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CHANGES IN SOIL GREENHOUSE GAS EMISSIONS, ORGANIC MATTER AND SOIL
MICROBIOTA UNDER THE INFLUENCE OF EROSION CONTROL AND
CONVENTIONAL TILLAGE SYSTEMS

Gergana Kuncheva, Galina Petkova, Jonita Perfanova, Milena Kercheva,
Viktor Kolchakov

| SSAPP ANi kol a Poushkarovda, Agricult:

g.kuncheva@issapp-pushkarov.org

Abstract

Water erosion is the most significant degradation process of Epicalcic Chernozems,
occupying large parts of the Danube Plain. To prevent and reduce the negative
consequences of water erosion in agricultural lands, a number of practices and
technologies are applied. An experiment with wheat and maize in rotation with the
application of up-and-down slope culture (T0), traditional contour tillage (T1) and erosion
control technology (T2), including minimum tillage with cover crop before maize sowing
had been performed for two years. The content of total organic carbon, labile organic
matter, the number of main groups of soil microorganisms, as well as CO, and N,O saoill
emissions were monitored.

A higher amount of ammonifying, spore-forming, cellulose-degrading
microorganisms, actinomycetes and nitrogen-fixing bacteria, were reported in T2 variant
under maize, compared to TO and T1 variants. Minimum tillage (T2) under wheat resulted
in higher numbers of actinomycetes and cellulose-degrading microorganisms during the
spring and summer months. Soil CO, emissions under wheat were the lowest (29.2 kg ha™*
day™) in the minimum tilled variant, followed by TO (33.2 kg ha™ day™) and T1(32.3 kg ha™
day™) variants. The average emissions under maize at TO variant, compared to the T1 and
T2, decreased, due to the compaction of the surface soil layer, result of more intensive
erosion processes. The N,O emissions among the different variants were insignificant, but
overall, they were the lowest in the T2 variants. Average total organic carbon in T2 maize
variant was the highest. The labile organic matter increased during autumn in the
conventionally grown variants along the slope (T0). [ inimum tillage for maize and wheat
growing on slope lands with the inclusion of pre-crop in the rotation, had a positive effect
on soil organic matter, microflora and GHG emissions.

Key words: water erosion, minimum tillage, cover crop, soil greenhouse gas
emissions.
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11 o jHjdedj

s OB tsdzOIsdzdIsj yJjtedetsL j i3 (s OMlsOdatsL j-j3d 5L dnOdzdid c
ftesyj Md GosteOHd dz2Otkzh j dZO0O MstekzSskzte®  dzadms Ol
Oc tc j cOilkevh 2(q15; Kercheva et al. 2011; Rigelink etal. 2015) , € OCIts  tMmtsB j
ZO twjdjvWO d CazddBwOIlsO dO | kz2dOs M OO t0s dzd dzO, ¢
f sye d.
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1 syoe Ol O, COts SCodftsdzj dzls dzO t5Cs5dzdzOlSO Mtc H
dzj ol LsBdzsoadd3 ftodetsHj dz toj MPhPdzj¢ sBlss HCcEDH OF
ftetsyj Md. Vinmndecdzseddlsy L O fOLoOdzi dO § syo OlsC
9l LHj2Mlsadjsts dzO BOh ddedlsy o1 ek ftsye OlsO, COls
sBtcl M Odzj ZzO0 f dzOfmls O-RO dEkAB s is 1O dzBdEDY d 2O , COIsts fMi h
LOf Os a®@®0OMIsdlIlsj dzdzed sy MlsOIsi yd (Ji n, 20009; Chow:

ftod zOG Ols CObts fHARBHYHN O ftOCISdECO LO kftOo dzj
fsyoadlsy Is HjGtOHOYdsdzeddlsy ftesyd md, otHBRO Jkt
LOGEZBO O Bdtt®idafsfttOLCEHSd L O BttOBISCO d2O
ftsol crndetsMisdedisy WdLduyded d otsHdzed Mots2Mmilse ©, Cts54ls
BZOBOdzj dz tslslss¢ (Haytham Salem, 2015). 1 tyoejdsdl
WEdeS ydosdzd tcOdzj Ists dzO ff tod tets H dzdjlsCits df My j dgt) ¢ tof fiy-stets) f OBEdE
Bl L ts dz0 Odzstetsf 5G4 dzded Mdslzh jdzdw d ftetsdsj dzed o €
al ., 2020, Li J . et al ., 2022) . dlstczC IsktcOIs C
d3thztswdzlsteO MO ddesc ts ulzafnlsao[lsc;dz dz d dzHiff§ dDesasder L
( Qi u, L., 2021, Li et al ., 019) . ] Hist | dzdzj «

