobalt 30 131 | 026 0.55 023 | 0.042 | 42 L 14

17 0.87 0.19 0.48 0.17 0.041 35

We have a lot of data on manganese content in soils that show its accumulation in the
upper layer (Table 1, 2). The manganese content is in limits of 1000-2000 mg/kg and more than
average - 850 mg/kg (according to Bunorpaznos, 1957).

The trace elements for which there is sufficient material, the reserves in the 0-50 cm soil
layer are calculated for the chernozem groups of Moldova (Table 4)

Table 4. Average reserves of total (1) and mobile (2) forms of trace elements
in chernozems of Moldova, 0-50 cm, mg/kg

Copper Zinc Nickel Cobalt

Chernozem group 1 2 1 2 1 2 1 2

Chernozems of the north -

typical, leached, podzolic 340 > 390 11 200 > 12 08

Chernozems of the south -

carbonatic, ordinary, xerophyto-forestry 210 6 230 1 130 S 20 10

Chernozem vertic (compacted) 410 9 170 12 90 7 10 06

The use of mineral fertilizers, pesticides, growth stimulants and other pesticides is
increasing. A significant drawback of many chemicals is the presence in them of concomitant
ballast substances and toxic elements. With the systematic application of fertilizers in high doses,
ballast elements can accumulate in soil in significant quantities, adversely affecting its properties
and fertility, crop and its quality, migrating to groundwater.

Agricultural soil research has shown that the total arable area by the degree of assurance
"low™ and "very low" of Mn is - 55.7%; Zn - 32.1%; Cu - 50.4% from agricultural land. Soils
occupied by perennial plantations differ slightly from the arable land on the content of Mn and
Zn. The area of land with low content of Mn in the North and Central areas constitutes 68.6%
and 44.7% in southern part of Moldova. According to low and very low content of Zn the surface
soil with perennial crops consists: in the North — 72.6%; in the Center - 69.5%; in the South -
over 72%. The content of mobile Cu in the soils occupied with perennial plantations in the North
is 26.7% (moderate content) and 21% - (high content) of the investigated area. The area of land
with low and very low content of Cu is 61%. In the Center part, the area of land with high
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content of Cu is 65%, moderate-25.1%; low - 9.8% from total area (Burlacu, 2000). Soils in the
South occupied by perennial plantations have a high content of mobile copper. The surface of
such land constitutes 62.7% of total area. Lands with moderate content of Cu consist 23.6% and
low content - 13.7% (Table 5).

Table 5. The average content of trace elements in the chernozems of Moldova
(A - arable and P - perennial plantation)

Traco Content of trace elements, mobile forms, mg/kg _
Zone element Very low Low Moderate High
A P A P A P A P

Mn 23.1 32.5 356 | 36.2 | 273 19.9 14.0 11.3
North Zn 3.5 3.0 69.1 | 55.0 | 241 39.5 3.3 115
Cu 43.9 23.7 37.3 | 286 | 15.8 26.7 3.0 21.0
Mn 32.6 29.7 40.0 | 39.0 | 19.0 24.2 8.4 7.0
Center Zn 13.3 3.9 656 | 525 | 17.6 32.9 35 10.8
Cu 9.3 2.4 21.6 7.4 37.6 25.1 315 65.0
Mn 9.4 13.7 265 | 31.0 | 326 33.2 315 22.1
South Zn 15.5 5.7 56.9 | 422 | 174 30.9 10.2 21.2
Cu 15.7 4.2 23.3 9.5 30.6 23.6 30.4 62.7
Republic of Mn 21.7 25.3 340 | 354 | 263 25.8 10.9 135
Moldova Zn 10.8 4.2 21.3 | 499 | 197 34.4 5.7 145
Cu 23.0 10.1 274 | 152 | 28.0 25.1 21.6 49.6

Increased copper content in soils occupied with perennial plantations has been
determined by the systematic use of copper preparations used to protect orchards and vineyards
of the disease. Thus, agrochemical research results show that soils of Moldova are characterized
by a low content of manganese, zinc and copper, especially in arable soils. Therefore, in order to
optimize the mineral nutrition of crops and obtain higher quality crops it is necessary to apply
rational micro fertilizers. Doses vary in dependence of the content of mobile trace elements in
soils, application norms of the organic fertilizers and physiological features of each culture
(Leah, 2010, 2012).

The total area of land with a very low and low trace elements content that require
optimization are: manganese — 1.091,3 thousand ha - 55.9%; zinc — 1.376 thousand ha - 70.5%;
copper — 917,4 thousand ha - 47.0% of the agricultural area of 1.952,4 thousand hectares.

The need to study the content and profile distribution of trace elements in chernozems at
the ecosystem level is not in doubt, since it is this approach that allows solving environmental
regulation issues that are of priority importance for the protection of natural systems.

CONCLUSIONS

1. The chernozems of the north part of Moldova is about one and a half times richer than
the chernozems of the south with gross copper, zinc, nickel and cobalt. The compacted (vertic)
chernozems are very rich in copper and cobalt, but poorer than all other soils with zinc and
nickel.

2. There are no significant differences in the reserves of mobile forms of trace elements
between soils (especially chernozems), and only the compacted soils contain an increased
amount of mobile zinc and copper.

3. In all subtypes of chernozems, the accumulation of trace elements is strongly
expressed, which serves as an indicator of the activity, and in some cases, the duration of the soil
formation process; For some elements, their accumulation coefficients in the upper soil horizons
were obtained.

4. The total arable area by the degree of assurance "low" and "very low" of Mn, Zn and
Cu is 32- 56% from agricultural land fond. Soils occupied by perennial plantations differ slightly
from the arable land on the content of Mn and Zn.
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CEKBEHTHI)II:/I XAPAKTEP HEPHO3EMHBIX ITIOYB
OJHOJIECCOBOU TEPPACHI PEKH CEBEPCKHU JOHEILL

Burammii JEBE/Ib
HannonanbHbIM HaydHBIH HEHTP «HCTUTYT TOYBOBEACHUS U arPOXUMHH HMEHHU
A.H. CokonoBckoroy, yi. YaiikoBckas 4, r. XapskoB, 61024, Ykpauna
e-mail:swdiscover@gmail.com

Abstract. The sequential nature of the soil cover of the one-loess terrace is shown, which is naturally
consistent with the relief features and proximity of the pine forest terrace. The influence of natural
barriers in the form of relief forms on the course of the soil formation process and the development of
soils with different characteristics has been established. Topokaten schemes and a soil cover map of the
territory of the one-loess terrace were built.

Key words: one-loess terraces, sequence, topocatena.

BBEJAEHHME

OpHoneccoBble Teppachl 0Oojee MOJOJbIe IO BO3PACTy B CPAaBHEHUH C JIPYTHMH
JECCOBBIMH M SIBIIIOTCS. TIEPEXOJHBIMH MEXIy IepBOM HaanoWMeHHOH (OopoBoi) u
JIBYXJIECCOBOM TeppacaMu. EJIHWHCTBEHHBIM JIECCOBBIM CIIOM pa3IMYHOM MOIIHOCTH 37ECh
MOKPBIBAET JPEBHHUE AJUTIOBUAJIBHBIE MECKH, NTO3TOMY Ha OJHOJIECCOBOW TEPpPACE €CThb MHOIO
dbopMm Mukpopenbeda, yHaCIEAOBaHHBIX OT MPEIbIAYIIEro 3Tana (GopMUpPOBaHUS, YTO MOBIHSLIO
Ha OCOOCHHOCTM TIOYBOOOpa3oBaTelibHOrO  mpoiecca. [louBeHHBIH  MOKPOB  Hayal
dbopMupoBaThCA Ha CiO€ Jecca IMOCie MOCIETHEr0 OJECHEHUs, OKOIOo 12 ThICc. JeT Ha3aja B
nepuoy royornena. CtpoeHue mpouiIst U CBOMCTBA MOYB OJHOJICCCOBBIX TEppac OMPEIEISIFOTCS
011M30CTHI0 OOPOBOI TEPPACHI C JIECHOI PACTUTENHHOCTHIO, CPABHUTEIBHO HEBHICOKMM YPOBHEM
TPYHTOBBIX BOJl, HErayOOKHMM TMOJCTUJIAHUEM TIeCKaMH. 3JeCh TMPOSBISIETCS 3aKOH
CEKBEHTHOCTH, IpPU KOTOPOM U3MEHEHHEe (PAKTOPOB MOYBOOOpa3OBaHUA BEAET 3a COOOM
MPOCTPAHCTBEHHOCUEPEIOBAHUE II0YB. IJTO BBI3BIBACT IECTPOTY IIOUYBEHHOTO TIIOKPOBA H
00yCIIOBJIMBAET MOJIUTEHETUYECKUN XapaKTep MOYB.

[lens pa®OThI — yCTAaHOBJIEHHWE BIUSHHS CEKBEHTHOCTH Ha PACIPOCTPAHEHHE IOYB B
Ipeienax oJlHoJIeccoBOM Teppacsl peku CeBepckuil JloHer.

MATEPHUAJIBI 1 METO/1bI

HccnenoBanre NpOBOJMWIIOCH Ha OJHOJECCOBOM, M B KadecTBE KOHTPOJS, Ha JBYX
neccoBoit Teppacax peku CeBepckuii Jlonerr XapbKOBCKOM 0071acTH.

3aj0XKeHue MOYBEHHBIX Pa3pe3oB U OTOOP MpoO OCYLIECTBISUIUCH B COOTBETCTBUM C
JACTY 4287:2004, onucanue mopdomoro-renernueckoro npoduns mous — JACTY 7535:2014
[1]. Kaxnslit pa3zpe3 Obl1 MpHBsi3aH B cUCTeMe reorpauueckux KOOpAMHAT C IMOMOIIBIO
npubopa crnyTHHUKOBoro reoonosunuonupoBanusi (GPS). Bcero 3amoxxeno 8 pa3pe3oB Ha
pa3IMYHbIX MTOYBAX.

JlmarHoCTHpOBaHWE TIOYB MPOBOAMIOCH TIO MOP(OIOrO-TEHETHYECKOMY CTPOCHHIO
npodwiis, TakXKe HUCMONb30BATMCH TOJIYYEHHBIE paHee JaHHble 10 YCTaHOBJICHUIO
KJIAaCCU(UKALMOHHON NPUHAJIEKHOCTH 1MoYB. VX0l M3 MOIIHOCTH T'yMYCHPOBAHHOM 4acTH
npodmwis BO BCTPEYAIOIIMXCS PAa3HOBUIHOCTAX IIOYB IOCTPOEHBI CXEMbl CEKBEHTHBIX
NIePEX0/I0B.

s oToOpaXkeHus yCTAaHOBJIEHHBIX 3aKOHOMEpPHOCTEH ObLIa co3aHa KapTa MOYBEHHOTO
MIOKPOBA UCCIIEAYEMON TEPPUTOPHH.

PE3YJIBTATBI 1 OBCYXKIEHUSA

Ha onmHomeccoBsIx Teppacax BCTPEUYAIOTCS pa3IMyHble KOMOMHAIIMH ITOYBOOOPA3YIOIINX
MPOIIECCOB, BIUSIOMMNE Ha (QOPMUpPOBAHWE TIECTPOrO IOYBEHHOTO IOKpoBa. Bce mOuBHI
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CHOCOOHBI BOCIIPUHUMATh BIMSHUE (PAKTOPOB IMOYBOOOPA30BAHMS M OTpa)xkaThb 3TO BIHUSHHUE B
CBOMX CBOWCTBaX (pedJIeKTOPHOCTH), a TaKXKEe H3MEHSIOT CBOM CBOMCTBA BO BpPEMEHH U
IPOCTpaHCTBE (CEHCOPHOCTH). B cBOIO 0Yepenb, BCe MOUBHI MOAUMHSIOTCS 3aKOHY CEKBEHTHOCTH
— HAaNpaBJICHHOW IIOCJIEI0BATEIbHOW CMEHE TOYB NPH IOCIEIOBATEIbHON cMeHe (akTopoB
no4yBooOpazoBanus [3]. D10 mposiBisieTcss B (opMe TONOKATEHBI, JUIS KOTOPOH XapaKTEePHBI
n3MeHeHne (HaKTOpOB IOYBOOOpPA30BaHUS B aOCTPAKTHOM HKOJOTHYECKOM MPOCTPAHCTBE U
00yCJIOBJICHHOE 3THUM YepeI0BaHHE NTOYB B pealbHOM I'eorpapuuecKoM IpOCTPAHCTBE.