Mol oL Odzd M Jd3q’fr]q’dlsj dz© l]’OtGdzq’Qtsaq’ GOLte ] d I
fsyoJ detslsts st Oded ydets o j M jMmlsets (Liang, 2019) .
Aj dzZsO dzO q’Lﬁ]dzJHsOdzJIsts J  JHIOs O i teaty Isid odis]j tootsdz
stcOHdyddedzd MdMmlsjdd L O BOBISCO dO fftsys OlsC
Yyotj oadyoO dzO dzOC dztsdzj dzd Isjtej dzd, o1 ok ftyoe j detslsts
sfdzsodzd ctokzfd BJCteststecOddL i3d d J B3dMddlsd dzO O

[ OjtcdOdzd off d3j IstsH

RLOJHJdA ] ,ijr]q’cjt;sqc,Bcjdzls LO fitad HoJj GBH(JM,
2O MCdzsdz M ,20GEgEEERE (sdzj dO R Ot Ay . 1 EkhC
sB dzOfMls t M, . JOtGo[Odzlsq’lsJ Csdlsts MO dLf dlse Oded
20 MC s R@OK T Sdd0 Ctdsbtdd SBOBGSSO &O f
CzdzsztcOls O u’tstslsq’ats,;tetqu’tsdzdzO Isj mndesdzse W (T2).
sBtOBBISSCd d ftejHSEZdEZEeO® MdjH " jddyo, ftojH(
L jdzj dets Iststocj dzj t slsOydvwisO0 @gdQdzlsd Lw0 teh PdzGIs € @fs |
fhjddyo fmj dtL d34fnlsa€) sls o90QtedOdzls v 0 L O tslsedzj yH
fhjddyo Bjhj o tslkOydw M vl LO yoOtwjesdyod
fhjddyd MO o tBtel " jdzad l Hfteslsdotsj tetsL d tsdzdzO
yotej odyo.

[ BdMddlsj > flzQ8 CIPO dL di3j o Oded Ho O fJ Isd 3 i ydzts
fJtcdsH. RLUYBAELOdd MO  ZOMsddOMtsed CORjted L O
[Bhslsts Ml Hi toy Oded j§ dz0 steceOdzed yj dz 91 cdzj tetsH [
BsHdWdydteOdedy &j ssH 20 v Qotgdzlzj [ HIdIEde S @O B tizts C o L
(NH4) 2. SO4. FeSO4.6H20 Isdlstezeo Odzj, W Jj dzd &z Odzls tc Od
(Addzyj o0 d Tsadilas 2002. | OB d dzdzd V¥ Is, s¢ d madzv
(POXC) j ®wfftjHjdjd fts Cul man (2012). | PHgpHIi Is
(SI R) BJNJd dLYitsdzLoaOdz LO dJLdBjtcoOdzgj dzO dBBJSCtotsp
i3 stsH O dz0 -ANoydseal on Ander son d Domsch 1978)

BgStesstec Odzd L &3 Is § BJhyJ sftejHjdzvdes o tenlz I[seli tot
mjlsjteslstetsW dzdIlsy B OCtEQdzd do MOAIF sty z Oc Otc, OCIsc
d BOCIsjtedd, Eme tswo Oh di afidtds] e O dzjSeB dzgEizwistis) Az ©Oc O
Mol eslstetsW dzf ] GEiBIdMcj HO dz2O Czapek, yYjdzkzdztsL sttOL G
i 9l trlz MejHO dO Hutchinson, OL slsW d ¢ mAfhbwh d B
(Grudeva et al., 2007).
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t JLizdzsOlsd d BMi ¥ HOdz]