Ha nayanbHOM 3Tame paGoThl ObLI MPOBEIEH aHAJIN3 APXMBHBIX MOYBEHHBIX KapT Ha
npuMepe oJiHoJIeccoBoi Teppackl p. CeBepckuii Jlonen. Ha kaprax ObUM BBIACIEHBI YEPHO3EMBI
OOBIKHOBEHHBIE, UYTO MPOTUBOPEUUT 3aKOHY 30HANBHOCTH s Jecoctenu (puc. 1). Ilpum
JNANBbHEHIINX HUCCIENIOBAaHMIX JaHHOW TEPPUTOPHH JOKA3aHO HAJIM4YHe 3/IeCh YEPHO3EMOB
ONOA30JIEHHBIX [3].

I

//4")/'/)/////»7//////‘

%

Puc. 1 ®parmMeHT apXMBHOM OYBEHHOH KapThl ¢ Y€PHO3EMaMU OOBIKHOBEHHBIMH

Cnenytomum 3TanmoM paboThl OBLTO 3allJIAHUPOBAHO HM3yYEHUE TOMOKATEHBI st
YCTAaHOBJIEHHSI CEKBEHTHOTO XapaKTepa IOYBEHHOI'O IOKpOBa OJHOJIECCOBOM Teppachl. Tak,
ObLTM BBIOpaHBI JIBa paiioHa, B OJHOM M3 KOTOPBIX MpUCYTCcTBYeT nonunHa p. Cyxoi bypayk.
Bbuto pemeHo mpocieauTh BIUSHHE TAaHHOTO TeoMOpP(OIIOTHYECKOTOo 3JIeMeHTa Kak (akTtopa
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noyBooOpazoBanus. Ilocne mpoBeneHUss TOJEBBIX pabOT OBUIM  MOCTPOEHBI  CXEMBI,
OTOOpaKAIOIIUE TUITBI TTIOYB U MOITHOCTh TYMYCUPOBAHHOTO MPOGUIIS ¢ yIajJeHueM OoT 00poBOi
Teppacsl (puc. 2,3).

B mepBom ciydae, mpu OTCYTCTBUHU BBIPAXCHHBIX B peiibede MPUPOIHBIX Oapbepos,
6mu30cTh OOPOBOM Teppachkl Kak OKas3bIBaJla HEMOCPEICTBEHHOE BIUSHHE Ha (HOpMHUpPOBaHUE
MOYB Ha OJIHOJIECCOBOWM Teppace (puc. 2). YMEHBIICHHWE MOIIHOCTH NpOQHIsT YePHO3EMHO-
JYTOBBIX M JIyTOBO-YEPHO3EMHBIX II0YB CBSI3aHO C TIPOLIECCOM OMOJ30JIMBAHUS IIPH
NEPUOJINICCKOM ITOCEJICHUH JICCHOW PAaCTHUTEIBHOCTH, B MPOIUIbIC OJArOMpHUSATHBIC JUIS 3TOTO
KIUMaTtudeckue mnepuoapl. [lo 3Toil ke mnpuuynHE 37ech pPacHpOCTPAHEHBI OMOA30JCHHBIC
YEpPHO3EMbI BMECTO THITHYHBIX.

[ByxneccoBas Teppaca

M OpHoneccoas Teppaca Sl
1101 - 4.0. |
182' Boposas Teppaca %0 T 125¢cm

| o1 |

95! = 100 cm

110 cm

90! e —— 90 cm

Puc. 2 Tonokatena 6e3 npupoaaoro 6apbepa (1) (4.1, - 4epHO3EMHO-IYTOBBIE, JI.Y. - JTyTOBO-
YepHO3EMHBIE, U.0 - YSPHO3EMBbI OTOI30JICHHBIC, U.T. - YSPHO3EMbI TUITHYHBIC)

Jlpyrasg TomokaTeHa II0Ka3blBAE€T H3MEHEHMsS B YEpPEJAOBAaHMM IOYB IPU HAIUYUU
npupoaHoro penbeduoro 6aprepa (puc. 3). Tak, MOIIHOCTH BCEX MOYB BO3PACTAET, @ BMECTO
OIO/30JIEHHBIX IPUCYTCTBYIOT TUITUYHBIE UEPHO3EMBI.

[ByxneccoBas Teppaca

M
110! OpHoneccoBas Teppaca 4.T.
| Y.T. [
e BopoBas Teppaca n.u. —
100 4.0, ul 130 oM
95; ' : 125 cm
o ~/ [120cm 140 cm

p. Cyxow Bypnyk

Puc. 3 TonokareHa ¢ npupoaHbIM OapbepoM (2) (4.J1. - 4epHO3EMHO-TYTOBBIE,
J.Y. - TyTOBO-YePHO3EMHBIE, U.T. - YUSPHO3EMbI TUITHYHBIC)

Crenyer 3aMeTHTb, UTO penbed UMeeT KOCBEHHOE OTHOIIEHHE K U3MEHEHHUIO TOYBEHHBIX
xapakrepuctuk. [Jomuna p. Cyxoit Bypiyk BbICTymaer ckopee Kak THApPOJIOro-00TaHHYECKHI
Oapbep, KOTOPBIA MPENSATCTBYET PACHPOCTPAHEHUIO JIECHOW PACTHUTENHLHOCTH HAa TEPPUTOPHUIO
OJIHOJIECCOBOM Teppachl.

s oToOpakeHHsI YCTaHOBJICHHBIX PA3HOBUIHOCTEH TOMOKaTeH ObLia co3/laHa Kapra
MMOYBEHHOTO TIOKPOBA TEPPUTOPUHN OTHOJIECCOBOM Teppachl (puc. 4).

170



- qepHO3eMbI TUNUYHbIE

860 YepHosembl onoasoneHHbIe
[n-4.]  JlyroBo-yepHO3eMHbIE NOYBbI

- [epHoBble 0noa30MeHHbIe NOYBbI B KOMMNNEKCe
C YeDHO3eMHO-NVroBbIMU

Puc. 4 Kapra mouBeHHOr0 OKpoBa 0HOJIECCOBOI TEppackl U TOMOKATEHHI Oe3npupogHoro daprepa (1)
1 ¢ HUM (2)

BbIBO/IbI

Ha ¢gopmupoBanue mnous BIUSIOT (QakTOphl MOYBOOOPA30BaHUS, KOTOPHIE NEHCTBYIOT B
a0CTPaKTHOM JKOJIOTMYECKOM MPOCTpaHCTBE. HampaBlieHHOCTh WX WM3MEHCHHH ITOAYUHSCTCS
3aKOHY CEKBEHTHOCTH, B pe3ylbTaTe JeHCTBUS KOTOPOTO CYIIECTBYET OIpeieseHHas
MOCJIEIOBATENBHOCT TI0YB B TeorpauecKkoM TPOCTPAHCTBE — TOIMOKaTeHa. B pesymbrare
MCCIIeIOBaHMs ObUIO YCTaHOBJIEHO BIUsHUE (popMm penbeda Ha pacmpoCTpaHEHHE MOYB U HX
XapaKTepUCTUKU. Tak, Py HAJTWMYUHU JOJTUHBI PEKU MEXTY OJTHOJIECCOBOW M OOPOBOM TeppacaMu
JIeCHasl paCTUTENBHOCTD MOCIEAHEH He MOKET MPEOA0JIEeTh JaHHBINA MPUPOAHBII Oapbrep. OxHaKO
IpH OTCYTCTBUU TaKWX TIPErpaj B COBOKYITHOCTH C OJArOMPHSTHBIMH KIMMATHYECCKUMHU
YCIOBUSIMU Ha OJHOJECCOBONTEppace (OPMHUPYIOTCS OIMOA30JIEHHBIE 4YepHO3eMbl. B CcBOIO
ouepenb JIyrOBO-U€PHO3EMHBIE M YEPHO3EMHO-JIYTOBBIE TIOYBBI TAKXKE IMOIJAOTCS IPOIECCaM
OTOJ30JIMBaHUA. BBISBICHHbIE 3aKOHOMEPHOCTH CEKBEHTHOTO  XapakTepa JIeHCTBYIOT
MPAKTUYECKH IMOBCEMECTHO, B PA3HBIX KOMOWHAITUSX ITOYB, 3aBHUCHMO OT Habopa (aKTOpoB
MOYBOOOPA30BAHMS U UX MPOCTPAHCTBEHHOTO paclpeaeNieHusI.
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JIUATIA30H JEVCTBUSI CAITPO®UTHBIX TUA30TPO®HBIX
BAKTEPUH B IOYBEHHO-PACTUTEJIbHBIX
B3AUMOOTHOIIEHUAX

Haranusa TEMAHOBA, Copusa BEJIUKCAP
Nuctutyt ['enetnku, uznonoruu u 3amuThl pacTeHUd MoJi10BbI,
2060, [aypuii, 26/2, Kumuues, e-mail: lemanova@list.ru

Abstract. Bioactive compounds of bacterial strains Pseudomonas sp., Azotobacter sp., isolate from
soil, used for pre-treatment of seeds, cuttings before sowing, planted and pulverization of plants in time
of vegetation significantly improved production and crop quality of vineyard and sugar beet.

Key words: bacterial strain, metabolites, grow stimulation.

BBEJAEHHME

B nocneanue roapl Bce Oolibliiee paclpoCTpaHEHHE HAXOAUT IKOJIOTUYECKOE CEJIbCKOE
XO035ICTBO. DTO OOYCIIOBJICHO TMOBBIMICHHEM IMOTPEOUTENBCKOTO CIpOca Ha TapaHTUPOBAHHO
Oe3omacHyr0 mpoaykuuioo. HeynoBieTBopUTeIbHOE KayecTBO, CHIDKEHUE —YPOXKANHOCTH
pacTeHuil MOTyT OBITh CBS3aHBI CO CHH)KCHHEM IUIOJOPOAMS MOYBBL JlnuTenbHOE C/X
UCIIOJIb30BaHUE YEPHO3EMOB CIIOCOOCTBYET HApaCTaHHWIO YCJIOBHM aKTHUBU3ALUU TyMYcC-
paspymaronieii MUKpo(IOopbl C BO3pacTaHUEM J0JU (UTOTOKCHYHBIX BUIOB. (OcnabeBaer
KOHKYPEHILIMS ¥ AaHTaroHUCTUYeCKas aKTUBHOCTh  MPUPOJHOTO OMOIIEHO3a, MUTATeNIbHas
[IEHHOCTh MPUPOTHBIX cyOcTpaToB. [louBoBegamMu ycraHoBIeH (DakT BBIpa)KEHHOW Jerpajaluu
MOYBEHHOTO TMOKpoBa Pecnybnmuku MonnoBa. JmuTenbHOe HUCHOIB30BaHHE MHUHEPATbHBIX
ynoOpeHuit mpuBoaAUT K MuHepanuzauu 10-27% a3zoTa, CHUKEHUIO €0 COJEpPKaHus B TIOYBE,
HeoOecrneueHHOCTH UM pacteHuid (Bacrotun, 2014). B cBsi3u ¢ 3THM NpEACTaBISIET  HMHTEPEC
NPUCYTCTBHE B pu3ochepe pacTeHHH a30THUKCUPYIOIINX AMAa30TPOQHBIX Oakrepui. OOmme
MaciTadbl OMOIOTUYECKOW (PUKCAIIMU a30Ta Ha IUIAHETEe COCTaBISIIOT 175 — 324 MIH. TOHH B
roJi, YTO MPEBOCXOAMUT BKJIAJ B arpoMpOU3BOJICTBO XUMUUYECKUX ynoOpenuii (Mepentok, 2009).
[ToBpicUTh, MOTEHIMAN a30T(HUKCALUMBO3ZMOXKHO Onaronapss HWHOKYJISIUU  AKTUBHBIMU
mTaMMaMyd  TTOYBOOOUTAIONMIUX  Canpo@UTHBIX AMa30TpOGHBIX OaKTepuil IMOCEBHOTO U
[OCAJI0YHOTO MaTepuana: CeMsH 3€pHOBBIX, OBOIIHBIX, TEXHHUYECKHUX KYJIbTYp, UYEPEHKOB
BEreTaTHBHO PAa3MHOXKAEMBIX TIOPOJ, M HEKOPHEBBIMH OMNPBICKUBAHUSAMHU BETETUPYIOMINX
OpPraHOB MHOTOJIETHUX KYJIBTYD.

Bricokass CTOMMOCTh DHEPreTHYECKHMX U CHIPBEBBIX PECYPCOB JUISI TMPOU3BOACTBA
MUHEPATBHBIX yIOOpEHUN U TECTHIMIOB HWHHUIMHPYET TOUCK aJbTEPHATUBHBIX CHUCTEM
BBIpAIIMBaHUs pacTeHWid. Bo MHOTMX CTpaHax COKpAIlaloT pacxo]] MUHEPAIbHBIX TYKOB,
M3BICKMBAIOT MYTH MOOWIM3AIMKM MUTATeNbHBIX 37eMeHTOB P u K, comepxkammuxcs B camMoii
MOYBE, 332 CUET MPUMEHEHHS IITaMMOB ITOYBOOOHMTAIONINX JUA30TPO(GHBIX MHKPOOPTaHH3MOB
(I'ymantok, 2015). B xkapOoHaTHbIX 4YepHO3eMax MoioBbl, OOETHEHHBIX COJEpKAHUEM
NOJBWKHOTO (Qocdopa wu3-3a HemocTarka aTMOCHEpHBIX OCAJAKOB, MHOTHE KYJIbTYpPbI
noasepratorcss crpeccy (Rotaru, 2012). O6cyxmaeTcs BOMPOCOB BHEAPSHUH  IKOJIOTHYECKH
0€30MacHBIX TEXHOJIOTHI BBIPAIMBAHHUA C/X KYJIbTYp C HCIHOJIB30BAHUEM MHKPOOHBIX
OpPraHu3MOB, O0JIAAIONIIUX BBICOKOM OMOAKTUBHOCTBIO.

Emé B cepeaune XX Beka OblT MpENIOkKEH METOJ M3MEHEHHUS COCTaBa MHUKPO(MIOPHI
MOYBBI TyTE€M BHECEHUSB HEE MUKPOOPIaHU3MOB, a TaK)Ke MPUHLUI OaKTEepU3aLUH 10CaI0YHOTO
MaTepuana. bBbUIO yCTaHOBJIEHO, 4YTO HEKOTOPbIE IITaMMbl IMOYBOOOHUTAIOMINUX OaKTepuit
CHOCOOCTBYIOT 3HAUUTENBHOMY YIYYIIEHHIO POCTa U PAa3BUTHS PACTEHUH C OJHOBPEMEHHBIM
CHIDKeHHeM akTUBHOCTH ¢guTonatoreHoB (I[lomskosa, 2010).

baktepun paszauuHBIX POJOB M BUAOB, OOBEIUHSIEMblE TEPMHUHOM AacCOIIMATUBHBIC
nua3zoTpodHble OaKkTepUH, CIOCOOHBI AKTHUBHO pa3MHOXKATbCcsl B pHU3ocepe pa3iHuHbIX
HeOOOOBBIX pacTeHUi, 000ramawT CyoCTpaT MoJe3HOH canpoPUTHONH MUKPODIOPOIA.
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Hcnonb30BaHrWe TOTEHIMANA BBIJACIEHHBIX U KYJIBTUBHPYEMBIX B JIaDOpaTOPHSIX
OakTepui, CIOCOOHBIX K MOOWIM3AIMU DJICMEHTOB MUTAHWUS W3 TOYBBI WJIH aTMochepbl
ABJIIETCS BAXXHBIM JOCTH)KEHHEM OnorexHosoruu (parosos, 2010). fBnsisice 0AHOBPEMEHHO
OPOAYUEHTAMH  POCT-CTUMYJIMPYIOUIMX W (QYHTMIMIHBIX BEHIECTB, OHU  YyIy4YIIalOT
MOTJIOTUTENBHYIO ~ CIIOCOOHOCTH  KOpHEH, TpaHC(OPMHUPYIOT TIOYBEHHOE OPraHUYecKoe
BEIIECTBO, MHIYLUPYIOT YCTOWYMBOCTh PACTEHUN K (PUTOMATOreHaM.

[TonoxutenpHbIE PE3yNbTaThl COBMECTHOIO NPUMEHEHHs KOMOMHAIIMM IITAMMOB 3a
c4eT OMOJIOTUYECKU aKTUBHBIX METa0OJIUTOB OaKTEpPUl M MX AHTArOHHUCTUYECKUX CBOWCTB IO
OTHOIICHHIO K (PUTOIMATOTEHAM TO3BOJISIOT 00ECIEYUTh PACTEHUsI OMOJOTHYECKHM a30TOM B
aMMOHUIHOK (opme (acconmatuBHas a3zoTdukcaius OakrtepusMmu Azotobacter chroococcum),
T.€. MCKJIIOYUTh IPUCYTCTBHE HHUTPATOB B YpOXKae, YMEHBIIUTh BHECEHHWE B IIOYBY
MUHEPAJIBHBIX YIOOpEeHMH, HUCHONB3ys QochaTpenyupyonyo M KaauiiMo-OMIH3YIOIIYIO
CrIocoOHOCTh MoyBooOUTaromux Oakrepuii Bacilluss, Pseudomonassp.

B npupone cpeau rpaMOoTpULIaTENbHBIX IMOYBOOOMTAIOIIMX OakTepuili mpeolianaroT
nceBgoMoHanbl  (Pseudomonassp). Pusochepusie miceBmomonampl, obmamas K- wu  P-
MOOWJIN3YIOIIEH CIOCOOHOCTHIO, TapMOHHU3UPYIOT COBMECTHYIO JESTENBHOCTh C JPYTHUMHU
OOMTAIOMMHU B IOYBE LITAMMAaMM OakKTEpHil, YTO IOJOXKHUTEJIbHO BIIMAET Ha IOBBILICHUE
KauecTBa BbIpamuBaeMoi c/x mnpoaykuuu (boponun,1998). IlceBnomoHansl MUHEPATU3YIOT
OpraHvuyeckre ocTaTku B mouBe, 70% KOTOpBIX IOCTYNAlOT PAcTEHUSM B BHJE XOPOIIO
ycBauBaeMbIx ¢popM N, P, K u MukposiaemMeHToB.

[Ipy HCKYCCTBEHHOW WHOKYJSIMM TOYBEHHBIX CYOCTPaTOB TIPaMIIONIOKUTEIbHBIC
O6akrepun poma Bacillus sp. cnocoOHbI ATUTENBHO pPa3BUBAaThbCI H JIOMHHHPOBATH B
NPUKOPHEBOW 30HE pACTEHHH, BBIACPKHMBAas KOHKYPEHIIMIO CO CTOPOHBI (PHUTOIMATOTEHHOM
MUKpOQIIOpbl U obecrieynBas (HUTOMPOTEKTOPHBIA >PPEKT Ha MPOTSHKEHUH BCEro IMepuoja
Bererauud. [Ipu Henocrarke Binaru noussl (10 37% I1B) mioTHOCTE KyJabTyphl COXpaHsETCs Ha
BBICOKOM YPOBHE M MPEBBIIAET UCXOAHBIN TUTP 110 3,7 X 10" KOE/m1. M3MeHeHHUe BIaKHOCTH
cyOcTpara He BIHMSCT HAa aHTArOHMCTHYECKYIO akTHUBHOCTH Bac. subtilis mo oTHomenuro x
naToreHaMm Mpu CTUMYJISIMU OaKTepusiMu pocTa KopHEBOMl cucreMbl pactenuit (Komommuer,
PomanoBckas, 2014). BemectBa aykcuHOBO# npuponsl MmerabonutoB mramma Bacillussubtilis
YBEJIMYUBATH KOJMYECTBO KOPHEBBIX BOJOCKOB B pu3ocdepe pacTeHuil. banumisl crnocoOHbI K
azoT(duKcanuu U pacTBopeHuto ¢ocaToB MOUBHI, TPOIYIIMPOBAHUIO CHAECPODOD.

Hcnonb30BaHre TakMX MHKPOOPTaHM3MOB B KadyeCTBE albTEPHATHUBBI MECTUIUAAM U
XUMHYECKMM  yJIOOpEeHHSIM  MO3BOJSET  pa3padaThlBaTb  COBPEMEHHBIE  TEXHOJIOTHH,
BOCTpeOOBaHHBIE [T BBIPALIUBAHMS KOJOTMUECKH Oe30macHoi npoaykiuuu. OCHOBHOM 1Ebio
Takol (OpMbI 3eMIIe[ieNIus  SBJIETCS CHI)KEHHME 3arpsi3HEHUS OKpy’Kalolled Ccpeasl U
MCIONIb30BaHNE OWOJIOTUYECKUX CPENCTB JUISi MOOMIM3AIMM TPOAYKTUBHBIX M 3aIIUTHBIX
cun pacreHuil. Co3naHne MHUKPOOHO-PAacTUTENbHBIX aCCOLMALMA MOXKHO paccMaTpUBaTh Kak
HACyIHYI0  HEOOXOJAMMOCTh  COBEpIICHCTBOBAHUS  (PUTOCAHUTAPHBIX  TEXHOJOTMHA B
pactenueBoactBe (Myrunckas, 2010).)

MATEPHAJIBI 1 METO/bI

HccnenoBanust MpOBOJMIIMCE IO OOIIETIPUHATHEIM B MHUKPOOHOJIOIMYECKONH MpaKTHKE
MmetogaM (bompiioit mpakTUKyM 1o Mukpoouosoruu, 1962). g KynbTUBUpOBaHUS OaKTepuil U3
KOJIJIEKIIMM J1abopaTtopuu ¢urtonaToiaorud u o6uorexHonornu UI'dOu3P ucnonb3oBamu KuJIKue
nUTaTeNIbHbIC Cpenbl, crenuduyHbie I Kaxaoro pona Oaxrepuid (Manuel pratique de
microbiologie, J-PLarpent., Paris.1991). Crepunuzanus — aBTOKJIABUPOBAaHHEM COTJIACHO
coctaBa MHrpequeHToB. KynbTuBHpoBaHUe OakTepuil B TepMocTaTe B TEUEHHE 2-X CYTOK
npu 27°C. OnpeneneHne TUTPOB KUAKUX KOHLEHTPUPOBAHHBIX CYCIIEH3UH MPOU3BOIUTCS
METOIOM IIOCIIEIOBATEIbHBIX pPa3BeleHUi. B omblTax HMCmonb30Banu pabodyue CyCIEH3Uu ¢
TATPOM 10°KOE/M f1si BHeceHHs B II0YBY, C TUTPOM 10° KOE/Mn s OaxkTepu3aluy CeMsH,
YEepEeHKOB, KOpPHEH W  ONpPBICKMBAHMs  BEreTHpyoIIMX pacTeHud. Ilpm  coznmanum
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KOMOWHUPOBAHHBIX pabodnX PAacTBOPOB CYCHEH3MM K LITAMMOB CMELIMBAIM B PaBHBIX
COOTHOUICHUSAX.