#l Hl ey OdzdjIsts 20O BwcOdzdydts ojh jMmlsets o By
JtiedsHO d&O 9 jcjlsOydwviso (ftesdzj s, v iIsts d JMmj dg)
i gdzjtesH o Yo OIsO (1 [1) -84 it gt tdech Ods @tc s Asaals| dza®d
tcj odyo fm ®lsedzj ¥HOdzj dz2O fJtojHSEZdzsEteO (IsOB dzd v
Il j-odfsCts ftcd vil. ltjL i tcoOlsO esHddzO oMy
Ldzdydw. JltjL oltteOsO esHddO ls j S MY jteddj dzls C
MsCdlsy SCtdzduyiMlseaO® ecOdduyjd ol cdzj ssH MO t6j
tOBISCd U2 LO Hoj Chkdakskted (1, 48% LO §hjddyo

OQtcfludzts Ml Hi 6y Odedd dzO fYoyeojdz tstec Odzed ud dz
Ms?2 (HdoGldd ydd GBtOBBITO d&O ftsysC
d ol tcralz MejHdes jtosL JtcOdz s OteBsdzOlsj dz Y j todz

5 g

| Otcd Odzls s dlsbk 2021 2022

Q

) ) -

T0.1 5 ¢ dfs dzO lstequuqt}hoijzgg 11'
Ot
TLuo e OH d yd s dadzs , omoamqaclﬂofgj'zgg .

‘ 1hjddy 1, 35ab
T2l eslsda bl dBddO0 5. 7o 1 44af

Ck)-b_bl\)
ool el e T %

b
a

) T2 T ) T A2

1 O2MdME slsts Csdzdyj Msoas BwBCtesBdOdzj dz 91 g dzj totsH
(OB dzdfy®j 2 )i o OISO eBHJAZO Bl dL Mdzj He Odzj sts. 1
JMddzlsO dzO0 2022 6., 90tdOdzsi Is v 29 diffe¢ tf h S sEEfNP]ish
dCtetsBdOdzj dz o ¢ dzf)esH] Edngy Ao dguOls O Bd < tetss d O dzd
OtedOdzls -dzdM§d fsd&Pyupd MOoedzgjdedi M vl  v2.

vsOBdZdYPdRitse dOdzj dz o Gdzj sHY) , CupOc SEmLPB 6B H O jgdzd
Mdzs?2 ftod ttOLdzdyded fwOSlsdSd LO tBttOBtlISCO dz2O0 { ts
Mtcj Hdze jtosL JtcOdz s OB sdzOIsj dz v j toedetsL J O3

] Oted Odzls s kzdzls iz 2021 2022
1 h j dzd - 24,59ab N5,7 28,63a N2,2
0.1 5 Me@swO, BBOHIY (o4 g 2216afB1 2516a 6.8
1 h jdzd - 25,86bN7,1 30,67aKe,1
A Otcj o« 23,38ab \B,3 28,73a \4,7
1 h j dzd - 25,09ab 2,8 28,73a N6,3
A Otcj o« 23,40ab N1,8 26,36a \N4,6

TLuoteOHdyd tsdadzts, dzOf te

T2 tslsdo s oL s dzdzO

| OB d dzdzd v Is 9l cdzjtesH Mmihts Bjhj HtejHjdZvd o
fjtedsn, ki2 ¢Okts kOLJd &OsdadC, i ¢ dyjyetsHOdzOL OF to
ykzoefmlsoadlsj dzdzOls© €1 3 ftesd3j dedlsjy o Lk tcOG dfy A zdz®ls @
Mtcj HO o MiOoadgjdedj M 1 [J d Cmic (Cul man et al .
sls ttecOdzdydes o4 h j Mlse 5, Csjbts MmMdzeyd ¢¢OLts dL
BdCtesBdslsO d CWiss OCIdodes | fBHAEESYJ O dO tLOL

I 4 jtedds daspoO, fn PYOXCdz iy Ytsodh OeO ftod o0tk
slscdzj yHOdz 5 fsMsCO ME dsdd, ¢ tdo |jdydtsdOdzdzsts,
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RGNSt Stsddyjhmsos o Istedlsj dLfdjHeoOdd §jtdsHO.

fetsdj k0, CtddyjmMsetlsts O kL ¢ qdasdszjfds do | dgddgdia
sBtOBEISCd M oCd* YoOdsj O ftjHSEZdsEZEO. 1tjL
ROBEEsets ftod Csdstesdddvls oOttdOds v0 (Wde. 1).