PE3YJIBTATBI 1 OBCYKJIEHHUE

Hcnoab3oBanne O0aKTepHAJILHBIX IITAMMOB NPH BbIPAIMBAHWHM BHHOTIPAJAHBIX
ca:keHleB. YepeHnku BuHOrpaaa copra «lIpe3eHTaOuIbHbBINY» BHICAKUBAIN B allpesie B COCYIIBI C
8 Kr uepHo3emMa KapOOHATHOro Ha BererannoHHOM y4actke MI'®3P. B kaxnaslit cocyn mpu
OCajJKe BHOCHJIM KOMOMHAIIMIO CycrneHsuii ©Oaktepuii  Azotobacter chroococcum +
Pseudomonasfluorescens (1:1). B nepuoa Bereraiuu mnocie o0Opa3oBaHUS 5 JHUCTHEB PACTCHUS
ONPBICKUBAIM TPUXKABI C HUHTEpBaJIOM 14 nHEll CyclneH3Ws MM aHaJIOrMYHOTO cocraBa. B
KOHTPOJIE HCIOJB30BAIM BOMy. OCEHBIO IMOCIE BBHIKONKH Ca)KEHIIEB MPOU3BOAMIN U3MEPEHUS
JUTMHBI KOpHE#, mooOeros, ompexaenenue N,P,K B mpuxopHeBoii mouBe W KOpHsiIX. B 3-x
MOBTOPHOCTSX Ka)KJI0T'0 BapuaHTa ombITa- 1o 20 pacTeHuH.

[TonydeHnHble pe3ynbTaThl MOKA3bIBAIOT, YTO MPUMEHEHHE OaKTepUAIbHBIX CYCIIEH3HM
YBEIIMYMBACT COJEpKaHHE a30Ta W (ocdopa B KOPHIX U HE YXYALIACT COACPKAHUE KaJHs.
baktepuanbuble MeTaOONUTHI B KOMOMHALlMM C KOPHEBBIMH BBIICJICHUSIMH PAaCTEHUS
PETYIUPYIOT TOCTYIUICHUE JIEMEHTOB MUTAHUA U3 CYyOCTparTa, 4YTO CTUMYJIUPYET POCT KOpHEH 1
noberoB. B ycnoBusix nedunurta noaBuwxkHoro P B uepHozeMe kapOOHATHOM BHECEHHE OaKTepuit
sBIsieTcs (PaKTOpOM ONTHMH3ALMHU TIpoliecca mepexona P B moaBuxkHbIE (OPMBI, TOCTYITHBIC
pactenuto. I[IpumeHeHHE MHKPOOMOJIOTHYECKHX OOBEKTOB  MOXET CTaTh S()(PEKTUBHBIM U
TEXHOJIOTUYHBIM ITyTEM 3aMEHbI XUMHUYECKUX yA0OpEHUI B BUHOTPAJTHOM ITUTOMHUKOBOJICTBE.

Ta6muma 1. Bausaie koMmOMHEpOBaHHOM cycnien3uu Azotobacter chroococcum +
Pseudomonasfluorescens (1:1) uHa pa3srue caxeniieB «IIpe3eHTabmIbHbIN U coaepkanre NPK B mouse.
(cpennue nmokazarenu u3mMepennit 20 pacTeHUi 1 MOYBHI U3 pU30cheEphI)

BHecenue cycrieH3uu B OnpbICKMBaHKE JTCTHEB
[Tokazarenu N Kontpoinb
MOYBY IIPU  TTOCAJIKE BETCTUPYIONIUX PACTCHUI
buowacca koprst 1 9,50 +1,70 . 9,30 + 1,50 . 7,58 +2,78
pactenus (T)
% K KOHTPOIIO +253% +22,7% 100%
Cpennsist JJIMHA KOPHS 4485 + 59 43 ) 3785 + 47 88 ) 246,8 +
1 pacrenus (cm) T T 53,87
% K KOHTPOJIIO - +81,5 - +53,4 100%
Conepxxanue N, P, K B puzocthepnoii mouse (Mr\100r mo4sbr)
NH, 0,9 (+ 12,5%  KOHTPOITIO) 1,0 (+25% x xoutpomo) | 0,8 mr/100 r
NO; 15,4 | - 27,3 | - 44,3
P,0s 9,3  (+ 12% KOHTPOITIO) 8,8 (+ 6 % K KOHTPOITIO) 8,3 mr/100 T
K,0 22,0 | - 24,0 | - 24,4

IIpumeHeHne GaKTEePUATBHBIX ITAMMOB MPHU BHIPANMBAHUM CAXAPHOI CBEKJIbI

B 1ess1X moBBIIIEHHs YPOXKAWHOCTH HUYITyUIICHHs KadecTBa C\XITPOAYKIIMKA aKTyalbHOU
po0JIeMOI HAYIHBIX MCCIICAOBAHNN SIBIISIETCS pa3pabOTKa PEKOMEHIAIWMA JIUIS BhIpAIIHBAHUS
pacTeHUuil C HMCIOJNb30BAaHUEM JOCTHXKEHHH OnoTexHosioruu. Hambonee mnepcrneKTUBHBIMU B
TOM OTHOIICHWHM CUYUTAIOTCS OWOIpernmapaTbl HAa OCHOBE JKHUBBIX KYJIBTYp MPHPOJIHBIX,
HKOJIOTMUYECKH O€30TMacHBIX MHKPOOPTaHU3MOB U MPOAYKTOB MX JKHU3HEIesATeIbHOCTH. Hamu B
BETCTAIIMOHHBIX M TIOJEBBIX OIBITAX HW3ydajgach BO3MOXKHOCTH CHWIKCHHS HWH(ECKIMOHHON
Harpy3kd BO30yAWTeNed KOPHEBBIX THWJIEH B TOYBE, IMpEIHA3HAUYECHHOW IS BBIpAIIMBAHUS
KOPHEILIOJIOB CaXapHOW CBEKJIBI B BEreTAIMOHHOM OMbITe. [IJIsT 3TOTO MPpH MOCEBE MPUMEHSIITH
CyCIIeH3UH OaKTepUalbHBIX IITAMMOB, KYJIBTHUBHPYEMbIE B JIa0OpaTOPUH (DUTOMATOIOTHH U
OMOTEXHOJIOTHH.
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Tabmmma 2. PazButre pacTeHmii caxapHOW CBEKIIBI IO BIMSHUEM AHA30TPOGHBIX OAKTEPHIA,
BHECEHHBIX IIPH TIOCEBE B MOYBY, 3apakeHHyI0 maTorenom (Fusarium gibbozum.).
(cpennue mokaszarenu usMepeHuii 12 pacteHuii B 3-X MOBTOPHOCTSAX BAPUAHTOB BETCTAIHOHHOTO OTBITA)

®y3apI/IyM BaKTepI/IaﬂLHHG CYCIICH3UH, BHCCCHHBIC
TMokasarenu B II0YBE B MH(DUIIMPOBAHHYIO IOYBY
(aTasion) Ps.putida Ps.aureofaciens | Bac.subtilis | Boma

00 BCXOXECTU CEMSIH 60 90 80 90 80
JvHa nucteeB (CM) . . .

CpeIHe 10 BapUaHTy 8,6 12,5 9,7 9,6 9,0
Bec ropueii (r) - 1 0,62 2,5 % 2,5 % 248 | 20
pacTeHHs ' ' ' ' ’

Paznuyus mescoy smanonom u sapuanmamu onslma 00cmoseprvl no ko3gh. Cmoiodenma™* t p = 26,48
>t.ma6.12,71; *tp. =20,8 > t ma6.12,71

VYcTaHOBIEHO, YTO pa3Mep HAA3EMHOM YacTU pacTeHWH B BapUAHTAX NPUMEHEHUS
OaxTepHaIbHBIX CYCIIEH3UM NPEBBIIIAECT AaHAJOTUYHBIN I0Ka3aTenb B 3tanoHe B 1,2 - 1,4 paza,
a Bec KOopHel — B 4 pa3a, 4TO MOATBEPKIAaeT CIOCOOHOCTh OaKTepHii HHTMOMPOBATh HEraTUBHOE
BiMstHUE TlaToreHa Fusarium gibbosum B mouse.

IMoneBoii  ombIT. 2-X CYTOYHYIOCYCIICH3UIO OakTepuaibHOro mramma Pseudomona
sputida B JKuAKOW MHHEPaJbHOW TMHTATCIBLHOW C THTPOM 10° KOE/M1 coBmemamu c
BOJOMPOBOAHONW BoMoM B cooTHomieHuu 1 : 100. B paGouyro cycneH3uio BehIlalu
UHKPYCTHPOBaHHBIC CEMEHa caxapHoil cBekisbl copta “Neutrino” Ha 1 yac; cinmMBaiu KUIKYEO
yacTh pabodero pactBopa uepes3 TpoilHoW cioit mapnu. Pacceimanu cemeHa Ha 2-X CIOWHYIO
(GUIBTPOBAIBHYIO OyMary TOHKHUM CJIOEM Ha 2-¢ CyTOK. Bricoxime ceMeHa ObUIM TOTOBBI JJIst
noceBa. bakrepu3oBaHHBIE CE€MEHa BBICEBAJIM Ha JENsAHKaX Iulowaaso 27 M B 4
MOBTOPHOCTAX. YXOJ 32 HaCaXJICHUSMU OCYILECTBIISUIM 110 OOIIETIPUHATON TEXHOJIOTHUH.

Tabmuia 3. Pesynbrarel npeanoceBHOM 00pabOTKU CEMsIH CaXapHOH CBEKJIBI OaKTepHaIbHON
cycniensueii mramma Pseudomonasputida (nbnh 10’FCU/mI). TToces mapt; y6opka — OKTSOPE

Copr cax.cBekiibl «Neutrino-FMy ¢upmsr Sudzuker
IToxazaTtenn CeMmena 0e3 Bbakrepuzanus
00paboTKH ceMsH J10 moceB | % K KOHTPOJIIO
(KOHTPOJIB) wT.PS. putida
Kon-Bo pactenuii Ha 1 ra ThIC. T 105,6 106,9 +1,23%
YposkaitHOCTh 00Imas T/ra 57,8 59,9 +32%
VYposkail 310pOBbIX KOPHEIIOI0B T/Ta 55,9 58,2 +4,1%
% 0O0JILHBIX KOPHEILJIOI0B 3,2% 2,7% Ha 0,5 % <K
CaxapucTocTh KOPHEIUIONO0B % 19,55 19,77 +0, 22 %
CogepskaHre OUHUIIEHHOro caxapa%o 17,51 17,80 + 0,29 %
Brrxop ountiieHHOTO caxapa (1/ra) 9,79 10,37 + 0,58 1/ra