POXC, uapeemua POX C, nweHnua
q-.,é e o _m E a

TO T1 T2 TO T1 T2

B Nponer @ Nato @ Eced Il Nponer Ml Nato [ Ecen

AdEGO[ OB ddzj dz oPOXQY] tH 6OL dzd ydzd §©0OCIdCd L O
fsUo OO d Glcdifwed O @D BEBESs jtosL (eOd sOks

(mg kg™)

lted o90ttdOdalsdlsy fm " jdedyO, O di3ts dzd W-af i s OO d Is
ydmdzj desfyls f toed 3 dzed BOzdz©® BtcOBBISC O dZ2O § sYye OO,
LOMWISO ftoj HS EZdzls zZtedad IS tin j ¢ tisldp)shsiotfcly . 1 tod YyYOteJ
ofmMduysd ¥oLd | -EOdtse fdaEzdtfitmMisots MOYtetsW dIlsdzad B (
2. [dddBZ3Odzdzdls] tBtOBSISCd L O tslsegdzj yHOdzgy dzO fh
otsHWI -apMESd SCdzdyj Mlsea © OCIsddesdzd y4J g, sIs@OE W te
fitcodlsy Hej WOLd, O { tcddzdapidsiBotafsp@isfO ffldtgid frpGD tocfGDRdk
stcdilsy dLMdzjHeoOdd §JjttdtsHO.

Ajdb dzsL BtcOL Oy HON ] ®IStosttcOddL &8 MO ke
sBtOBGISd (uv2) d fttd Hejlsj C keasdvcdis s &gty i
©OMmisdlsj dzdzd MisOli yd, COCks d dO oC d* ye Odaj Ists d
L &zOydlsj deded Cmdzdyjmlso O BdStesmSsfidudd c¢isd Mo
Yyotejodyo. JstetsWls dzO &qdCttshs s flaPpydedls fdzj ez o 6 j { o d My
9 Oted Odzgls uflyO, fhijidets MO Blyjlsjdd fsodhjdz Btos?
fosdjkk0 d d&Vssks.

dLBYJCMdEeoh dlsj] &S ettt OdadUidsd d M@ s ddagnlss
stcOH d yd s dzadzd sBtcOBBISS d, fts dzO ¢ dzts 20  dafad M & dzts ¢
i Hi oy Odedj dz0 OL l, to] LodiddFsdzs Bls dzdivOc B B S
sjdHjdzydvls® d LO Itedlsj dLmdzjHo Odd §jtedsHO {
YyOtej 8 dyOls O-mdpdzdaty dfilcOL j dz2O0 ftojL Hotsdzj slsO. 1 tots df
GBS teottecOddL Bkdlsj, bkMmMowswoOhd ddddsj cOdzj dz OL s5ls (
Cizsd, folOtw IsjdHjdyddlsy &0 OLtk¥ dSMdLon disj
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AMOHWDHUMPALWM GaHTERMH, AMOHUHLMPALH GIKTEDH, AxTMHOMMLIETH, KOE 108 gt |
LapPEBHLE NWeHNLE MIUEHHLE
4000
3000
2000
1000 - ‘.
TO T1 T2 TO Tl T2 TQ Tl T2
B nponer [l nato [ eceH M nponer M naro M ecen B nponer W nato [ eceH
AKTUHOMMLETH, KOE 105 gt | WMukpoCHONMYHK MefK, KOE 105 g, WMMKpOCKONWUHK MsOK, KOE 105 g,
LapEBMLE MIWEHHLE UapEBHLE
a
3
2 —
1 = g B
0
TO Tl T2 TO Tl T2 TO T1 T2
B nponer [l asto [l eceH B nponer [l nato B ecex W nponer [l asto [l eceH
BakTepun Ha CAA, KOE 105 g7 | BakTepun Ha CAA, KOE 105 g | AsoTdMKCKMpaww Gakrepun, KOE 108
NIWEHHLE LapEBMLE gl , nweHnya
40
30
20
: N — = L
10
i
TO T1 T2 TO Tl T2 TO Tl T2
B nponer [l asto [l eceH W nponer [l asto [l eceH W nponer [l asto [l eceH
AsoTdMKckpaw Gakrepun, KOE 108 Llenynozopasrpamgaw, KOE 108 g* Llenynosopasrpamgawm, KOE 108 g
gl yapEEMLE , NWEHWLA , UApEEMLE
TO Tl T2 TO Tl T2 TO Tl T2
B nponer [l asto [l eceH B nponer [l nato B ecex W nponer [l asto [l eceH