Bakrepusauus ceMsH 10 moceBa B IIOJIEBOM ONBITE oOOecreuuia: yBEIMUYEHHE 4YHcia
pactenuii Hal ra Ha 1300 mit.; yBenuuenue oOmiei ypoxaitHoctu Ha 3,2%; MOBBIIIEHHE BBIXOA
CTaHAapTHBIX KopHerionoB Ha 4,1% wu ypokas cranmaptHOM mnponykuuu Ha 2,3 T/ra;
MOBBILICHHE CaXapUCTOCTH KopHemnonoB Ha 0,22%; BBIXOJ OYMILEHHOro caxapa ¢ 1 ra
yBenuuuics Ha 0,6 T; MHPUUIUPOBaHUE KOPHEBBHIMU THWISIMM KOPHEIJIOJIOB YMEHBIIMIIOCH Ha
0,5%. Pe3ynpTaThl UCCIETOBAaHMA TIOJTBEPIKIAIOT, YTO MEXAHU3M JIEHCTBUS TIOYBOOOUTAFOIIINX
a30TPOGHBIX OAKTEPUN — KOMIUIEKCHBIN, CKIIa/IbIBAIOIIUICS W3 BBICOKOW INPOHUIIAEMOCTH B
TKaHU PAaCTCHHH TPOJYKTOB METa0OIM3Ma MHKPOOPTaHM3MOB, AHTarOHW3Ma B OTHOUICHHUU
¢uronarorena, CTUMYJIHPYIOLIEro JCHCTBHS HA PpA3BUTHUE PACTEHUS - XO35MHA, KOpPHEBBIE
BBIICJICHHS] KOTOPOTO CIIOCOOCTBYIOT TIOIIEPKAHUIO BEICOKOTO THTPa MHKPOOpranusmMa B pu3ocdepe.
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BbIBO/bI

CampodutHbie  amazorpodHble  OakTepuwi W HUX  METAa0OJIUTBHI  OKa3bIBAIOT
CUHEPTrUTHYECKOE JEeWCTBHE Ha pa3BUTHE U IUIOJOHOUICHHE PACTeHUM, OCYIIECTBISIOT
3aIUTHBIC (DYHKIIMUB CJIEICTBUE BBICOKOW CTETNICHH BBDKMBAEMOCTH B TMOuYBe. MakcHMalibHOE
pa3BUTHE KOPHEBOIl CHUCTEMbl U YBEIMYECHHE TOIJIOMICHUS KOPHSIMH IMUTATEIbHBIX 3JIEMEHTOB,
WX TOCTYIUICHHE B BET€TATUBHBIC OpPraHbl, CIOCOOCTBYIOT MOBBIIICHHIO OMOMACChl PACTCHUHU.
HWuTpoaykuus ux B MOYBYy MyTEM 00pabOTKU CeMsiH, YepEeHKOB oboraiaeT pusochepy pacteHui
ayKCHMHAMH, ITUTOKHHUHAMH, CIIOCOOCTBYET a30T(UKcanuu. A KaxkIplii Kr azora 3a c4ér N-
¢dukcamuu obxoautcs B 100 pa3 memeBne mMuHepanbHoro (bouapamkosa, 2011). Co3nanue
MUKpPOOHO-PACTUTENBHBIX aCCOIMAIMA — HACylIHas HEOOXOAMMOCTh COBEPIICHCTBOBAHUS
TEXHOJOTUH B 9KOJIOTHYECKOM C\X B LEJSAX 3allUThl OKPYXKAIOIICH Cpeibl U HACEICHHS OT
MOCIIEACTBHIA HEPAIIMOHAIBHOTO UCTIOJB30BaHUS YIOOPEHUN U TIECTULIAIOB.
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MODELE DE OPTIMIZARE A REGIMURILOR NUTRITIVE A
SOLURILOR MOLDOVEI

Vasile LUNGU
Institutul de Pedologie, Agrochimie si Protectie a Solului ”Nicolae Dimo”

Abstract. Framework models for optimization of the nutritional regimes under agricultural crops have
been elaborated, according to the type and subtype of soil in the field settlements in order to obtain the
discounted yields and environment protection in conditions of sustainable agriculture.

Keywords: soil, model, regime, culture.

INTRODUCERE

Potentialul de producere agricold a solului si asigurarea culturilor agricole cu nutritie
minerald depinde in mod direct de starea agrochimica din sol si de regimul de umiditate. in
Republica Moldova nivelul de asigurare a plantelor cu apa este destul de variabil pe ani,
anotimpuri si perioade critice de dezvoltare a plantelor de culturd (Recomandari..., 2012).
Conform datelor meteorologice in zona de Nord media multianuald a precipitatiilor este de 513
mm, Tn Centru - 488, iar la Sud — 436 mm. Tn perioada rece a anului (IX-111) agricol cantitatea de
precipitatii constituie 18-25 la suta, iar in cea calda (IV-VIII) — 82-75% (Instructiuni...,2007).
Astfel regimurile de umiditate in zonele tarii se deosebesc. Pentru utilizarea mai eficientd a
umiditatii trebuie sa se mentina in sol un nivel optim de elemente nutritive. Prin elaborarea
modelelor de optimizarea regimurilor nutritive se poate obtine recolte maxime in anii favorabili
dupa precipitatii si evitate scaderi catastrofale in anii secetosi.

MATERIALE SI METODE

Obiectele de studiu au fost: solul cenusiu de padure si cernoziomul levigat din statiunile
de lunga durata din c. Ivancea, raionul Orhei si cernoziomul carbonatic din c. Grigorievca, r-I
Causeni; asolamentele de camp cu urmatoarele culturi: grau de toamna, porumb boabe, floarea
soarelui si leguminoase pentru boabe; nivelele de nutritie minerala din aceste soluri; sistemele de
fertilizare pe campuri si diferite norme de ingrdsaminte pentru culturile agricole.

REZULTATE SI DISCUTII

Starea azotului in solurile Moldovei este scazuta, deoarece in sol nu se mai aplica
ingragsaminte organice, iar culturile leguminoase, fixatoare de azot atmosferic in asolamentele de
camp ocupad o cotd neinsemnata. Cantitatea principalda de azot natural se afld in componenta
humusului. Continutul de azot in humus constituie 3-5%. De aceea In lipsa ingrasdmintelor
nutritia plantelor cu azot este direct proportionala cu cantitatea humusului din sol. Continutul
humusului in solurile Moldovei pe raioane variaza de la 3,2% pana la 4,3% in zona de nord , de
la 2,0% pana la 3,8% in zona de centru si de la 2,7 pana la 3,3% 1n cea de sudio Media fiind de
3,1% (Burlacu, 2004; Cerbari, 2000; IToussr Monnasuu, 1986). Aceste soluri pot produce anual
cca 80 — 110 kg de azot in zona de nord, 50 — 95 de kg/ha in zona de centru si 70 — 85 kg/ha in
zona de sud a tarii (Programul ..., 2004). In medie pe tari aceasta cantitate constituie cca 80
kg/ha. La stabilirea normelor de azot trebuie sa se tind cont de datele concrete ale continutului
de humus de pe campul respectiv (tab.1).

Din rezultatele obtinute 1n ultimii 50 de ani in experientele multianuale ale laboratorului
de agrochimie IPAPS ,,N.Dimo”, reiese, cd aplicarea sistematicd a ingrasamintelor cu azot in
norme de peste 120 kg/ha pe sol cenusiu si pe cernoziom levigat si de 90 kg/ha pe cernoziom
carbonatic in asolament conduc la acumulari de cantitati de azot nitric care cu vremea se spald in
jos pe profil, devenind o sursd de poluare (tab.l). De aceea la elaborarea modelului de
optimizare a azotului din sol trebuie de tinut cont de aceasta.
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Tabelul 1. Model de optimizare a continutului de azot in sol sub graul de toamna

R Continutul de azot in sol, kg/ha

ecolta,

ha 30 | 50 | 70 | 90 | 110 | 130 | 150 | 170 | 1900

Normele de azot in sol care trebuiesc din ingrasaminte, kg/ha

2,0 0 0 0 0 0 0 0 0 0
2,5 25 0 0 0 0 0 0 0 0
3,0 50 25 0 0 0 0 0 0 0
35 75 50 25 0 0 0 0 0 0
4,0 100 75 50 25 0 0 0 0 0
4,5 125 100 75 50 25 0 0 0 0
50 150 125 100 75 50 25 0 0 0
55 175 150 125 100 75 50 25 0 0
6,0 - 175 150 125 100 75 50 25 0
6,5 - - 175 150 125 100 75 50 25

Rezultatele demonstreaza ca capacitatea de mineralizare a solurilor este diferitd. Cea mai
mare capacitate de mineralizare o are cernoziomul carbonatic, urmat de cernoziomul levigat, iar
cea mai mica solul cenusiu. Aceste insusiri agrochimice ale solurilor studiate s-au luat Tn vedere
la alcatuirea modelelor de optimizare a regimului de azot (tab.2).

Tabelul 2. Model de optimizare a normelor de azot sub grau de toamna conform continutului de humus i
capacitatii de nitrificare

HUMUS Capaqit_atea de Recolta féré Necesarul de azot pentru diferite recolte, kg/ha
% ' nitrificare, ingrasaminte, - i e = =
kg/ha g/ha
2,0 50 15-20 60 90 110 140 170
2,4 60 20-25 50 80 100 130 160
2,8 65 25-30 40 70 90 120 150
3,2 75 30-35 30 60 80 110 140
3,6 85 35-40 20 50 70 100 130
4,0 95 40-45 0 40 60 90 120
4,4 105 45-50 0 30 50 80 110

Tn prezent din cauza deficitului de fosfor mobil Tn sol recoltele culturilor agricole sunt
mici, iar efectul ingrasamintelor cu azot este minim. Pentru o eficientizare maxima a
ingrasamintelor cu azot, modelul de optimizare a azotului a fost elaborat si in concordanta cu
nivelul fosforului mobil in sol (tab.3). Fertilizarea cu norme mari de azot pe sol cu deficit acut de
fosfor duce la pierderi semnificative a azotului pe profil Tn jos care nu mai pot fi recuperate de
catre plante in sezonul urmator. Aceastd metodd sporeste eficienta folosirii ingrasamintelor
azotate, este rentabild din punct de vedere agronomic si economic, reduce levigarea nitratilor in
jos pe profilul solului, micsoreaza pericolul de poluare a mediului inconjurator cu rezidiuri
remanente provenite din fertilizare. Utilizarea acestor modele necesita cheltuieli suplimentare
pentru efectuarea cartirii agrochimice operative a solului. Insa aceste cheltuieli se justifica sub
aspect economic si ecologic. In cazul lipsei informatiei despre rezerva din sol normele de
fertilizanti azotati se stabilesc functie de tipul, subtipul de sol si zona climaterica. Pentru zona de
nord si de centru, unde in Invelisul de sol predomind solurile de padure si cernoziomurile
levigate, tipice si argilo-iluviale se recomandd norma de 90 - 120 kg/ha pentru graul de toamna
si porumb boabe si 45 kg/ha pentru floarea soarelui.
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Tabelul 3. Model de aplicare a normele de azot functie de nivelul de fosfor in sol

. Grau de toamna Porumb boabe Floarea soarelui
N|vely G Norma de Norma de Norma de
fosforinsol, | Recolta, azot Recolta, azot Recolta, azot
mg/100g sol R kg/ha,1s.a e ka/ha, 1s.a e kg/ha, ’s.a
<1,0 15 0 25 0 11 0
1,0-1,5 23 0 38 0 17 0
1,6-2,0 30 35 50 35 22 0
2,1-2,5 38 50 63 50 25 35
2,6-3,0 42 65 69 65 27 40
3,1-3,5 49 80 81 80 32 45
3,6-4,0 56 95 92 95 36 50
4,1-4,5 60 110 104 110 41 55
4,6-5,0 64 125 110 125 40 60

Pe cernoziomurile carbonatice si obisnuite raspandite in zona de sud normele, respectiv:
60 - 90 kg/ha si 30 — 35 kg/ha. Dupa anii secetosi si cu recolte scazute a premergatorilor,
normele de ingriasaminte azotate se reduc cu 35 - 40 %. Insa folosirea acestei metode conduce la
utilizarea neeficientd a Ingrasamintelor azotate, cheltuieli nejustificate si la majorarea riscului de
poluare a apelor pedofreatice cu nitrati.

Fosforul. Starea fosforului mobil in solurile Moldovei este diferita si cuprinde toate cele
6 clase de asigurare de la foarte scazutd pand la foarte ridicata. Ultima cercetare agrochimica a
solurilor fost efectuata in anii 90 ai secolului trecut. La acea vreme, adica cu 25 de ani in urma
continutul de fosfor mobil era scazut si foarte scdzut pe 25% din suprafata agricola, moderat pe
34 % si doar pe 40 % din suprafata era optim, ridicat si foarte ridicat. in prezent starea fosforului
mobil Tn sol nu este cunoscutd. Insd cercetirile sporadice care au fost efectuate in diferite
gospodarii, datele din experientele de lunga durata au demonstrat, ca starea fosforului s-a redus
simtitor. Aceasta apreciere este sustinuta si de faptul ca conform datelor statistice ingrasamintele
cu fosfor practic nu se aplica. In prezent din 50 kg/ha s.a ingrasaminte, doar 2-3% 0 constituie
fosforul. Ingrasaminte cu fosfor au inceput in ultima vreme si se foloseasca partial doar sub
unele culturi (sfecla de zahar, legume, cca 35-40 mii ha din totalul de 1mIn 600 mii ha teren
arabil). Din cauza deficitului de fosfor mobil Tn sol recoltele culturilor agricole sunt mici, iar
efectul ingrasamintelor cu azot este minim. O buna parte din azot se spalda in adancimea
profilului solului, contribuind la poluarea apelor pedofreatice.

Modificarile continutului de fosfor mobil in sol pe parcursul a 50 de ani ua fost
monitorizate in experientele de lungd duratd a IPAPS “N.Dimo”. Din datele obtinute reiese, ca
la varianta martor continutul de fosfor mobil a scazut de la 2,8 pand la 2,4 mg /100g. sol pe sol
cenusiu, de la 1,6 pand la 1,4 pe cernoziom levigat si de la 1,5 pana la 1,2 mg/100 g sol pe
cernoziom carbonatic (tab.4). Prin urmare, ritmurile de scadere a fosforului din sol nu sunt cele
prognozate anterior, dar sunt mai mici. Ritmurile de scadere a continutului de fosfor la
concentratii mici este lent. In sprijinul acestei ipoteze sunt si recoltele foarte mari obtinute in anii
2013 si 2014 pe tara la majoritatea culturilor agricole, desi in sol practic nu s-au aplicat
ingrdsaminte cu fosfor din anii 90. Din rezultatele obtinute putem concluziona ca actiunea
gunoiului de grajd este mai indelungatd in timp pentru starea fosforului in sol decat actiunea lui
asupra humusului. Aplicarea gunoiului de grajd pe nivel optim de fosfor a majorat continutul lui
in sol. Aceastd majorare a fost de cca 2,4 mg fatd de martor si de 0,9 fatd de nivelul cu fosfor
format pe sol cenusiu si de 3,2 mg pe cernoziom levigat.

Aplicarea ingrasamintelor de fosfor urmareste doua obiective:

e maximalizarea contributiei la obfinerea recoltelor scontate;
e optimizarea starii fosfatice a solurilor.
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Tabelul 4. Model cadru de optimizare a nivelurilor de fosfor mobil in sol

Continutul initial Nivelul de fosfor mobil care trebuie de format, mg/100g sol
Sg,f?f]g%&og"sg; 10 | 15 | 20 | 25(30| 35 | 40 | 45 | 50 |55 |60
Normele de fosfor, kg/ha s.a.

1,0 0 0 0 0 0 0 0 0 0 0 0
1,5 75 0 0 0 0 0 0 0 0 0 0
2,0 150 | 75 0 0 0 0 0 0 0 0 0
25 225* | 150 75 0 0 0 0 0 0 0 0
30 300 | 225 | 150 | 75 | O 0 0 0 0 0 0
35 375 | 300 | 225 | 150 | 75 0 0 0 0 0 0
4,0 450 | 375 | 300 | 225|150 | 75 0 0 0 0 0
45 525 | 450 | 375 | 300 | 225 | 150 75 0 0 0 0
50 600 | 525 | 450 | 375|300 | 225 | 150 75 0 0 0
55 675 | 600 | 525 | 450 | 375 | 300 | 225 | 150 75 0 0

Strategia optimizarii starii fosfatice a solurilor constd in urmatoarele:

*Normele mai mari de 200 kg/ha se vor aplica in mai multe rate si ani.

aducerea solurilor cu continut foarte scazut, scazut la moderat(= 2,0 - 2,5 mg/100
g sol) pentru solurile din zona de sud;
la relativ optim 1 (= 2,6 - 3,0 mg/100 g sol) pentru solurile din zona de centru;

la optim de fosfor mobil (= 3,1- 3,5 mg/100 g sol) pentru solurile din zona de

nord;

incorporarea ingrasamintelor fosforice se face doar functie de nivelul fosforului
mobil Tn sol, conform modelului cadru (pentru aceasta doza medie anuala este

diferitd);

mentinerea solurilor cu continut optim si ridicat de fosfor mobil prin compensarea

exportului fosforului cu ingrasaminte in doze de Pgg.g0 anual;

Optimizarea nivelurilor de fosfor mobil in sol dupa acest model va permite obtinerea unor

recolte conform tabelului 5.

Tabelul 5. Model cadru de obtinere a recoltelor conform asigurarii cu fosfor mobil

Nivelurile de fosfor in sol, mg/100g sol
Cultura 25 |1 30 | 35 | 40 [ 45 | 50 | 55 | 60 | 65 | 7,0
Nivelul recoltelor prognozate dupa fosforul din sol, g/ha:
grau de toamna 35 40 45 50 55 60 65 70 75 80
porumb boabe 45 55 65 75 85 95 105 | 115 | 125 | 135
floarea soarelui 21 24 27 30 33 36 39 42 45 48

Culturile agricole din asolament reactioneaza esalonat la fertilizarea cu fosfor. Graul si
porumbul reactioneaza cel mai bine, deaceia modelul de optimizare treptata a fosforului mobil
din sol Tn asolament trebuie de inceput cu aceste culturi (tab.6). In cazul in care nu sunt la
dispozitie informatii despre continutul fosforului mobil in sol, normele de fosfor se pot stabili in
functie de tipul si subtipul de sol si de zona cultivarii.
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Tabelul 6. Model de optimizare treptata a starii fosfatice a solurilor in asolament

Continutul Culturile din asolament
fosforului Grau Porumb Floarea Leguminoase Gréu
mobil Tn sol, de toamna boabe soarelui boabe de toamna
mg/100g Norma de fosfor, kg/ha/an, s.a.
<1,0 250 200 150 100 75
1,0-1,5 250 200 150 100 75
1,6-2,0 200 150 100 100 75
2,1-2,5 100 75 50 50 50
2,6-3,0 75 75 50 50 50
3,1-35 50 50 50 50 50
3,6-4,0 0 50 50 50 50
4,1-4,5 0 0 50 50 50
4,6-5,0 0 0 0 50 50

Pentru zona de nord si de centru unde in invelisul de sol predomina solurile de padure si
cernoziomurile levigate, tipice si argilo-iluviale se recomanda norma de 60 - 90 kg/ha pentru
gréaul de toamna si porumb boabe, 40 kg/ha pentru floarea soarelui. Pe cernoziomurile
carbonatice si obignuite raspandite in zona de sud, respectiv: 40 - 60 kg/ha si 30 — 35 kg/ha.

Potasiul. Starea potasiului schimbabil in solurile Moldovei este foarte buna. Cercetarile
efectuate in experientele de lunga au demonstrat, cd pe parcursul a 50 de ani, continutul
potasiului schimbabil pe martor in solurile cercetate s-a modificat nesemnificativ, desi cu recolta
din sol s-a extras cca 4,5-5,0 t/ha de potasiu. Pe sol cenusiu continutul a constituit 22-27 mg, pe
cernoziom levigat 23-27 mg, iar pe cernoziom carbonatic 27-32 mg/100 g sol. Rezultatele
obtinute demonstreaza capacitatea ridicata a solurilor cercetate pentru mentinerea unui echilibru
dinamic intre diferite forme de potasiu din sol. O majorare vizibila s-a observat doar la
fertilizarea cu gunoi de grajd Tn norme ridicate 120-180 t/ha. Fertilizarea cu ingrasaminte
minerale de potasiu este necesara doar in cazuri foarte rare, pe soluri cu continut mai mic de 20
mg/100g. sol. Aplicarea sistematica a ingrasamintelor cu potasiu in asolamentele de cdmp a
condus la o0 majorarea neesentiald a lui in sol. Pe parcursul a 50 de ani din contul ingrasamintelor
continutul de potasiu s-a majorat cu cca 3 mg in sol cenusiu, cu 5 mg in cernoziom levigat si cu 2
mg in cernoziom carbonatic. Aplicarea gunoiului de grajd pe fond de ingrasaminte minerale a
majorat continutul de potasiu in sol cu 3-5mg/100 g sol (tab.7).

Tabelul 7. Model de optimizare a continutului de potasiu schimbabil in sol la graul de toamna

Recolta, Continutul de potasiu schimbabil Tn sol, mg/100g sol
t/ha 15 | 20 | 25 | 30 | 3 | 40 | 45 | 50 | 55
Norme de potasiu, kg/ha, s.a.
2,0 0 0 0 0 0 0 0 0 0
2,5 0 0 0 0 0 0 0 0 0
30 30 0 0 0 0 0 0 0 0
35 60 30 0 0 0 0 0 0 0
4,0 90 60 30 0 0 0 0 0 0
4,5 120 90 60 30 0 0 0 0 0
50 150 120 90 60 30 0 0 0 0

Stabilitatea continutului de potasiu in timp demonstreaza ca intre cele 4 forme de potasiu
in sol: solubil, schimbabil, fixat i nativ existd un echilibru permanent i dinamic care asigurd o
rezerva durabila a acestui element pentru cresterea si dezvoltarea plantelor. Practic optimizarea
starii potasice se face din contul productiei secundare, resturilor vegetale si dezagregarii
mineralelor din sol. Modelul de optimizare a potasiului schimbabil in sol cuprinde continutul de
la 15 mg/100 g sol pana la 55 mg (tab.7).
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Pentru optimizarea regimului de potasiu in sol si mentinerea nivelului optim se mai poate
de utilizat si urmatoarea formula: Nx = Rsx Cs x Cc, unde Nk — norma de potasiu, kg/ha, s.a.; Rs
- recolta, t/ha; Cs - consumul potasiului la 1 t de productie, kg/t; Cc - coeficientul de corectie
fata de continutul potasiului schimbabil din sol (tab.8).

Tabelul 8. Coeficientii de ajustare a normelor medii de Ingrasdminte functie de clasele de asigurare a

solului
Elementul Clasele de asigurare a solului
foarte scazut | scdzut | moderat optim ridicat foarte ridicat
Fosfor mobil 2,0 15 1,3 1,0 0,3 0
Potasiu schimbabil 2,0 15 1,3 1,0 0 0

Coeficientul de corectie (tab.8) se stabileste dupa gradul de asigurare conform clasificarii
existente. Continutul de potasiu schimbabil in sol se stabileste in urma cartarii agrochimice din
toamna odata cu determinarea fosforului mobil.

In lipsa informatiilor privind continutul potasiului schimbabil in sol se recomanda
aplicarea ingrasamintelor potasice pe solurile luto-nisipoase si nisipoase in norme de 40 - 60
kg/ha s.a. indiferent de tipul si subtipul de sol si de zona de cultivare. Solurile argiloase sunt bine
asigurate cu potasiu schimbabil si pot sustine obtinereca unor recolte ridicate fara fertilizare
suplimentara cu acest element.