ANGk@®dRdzj detsls dz0 hdzseo dzdlsj Gl d &dS tessted Odz]
Mdzs?2, ftd tOL ddydd Mdmlsj 3d ZO°EOE@E SHED O S
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CO, emissions

120,00
100,00
£0,00
60,00
40,00
20,00

0,00

april may june july august september october

W uapesrua TO M wapesvua T1 M vapesvuza T2 I nwenwua TO Il nwedvuya T1 Wl nwedwna T2

N,O emHUCHM

0,5
0,4
0,3
0,2
0,1

0,1
0,2

april may june july august september october

M vapesvua TO [ vapeswua T1 I yapesuua T2 I nwesnua TO Il nweHsua T1 Il nwednua T2

NGt BH dts B M uded f t5yo §(kgdia dagsy f dQi(kytES'dago
ftod tOL dzdyded MdMmlsj B L O BBKOBIE O dzO

ticdmbiedeOddls »jsBIHfEdo@BOCH,] §sodh Oo Ol &l
MO a@Mtstd ftejr &iMmiy ®dd. af QHitly we@d j i3 O ¢ Lk
o jlsWisdats fj HI dzy Ol &0 dedMS O o &zOy dzsfyls, O- ftojL
dMCd j&fjcOlsktd.

s OB dzd ylOts a j dzd | &i3d f@gha Wg') C GO (Kg ha'day?) fted wWOL dzd
BtslsC O

mMdMmisj &3d L O BBtG s O f tsye OlsO

CO,, N,O CO,, N.O,
1 0t d Odzls d szl 2021 2021 2022 2022
T0.1 5 ¢ dzts dzO, 1 hjded 3544a 0.036a  31.04a 0.089a
Istc OH d yd ts dzdzts K Otej o 2951a 0.048a 21.52a 0.058a
TL.uteOH d yd s dzdzts, 1 h jdgd 37.46a 0.009a 27.16a  0.057a

O toj ydets dzO@ MC kA Otej o 39.00a 0.044a  23.8la 0.035a
T2l islsdotsjtetsL disck 1 M j dzd 31.52a 0.008a 26.86a  0.057a
lsj o desdzs e d W AOtjo 3976a 0.036a 2447a  0.036a

29



[s{[f4RrRC R b1 fprrimul rofrrvdf)1orRIDVEHRY [ &5 dd ARCH[ R

v OB dzq YsOs t5). d&zO Y ts dzded € 5 jCOF judfq igabeflhazagy”) d ud fdzj dets
20 ftsye jddisj &< tetgaoned Litds & [t WA, 58 [dIO dij %) |
9| @ dzj tmic (mg 100g™") , dzOB d dzj dz POXC3(mimjgie)ts H