CONCLUZII

Modele de optimizare a regimurilor nutritive au fost elaborate in baza rezultatelor
experientelor de camp de lunga durata fondate pe sol cenusiu de padure, cernoziomuri levigate si
carbonatice, cat si celor obtinute din implementarea productiei stiintifice in practica. Elaborarea
modelelor de optimizare a regimurilor nutritive si de fertilizare a culturilor agricole s-a efectuat
in baza particularitatilor plantelor de culturd si sistemului de fertilizare functie de tipul si
subtipul de sol, indicii agrochimici, nivelul recoltei si calitatea recoltei. Utilizarea modelelor de
optimizare a regimurilor nutritive vor contribui la sporirea capacitatii de producere a solurilor,
obtinerii recoltelor stabile si protectiei mediului ambiant de poluare.
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BJIMSTHUE CUCTEM YJIOBPEHUI HA BBIHOC DJIEMEHTOB
INATAHUA YPOXAEM OBOHIHBIX KYJIbTYP B YC/IOBHSIX CYXHX
CYBTPOIIMKOB ABEPBAUJIKAHA

I'omrap MAMEJIOB
WNucturyt [louBoBenenus u Arpoxumun HAH Aszepbaiimkana
AZ-1073, r.baky, yn. M.Paruma 5, e-mail: goshgarmm@mail.ru

Abstract: Experimental data from studies obtained in stationary field experiments under irrigation
conditions of alluvial meadow-forest soils of dry subtropics of Azerbaijan (northeastern part of the
Greater Caucasus) have been studied and presented. The use of fertilizer systems (mineral, organic and
organo-mineral, i.e., their combined use) differently influenced the accumulation of the main nutrients
(NPK) in the aerial organs (fruits, leaves, stems) of tomato plants. The effectiveness of the influence of
various fertilizer systems under a tomato crop has been established. In terms of yield and total outflow of
potassium, an effective option has been found to use an organo-mineral fertilizer system in the normal
Background- (PgKi0) + Ngg + manure 12 t/ha; in terms of total phosphorus removal, an organic
fertilizer system is normal manure 24 t/ha; and in terms of total nitrogen removal, the Background -
(PgoK120) + Niog variant was effective. In this case, the total removal was, respectively, 272.88 kg / ha for
potassium; 76.76 kg/ha for phosphorus and 170.56 kg/ha for nitrogen.

Keywords: vegetable crops, meadow-forest soils, fertilizers, plant nutrition.

BBEJIEHHME

B AsepOaiipkane ecTb Bce HEOOXOAMMbIE NPUPOJHO-KIMMATUYECKUE YCIOBUS JUIS
BO3/ICJIBIBAHUS CEIbCKOXO3IUCTBEHHBIX KYIbTYp. OMHON M3 OCHOBHBIX OBOILIEBOAYECKHX 30H
apisietcsi KyOa-Xauma3sckasi 30Ha, OHAa B OCHOBHOM MPHUTOJHA JUIsI BBIPALTMBAHMS OBOIIHBIX
KyJIbTYp W Tpeobiafaromias 3/ech MOYBa IOJ TOMAaTaMH SBISETCS AJLTIOBHAIBLHO JYrOBO-
JICCHOM, Ha KOTOPOU MPH BBIOOPE MPABWIBHON CHCTEMBI yIOOpPEHUH, COOMIOACHIH BCEX TPABHII
arpOTEXHUKU MOXHO TOOUTHCS MOBBIICHUS YPOKaWHOCTH M YIydIlleHUs kKadecTBa. M3BecTHO,
YTO BBIHOC MHUTATEIIbHBIX BEIICCTB YPOXKASIMU OIPEICISIETCS IENbIM psiaoM (aKTOPOB —
MOYBEHHBIMH YCIOBUSMH, MTPOJYKTUBHOCTHIO OMOTHIIA, OCOOCHHOCTSIMU TUIPOTEPMUUYECKOTO U
BeretanmoHHoro mepuonoB (Hamuposa, 2019; Amnnaxsepaue, 2019; Mawmenos, 2010;
Mamenoga, 2005).

BaxxHbpIM acniekToM B MHUHEpAJIbHOM MHUTAHUHM PACTCHHUH SIBJISICTCS 3HAHHE TOTJIOIICHUS
AJIEMEHTOB TNUTaHUSA WHAMBUAYaIbHBIM pacTeHueMm. llox BBIHOCOM MOApa3yMeBaeTCs
KOJTMYECTBO HJIEMEHTOB IHMTAHHS, BBIHOCUMBIX C TIOJISI OCHOBHBIM YpOKaeM U TMOOOYHOMU
npoaykuueil. OH sBISETCS TJIABHOM CTaThell pacxoja U OallaHCca MUTATENbHBIX BEIIECTB U €ro
ompeiesieHne BeChMa HE0OXO0UMO JJIsi TIOBBIIIEHUS 103 YIOOPEHUH MO/ IJITAHUPYEMbIE YIaCTKU
BO3JIETIBIBAEMBIX OBOUIHBIX KYJIBTYpP C YYETOM IOCTOSTHHOTO MOBBIMICHUS TUIOJOPOAMS TOYBBI
(Crynun, 2012; Cunemenkos, 2018; Moscymos, 2000).

enpto wuccnemoBaHus SBISETCS W3YUYEHHWE BIUSHUS PAa3HBIX CHUCTEM YIOOpEHHIA
(MUHEpAIbHBIX, OPTaHUYECKUX U OPraHO-MUHEPAIbHBIX T.€. WX COBMECTHOTO BHECEHHS) Ha
HakoIuleHne nutaTenbHbeix dmeMeHTOoB (NPK) Ham3eMHbIMU opraHaMu pacTeHHl U UX BBIHOC
pacTeHreM ToMara B YCJIOBHSX CyXHX CYOTpONMMKOB A3zepOaikaHa Ha aJUTIOBHAIBHO JIYTOBO-
JIECHBIX MOYBaX.

OBBEKT U METO/IbI

Juist BersiBnieHust BerHOoca NPK wcmonb3oBamch pe3ynbTaThl MOYBEHHBIX M PACTUTEIBHBIX
aHaJM30B, HA OCHOBAaHMM KOTOPBIX YCTAaHOBJIEHA CTENEHb YCBOEHHUS a30Ta, (ocdopa U Kaius
pacTeHUsMU U3 MOuBHI U ynoOpeHuil. [louBeHHble U pacTuUTENbHBIE TPOOBI Opanuch Mo ¢azam
pa3BUTHSI pacTE€HUI, B HUX ONPEIeNsUIN cojiepkaHue a3oTa, pocdopa u kamus (Jocnexos, 1985;
Coxkonos, 1975).
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HccnenoBanusi MpOBOIWIM B YCIOBUSX OPOIIAEMBIX aJUTFOBHAIBHO JTYTOBO-JIECHBIX IMOYB
Ky6a-Xaumasckoii 30861 A3epOaiimxana (babaes, 2006).

[TaxOTHBIH €10 JIyTrOBO-JIECHBIX IIOYB MEpEA 3aKJIaAKON ombITa Obul cnadomenounsiM (pH
H,0 = 7.8), ¢ Hu3kuM cozaepkanueM (mo Maunruny) noaBmwxHbix Gopm P2Os u cpennum K0 -
16.8 u 238 mr/kr coorBercTBeHHO. CollepkaHne TyMyca B TaXOTHOM CJIO€, COCTaBisuio 3.25%,
N-NH4 - 17.5, N-NO3 - 9.62 mr/kr mouBbl. B omnbite uzydanu 3¢¢heKTUBHOCTh MPUMEHEHUS
MUHEPATBHBIX M OPTaHWYECKUX YAOOPEHHMU B SKBUBAJICHTHBIX IO a30Ty J03aX. ATPOMETEO-
POJIOTHYECKHE YCTIOBHS B TOJbI UCCIIENOBAaHUS OBbLIM OJIArONPHUATHBIMU JUISI POCTa U Pa3BUTHUSA
pacTeHuil.

B pacturenpHbIX 00pa3nax, Haa3eMHOW Omomacce (B OOTBE) W B ILIOJAX OINPEIACISUIH
conmepxkanue obmmx ¢opm azora, dochopa u xamus mo ['muzbypry K.E., Hlermoroii .M.,
Bynsduycy E.B. Pacturenshbie o0pasmpl OTOMpanu ¢ KaKIOH JISISIHKM CO BCEX BapUAHTOB B
cpoku 0TO0pa mouBeHHbIX 00pa3ioB (Cokoios, 1975).

PE3VYJIBTATBI U UX OBCY/KIEHUE

Beicoknii ypoxaii TomaTa, HE3aBUCHUMO OT COPTa, COIPOBOXKIAETCA OTUYKICHHEM
0OJIBIIOT0 KOJMYECTBA a30Ta M KaJMs, KOTOPbIi B OCHOBHOM HPOHCXOJUT C OHOJIOTHYECKUM
BBIHOCOM YpO’KaeM M HaJ3eMHOM Maccoi, a yMEpeHHbIE 03l a30THO-KATUHHBIX yI0OpeHUl He
00eCcreYnBarOT ero HeoOXOIMMBI 00BEM, B PE3yJIbTaTe YEro B MIOYBE HAOIIOAACTCS HEOCTATOK
stux anementoB (Kymnespos, 2004; Mepsist, 2012).

BiusiHue pa3nuyHbIX cHCTeM yHO0OpeHHWi Ha HakKoIUIeHHMEe OCHOBHBIX AyieMeHTOB (NPK)
MUTaHUS PACTEHUSMHM TOMAaTa B aJUIFOBHAJIBHO JYTOBO-JIECHBIX MOYBAX (JaHHBIC B CPEAHEM 3a 3
rojia) rnokasaHo B Tabmuie 1.

Tabnuua 1.
Brusiaue pa3zinuuHBIX cECcTEM YAOOpeHUH Ha HaKkoIuIeHne 0CHOBHEIX dneMeHToB (NPK) mutanwus
paCTeHHsIMH TOMATa B aJJFOBHAIBHO JIYyTOBO-JIECHBIX MOYBaxX (B cpeaHeM 3a 3 roja)

Hanzemnas .
p
© Haxommreane NPK B oTIenpHBIX 4acTAX paCTEHHNA
= 6uomacca
El pacTeHui N. % P,O=.% K,O. %
No BapuanTsr Cucrema § (6oTBa) 1/ra) ' 70 205,% 20
B OIIBITA yao0penus =
3 S = = S & = = & = = =
% & E E | 8 =) E | 8 = 2 | 3 =
S| B | S |S|E|E 5|8 elg|E ¢
> 5 = E| 5| BE| E| B | E E| 5| B
1 |Kourposs, 6/y - 294 | 8,70 | 3,45 /0,16|1,79|2,38(0,080,19|0,41{0,31{2,33|1,91
2 |PgoK1p0-boH MunepansHas | 396 | 8,94 | 3,52 |0,18/1,81(2,42|0,10{0,21|0,43{0,36|2,54 (2,23
3 | DPouatN7s MunepamsHast | 421 | 8,98 | 3,61 |0,20/1,83|2,46|0,10{0,23|0,44(0,37|2,62 |2,45
4 | POMTHABO3- Oprano- | 4481 907 | 373 |0,19|1,84|2,53(0,11|0.24 0,45 |0:39 | 2,82 | 2,54
15 1/ra MUHEpaJIbHas
5 | ®onrt+Ngy MuHepansHas | 462 | 10,04 | 3,80 (0,23|1,86|2,58|0,11|0,26|0,47|0,40|2,87|2,76
g | DontNastasos- | oprauo- | ygg | 4409 | 386 [0,22|1,88|2,62|0,12(0.27 0,49 |0,42|2,92| 2,85
9 1/ra MHUHEpaJIbHas
7 | Dou+N1y MunepansHas | 502 | 10,13 | 3,89 |0,28|1,90(2,75|0,12{0,27|0,51 (0,41 |2,97 | 2,89
g | LontNegtrasos- Oprano- | 5o 1 1021 | 3,96 |0.261,93]2,82(0.13[0,30| 0,54 | 0,43 | 3,26 | 3,17
12 1/ra MUHEpaTbHAs
9 |HaBo3+24 1/ra Oprannveckas | 514 | 10,17 | 3,93 |0,24|1,92(2,80|0,14{0,28|0,52 (0,42 |3,18 | 2,95

W3 Tabnauupl BUIHO, YTO TNPHUMEHEHHE pPa3IMYHBIX CHUCTEM YJIOOpEHHUS MO-pPa3HOMY
MOBJIMSJIO HA HAKOIVIEHUE OCHOBHBIX NUTATENBHBIX 3JIEMEHTOB B IIOJI3EMHBIX OpPraHax pacTeHUN
ToMara. YcTaHOBIIEHO, uTo ¢ mnoBbimieHHMeM 103 NPK yBenuumBaercs pocT pacTeHMid, U
HaWTy4lllue Mmoka3aTean Obuld JOCTUTHYTHI B Bapuante @oH +Ngo +HaBo3a 12 T/ra npu opraxo-
MUHEPAJTBbHOM cHUcTeMe yIoOpeHMi; B cpeaHeM 3a 3 Troja B IUIOJAAX, CTEONAX, JIHMCThAX
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coJlepkaHue OOIIero Kamusi HOCTHriIo cooTBercTBeHHO 0,43; 3,26 u 3,17%. DT mokaszarenu
OBLIIM CaMbIMH BBICOKUMU B IIPOBEJCHHOM OIIBITE 110 COAEPIKAHUIO OOIET0 Kaus.

[Tpu mpumeHeHNH MuHEpaIbHOU cuctembl ypoopenus @on+Nix HabmoOgAIOCH camoe
BBICOKOE COJIep’KaHue Mo oOlieMy a30Ty B IUIOJAX [0 CPAaBHEHUIO C OPraHO-MUHEPAIbLHOU U
OpraHWYECKUX CHCTeMaMH ynoOpenuii, oHo poxomamwio 1o 0,28%. MakcumanbHOE coaepx aHue
obmiero ¢ocdopa B HaA3eMHBIX YacTSIX pacTeHH TomaTa HaOJIIOJaloCh MPU  BHECEHUU
opranu4eckoil cuctembl ynoopenus. Tak, npu npumenenuu 24 T/ra HaBo3a (rojoBas HOpMa)
KOJIMYECTBO 001ero ¢gocdopa B HaA3EMHBIX OpraHax ToMmaTa MOBBICUIOCH (TUIOABI, CTEONIN U
JIUCThsl TOMaTa) coorBeTcTBeHHO 70 0,14; 0,28 1 0,52%.

[locTosiHHOE CHMKEHHE TOJIOBBIX HOPM IMUTATENIbHBIX JJIEMEHTOB B  COCTaBe
MUHEPATBHBIX, OPTaHUYECKUX W OPraHO-MHUHEPATbHBIX CHCTEM YIOOpEHHUs, MOBIUSIO Ha
COKpallleHHe BEIMYHHBI O0IIero a3ora, gocdopa M Kamus B OTICNIBHBIX OpraHax pacTeHUi
tomarta. [lpu muHepanpHOW cucteme ynobpenus B HopMme DoH+Ngy HakoIjeHue a3ora B
HAJ3€MHOM YacT (B IUIOAAX, CTEONSIX U JIUCThAX) PACTEHUI TOMAaTa MOBBICUIIOCH IO CPABHEHHIO
C KOHTPOJBbHBIM 0e3 ynoOpeHHss BAPHAHTOM M COCTABIISJIO COOTBETCTBEHHO IO OOIIEeMYy a30Ty
0,23%, 1,86% u 2,58%. I1pu oprano-munepanbHoit cucreme B Hopme @oH + Ngs+ HaBo3 9 T/ra
HaOJII01aJ7I0Ch MTOCTENEHHOE MOBBIIIEHHE O0IIEro a30Ta B CTEOJISAX U JUCThAX PACTEHHN TOMATa,
YTO COCTaBJISIIO COOTBETCTBeHHO 1,88% u 2,62%, M HEe OTMEYalOCh IOBBIIICHHE B INIOJAAX
BEJIMYMHBI OOIIETo a30Ta 10 CPABHCHHUIO NMPUMEHEHHEM Pa3IMYHBIX CHCTEM yIO0OpEHUH.

B mnomax Tomara conepskaHue oOIIEero a3oTa MO CPaBHEHUIO ¢ MUHEPAJIbHOW CUCTEMOMN
(®on + Ngo) ymobpenus cocraBmio 0,22%. Conepxkanue ¢ochopa B Ham3emMHOU Omomacce
pacTeHUil TaKk)Ke CHU3WIOCH MPU YMEHBIICHWU TOJIOBBIX HOPM YAOOPEHMI NMpU MPUMEHEHUU
pasnuuHbiX cucteM yaoOpenui. [Ipm npumenennn Do + Ngg (MUHepanbHaAs cucCTEMa
ynoOpeHuil) HaKOIUIGHHE U cojepkaHue oodmero ¢ochopa B pa3HbIX HAA3EMHBIX OpraHax
(TTotb1, cTeOIH, INCThS) cocTaBisieT cooTBeTcTBeHHO 0,11%; 0,26% 1 0,47%.

Conepxxanne ¢dochopa B opraHax (IIOAbl, CTEOJM W JIUCThA) NMPU 3aMEHE YaCTH
MUHEPATIBHBIX ynoOpeHuil B HopMe PoH+Ngy B OpraHo-MHHEpaJIbHON CUCTEME yI0OpeHUl Ha
OpPraHUYECKYI0 B DKBHUBAJCHTHOM KOJIMYECTBE COOTBETCTBYET COBMECTHOMY WX BHECEHHIO B
HopMe @oH + Nss + HaBO3 9 T/ra, 3TH MOKa3aTeNU 3aMETHO TMOBBICHIIMCH COOTBETCTBEHHO JIO
0,12%; 0,27% u 0,49%. Ilpu ycraHoBneHuu conepxkanus odOmero kamus K,O B HamzemHOI
O6uomMacce (IIoapl, CTEOIM M JHUCThs]) MOJyYEHBbl aHAJIOIMuYHble pe3ynbTarhl. IIpu oprano-
MUHEpaTbHOW cucteme mnpuMmeHeHust ynoopeHuit ®on+Nys+HaBO3 9 T/ra Mo CpaBHEHHIO C
MuHepanbHOM cucreMoil ®oH+Ngg (MpU HSKBUBAJIEHTHOM KOJMYECTBE 3aMEHbl a30Ta) IO
TOJIOBBIM HOpMaM OTMEUYEHO 3aMeTHOe MX MoBbimeHHe. CoaepkaHue oOIIero Kaius B IJI0JaX,
CTEOJISIX W JIMCThSIX MOBBICHIIOCH cooTBeTcTBeHHO Ha 0,02%; 0,05% u 0,09%. Ilpumenenue
MUHEPATbHOW, OPraHMYECKON M OpraHO-MHUHEPATbHOM CHUCTEM YAOOpEHHS TMOJA TOMaTaMu
CIocoOCTBOBAJIO HAKOIJICHUIO OCHOBHBIX nuTaTenbHbIX 31eMeHToB (NPK) B HamzemHo#l wactu
pacTeHuil 0 CPAaBHEHHUIO C KOHTPOJIeM (HE yIOOpPEHHBIN BapUaHT), 3TH BEIMYUHBI 3HAUUTEITHHO
MOBBICUJIMCH MO 00111eMY a30Ty, pochopy U KaJuio COOTBETCTBEHHO. Tak, B MIogax oOMHUK a30T
BO3pOC IO cpaBHEHUIO ¢ KoHTposeMm Ha 0,02-0,12%; BamoBoit ¢ocdop - Ha 0,02-0,06%, a
BayioBOM Kanuit - Ha 0,05-0,12%. BeiHOC MUTATENBHBIX 2JIEMEHTOB B 3aBUCUMOCTH OT Pa3IMYHBIX
CUCTEeM MPUMEHEHHS a30THBIX yIOOpPEHHI MpeicTaBiIeH B Tabnuiie 2.

BriHOC TMTaTENBHBIX AJIEMEHTOB W3 TIOYBHI 3aBUCHUT, KaK HW3BECTHO OT YPOBHS
COJIep’KaHUsl WX B OCHOBHOW W TOOOYHON MPOAYKIMH, a Takxke ypoxkaiiHocTH. [lo Bcem
BapHaHTaM C IPUMEHEHUEM Pa3InYHBIX CUCTEM yI0OpEHUH, BBIHOC a30Ta C ypoKaeM U ¢ 60TBOM
(fTucThsi, CTEONMM) TOBBICWIICSA B CpPEOHEM IO CPaBHEHHIO C KOHTPOIBHBIM BapHAHTOM
COOTBEeTCTBEHHO Ha 24,24-93,52 xr/ra; 0,3-2,95 kr/ra; 0,6-4,1 xr/ra o Beirocy azora (N); 16,08-
48,44 xr/ra; 0,09-0,72 kr/ra; 0,23-1,41 xr/ra o BeiHOCY (ochopa (P20s) u 51,42-135,9 kr/ra;
1,26-5,96 xr/ra; 2,43-13,0 kr/ra; mo BeiHOCY Kamus (K,0).
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Tabnuma 2.
BinsiHue pa3audHbIX CUCTEM YIOOPEHUH Ha BBIHOC OCHOBHBIX IMMUTATEIIBHBIX 3JICMEHTOB PaCTCHUSIMHM
TOMAaTa B aJUTIOBUATIHHO-ITyTOBO-JIECHBIX TTOYBaX (B cpefHeM 3a 3 roja)

= BriHoc, Kr/Ta
=5 6 = Bcero
s = ) € boTEOoM Kr/ra
g = g o TUTOJIBI
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Munepainb o » 2 ~ o 2 & N & 2 N S
5. | don+Ng p 462 | 3 R L R - - © 2 D
Hasg = N S g 3 3 0 Q
Dou+Nyst+ Oprano- 4 o o o N © s, < 3 9 © s
= =) e 5 ~ e - ~ 5 S
6. | HaB03-9 MuHepanp | 487 S S > o ~ = < © P> o
/ — ~ — ~ N 134 S e} IS 9 © =
T/Ta -Hast
Muepann IS © S ™ ™ 3 8 S & 8 n 3
Hasda — — @0 - © « — © ~
+Ngot -
Donu+Ngy Oprano © < 0 - © o - 3 s ) 3 5
8. | HaBo3-12 MUHepanp | 528 b, = ~ o S s > o ~ s pect Y
/ - N — ~ @ I32) A © IN <9 ~ N
T/Ta -Has
9 Hago3+24 Opranu- 514 2 19 2 0 10 S A Q & > © b
o = N, = 3 ~ o S N 3 8 © 2
T/ra yecKast = b= & S = o Q 2 i

[Tpu npumenennun ®oH + N75 MUHEpaTBbHON CHCTEMBI YIOOpEHUH BEIHOC a30Ta B TUCTHSIX
tomata coctaBun 8,88 kr/ra. Ilpu 3amMeHe YacTH MHUTATENBHBIX DJJIEMEHTOB M3 COCTaBa
MUHEPATBHBIX YAOOpE