. 1 hjdedyoO AOtcjoadyoO
P 5COL O] ad T0 T1 T2 T0 T1 T2
P Bsdd¥ Jydqwon ¢ & 041 031 036 067 -051 -075
0CIsd des B yjlsd 062 006 -056 -029 -025 01
[ StmMC s dydd ¢ -024 061 011 051 04 -0,05
1 0Ckjtedd &0 wéd¢ 014 032 -008 02 041 05
oL dCMdwoh d & 034 053 -028 084 -011 -0,37
Aj b 5L 5660OL @y 010  -087 -079 -03 -032 046
POXC 011 013 -012 06 025 -03
1 [ 031 022 040 0 034 044
N>O 0.0l 040 -068 -059 -069 -0.72
Cmic 026 090 075 -097 061 0097

v OB dzd YOS t6). &ZOY s dedzd € 5 jNe@ Judf g Iab dfihaZagy™) d  ud Mdzj dets
20 ftys jddisj d&d¢< tosigle@enzd L @ [fis w00, 1 [1 (%),
91 G dzj #mic (ng 100g") , dzOB d dzj dz POXGCE(mimjgtd)ts H

. wheat maize
P BLOL Ok dd TO T1 T2 TO T1 T2
O BEdRdW dydEon g 050 049 053 021 077 06l
0CIsqddzsd3dyj Isq 027 -057 062 045 036 048
[ dSttsMs sy d ydzd 014 077 056 034 -019 0,07
10Cjtedd dzO 044 -02 025  -028 02  -0,29
dLY S Mdon d 026 027 073 065 036 021
Ajdz L 56OL Gt -013  -0,12 02 00l -038  -0,38
POXC 060 -08 033 -0,16 04 011
1 [ 0,89 -0,68 0,8 03 074  -0,54
CO; 001 040 -068 058 -069  -0,72
Crmic 097 -047 069 052 -075  -0,52

tej Hazd s j Bdfls] fds0uo@B O  fp@f M didkd(hadd@sy™) f ted
Bd dzd 3O dzded BwOBISd ftod " j ded yO, kgihazidayd)O ddd Tslls
(32,3 kg ha *day!) . wwjnHdedlsj fslstsyd( Wadaj oafQOJ Odals MtdO o
9 OtedOdzlsdlsj w1 d -dzmShpQ@ sCOfdissy & HI dyd dz0 b
fsol ondesMisdedw ff sye j dz fydzis[Azls p dzL tefjo Lddfdzls Pts s L df @ dzdfzds
[ BAMd dlsj.fde@ @®dOdadsdlsy f bwOHdYydddzO ¢ tsdzlskzts dzaC
tcj®@dQ MO Bifdd]j dloded o MtcOo dzj dzd J l Codzlstets
i o dyoOls0O J i3dfipdd I8 i datkd ZO@ ¢ tod TO € tsdzlsaedshgtss, f H t
dmdd MO Bddzd fted o zOcOdzj dO ftojHSEdSEZEEO
2y d dz20 o dzj Mj dzgldtg st asO dzd Y dzts  ®
t OL dzd S dlsy o (OsERdlakz @wOLMJyddlsj o 0ttdOdelsd
Isj MOdecflPRd SOt ywdzts tod d3dded B3Odzdzdflsj tBEKOB S
slsyjljdets  fted Hojlsj Skdskted, ftjL Hojlj GtH(

lteskzye Odzj sts  kefidsipifistp d MtdfjtsH dz@ € B iz Wi figls 99 Ote d O dzk
B3q ded BBOdzdzd tsBtOBBISS d, ftojL oltttOlO ctsHddO.

yo
yo
J @B
H

J
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Bd CtetsB d Odzdzd W IsCmic) ¢ tpPteh ¢ (zj esHdzd WteOC ydd, Ctsd st
stec Odzd ydzed o4 h jMmlse O, AnOteOSIsjtedL qeOh d M M CteC
MudlsOofssyz® miseo dlisj dzded dadzH S Olststcd L O EZ§ftcOo dzj dzdj d
1 [ ( Nandan, 2019) . 10 ttOLdEZdCO BlIs Httkzed { tots|
zOB ddzdzdIsj WteOCydd fHtod tojHEZYdqtcOdzd BteOBtSISCd (S
ZMmlsOdztse j dzts [z o j dzd wj dad jo Cds@ ORABIOC ) ¢ tsdzo § dzy d ts dzO dzdk
dMidededlsj 3 Mmjud, fGeddsyjdd {§td JShYfjteddi dlso
fjtedtsH do digBE d Ctsdzd yJ Mlse O POX C md dzOB dz6 H Q9
ftoeslsdotsj tesL dtsdzdzd tBtOBBISC (.

l o d&zOG Odzj Ists dzO d3d dzd 3O dedsts| bso jtedDBUsAsL @dzi ode® € s
ZO0 o jyjbts ctwkzfd BICtesttee OdzdL disd, COlts Odtsdad
cOLGCtOYHONd yj dZzEdzsL OO BISC teststce OdedL d3d. [-d S et
BOdzsBtes2dzd ftod o0OttdOdzsdlsy M d&3d dzd d30dzdzd tdsBdS OB 15
fteskzyeo Odzgj d2O Janusauskaite, D. et al., 2013.

] ZOMmistswh tslsts  dL Mdzj He Odzj BJhj ZmlsOdzats o j dzO
fslssydlsfy CTOI, Cmi c, ol 9 oMmMduyusd o0ttdOdzs(d, HiSC
slstcd yoOlsJ dzdzd . ststej d&ZO(Yg@BEsdg. dBO®) CO BotswW &z Mo
OLslsWdemMdtecOh dlsj BOCIjtedd Mmihts MO lstedyOlsj dzdz

Cttej zOydd L O jABd g Flagjizddz@ MBe OO Odssdzd ¥  ydteOh
BOCIkjtedd ol 8 ofMmdySd o0OttdOdasd. st@] Oy Y IsO P@KHA
Cmic 9l 9 ofmduyuSd g dGedd)ddsd @goO jsteiffy Ols j dzdzO ( IsOB d
BjYHE JjBIMddlsj dz20 Ho OO fOwdedSitsad cOLO | lsted
da&3 fted ofMmdyus dr=4.828J tco Odad v

tdLEzdzsOIsdlsj s ls Csted dzOydtsdzdzd Isj 00z06d L  da
Bdsdscdudsdlsy FOE®SERFBIBSOCH WYwosSyddls) d&O G
fsCOLoOls, Yd d &30 o dzd W dzd | ol tcrnk cOLBOdIs] ft
Biljtesdzsedydsd fCOLOIjdd d WdLduyded Mmets2Mmlse O
soi tcHtsMIs, o dzOy dzsMmils d Hts.

1 OC dz6 yd ded §

stsdzo j day d 5 dzO0 dddefslds i€ d s t® tslsc dzj y H Odzj dzO fhj dzd -
GOC desdzj dzd Isjtoj dzd, §todzOcOded § 5 -dathfzts dz@®i EHzOts §O ¢
@O 1 [)], POXC -dedBMicSeEdzd 5j Miso O dzO@ de" Ss5d ckyd

1 o ZOGOdzj sts 20 o5d dzed BOdzdzd 5B tc OB EAOS f toge® S f g dr
9 tlsOydWIlsO, o piEsiCds Hie Hitsy Odzdj &O 1 [1 d &OB d dzdz
COCkts d HE kojddyuOeOdj &O CtddyjmnssOk0 &O f
fsys OlO. [&dMddls] dO §O0wdkdCsesd cOLBo] Gl {t
sBtcOB sls@deflOjdzls d ) dL Cdzt yjdedj dzO 9 OtedOdzls© yYyOts,
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Milestone - a significant stage or event in the development of something.
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BesesW OC ststeded fsdzlmMCd sHdlsd M fhjddyd d yYyOtj o
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fojnftedvisdy " o¢ctetsadddujATSElz pd@als) teizjndgy) odh) Codfl sd H
1972; Benevski, Sadovski, Christova, 1973; 1 jdzgjomMSCd YW RHfoszL 91DAZCB

36



[s{[f4RrRC R b1 fprrimul rofrrvdf)1orRIDVEHRY [ &5 dd ARCH[ R

4 dzj € Is tedsidaqiafsin dzd Is § dzdzOls OL9O" O slcGODdzdzdY dL ydmdzdlsg

Gts. t 2mg , COlbts HfisEtOBdslsts thMdekztew o Odsj J &€
l dzj HicW 9 Odzj Ists dzO ftej ftstel CdIlsy J dL ol teh jidgskzfiggd Isj
/7 eBEZYJ ®, wOHBOMSd, 1975; ,itBlkzyje d Ht., 197

| Offzlzy Oo O HaRj i, UsiB ji] 6o OO fEEeBSEEOBO L O !t
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B3d S tetsj dzj d3j dzls MO kB dzd ¢ Iz @@lhizdchew, 1987 H dztg Ots s @ Is dfi ¢k
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g kOLd MdMmisj BO jyjcetHdts Mj HOeOk ftjfst ¢d
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o}

39



Ls{]L{JIRC

R O JfF JTorimmul rodfrr1vdf1 6RIWLVEDORY [ 4SS 0d ARCOS R)

AHCTUTYT "H,NYWUKAPOB™= CO%111 AATA 4/ 871982
UIYHCAUTENEH UEHTLP T6r & 01

AFPOXUMUYECKA XAPAKTEPUCTHKA 1 NPENOPbKI1 3A TOPEHE

OK:br 16 PA3rPAJCK: NOoNE # 32
A K 7 S TN T T T
HACMACTO 802 KOCTAHAEHEY nous,reyna 3
BPUrALA | naod 1200 AKA
KYNTYPA 101 3UMHA NUEHUIYA

OMAKBAH 106118 552 Kr/aKA PEKOANTHA 1983

nN04YBEHNN AlLANY 3
SE2E3SITSISSESSSITSISIISSSSEISSSSISERSIASSS SIS SRS IRESINRTERS
! DNOKA3ZATEA | CTOAHOCT! iHTEPNPETAUNUAN !
1 ! 1 HUCKA CPCAHA  A0BPA  U3INMMUWBLK §
lecnconanerane ccsccnnnals o]
! MEXJCHbCTAB ! 48,58 | Aaxaamakansnhindsn ]
3 XyMyc $ T,22 ) RRNRRAkAN fl
t PH 0 KC1Q ] Se7 ! RRRKARKANRRRARARANRR 1
1 PH BbB BOJA | o ! 1
1 A30T HUTP, ! 19,2 1 RARRRR !
1 A30T AMOH, ! o] b }
! ¢0CH0P ! 3.2 IoRkRN i
! KAMIA ! 2742 I ARARRARRRRRARRRAN ]
! MACHE3uQ ! o1 ! !
{ bOP ! «D79 ! RRRRRWRRANR 1
1 MONUBIEH : o1l ! mmakmnn !
1 UUHK H o638 ! xaxmanax 1
! MENA30 ! 3 ¢ !
{ MEA 4 N0 2 1
ZSE2SRENEEITS 2SS SIES SRS SIS STESRISSSS2ISARSERITATSSTRAAS
HEOB XJAaunni KODONTUYYECTHRBA

JESEEZIZSEETEISSIEIATSSSISN SIS IGSERISSISISICETINSASTTAR
! { {oPMA ! € P O K 0O B E !
1 ENEMEHTY ! HA H ECEH ¢ NPOAET! o] 1o} ]
! 1 AEKAP | K01=80 ¢ ! KONeBO LI H
|everccnnnn]ve wale 1 Il i
1 A30T 1 17.8 Kr ¢ 7.57T S ¢ 13.9 7T 11 21,8171
{ 90C*0P 113,55 KM ¢ 16.2 T, 1} O T 01 1617 T 1
! KAAMD I B8.3KFt 9.6 T\ 31 BT 01 9.0 T 1
! MAFHEIMA | o1 Kl 5 I ¢ H 07 H DT
{ KAAUAA ] o) X LT D8 0T 0! 2T !
: BOP 1 JIr 1 ] ! «0 KI'}
! MOANABAEH ! J ! 1 ! «0 KI}
! UMHK ) oo P ! H «@ KI}
! WEAA30 ! I F ! ) «0 Kl
! MEA ! P B | H ! o0 KI}
SSSESSS3SRRESIISIISITIISSSSRSESANISSSSSISZIISESSITRTIIZTANEE

¢ NANCBA HOPMATABHA IHPOPMALA
++ KOPUFUPAH 106:18

HoheMoCo = AMPEKU19 "PACTHTEAHA 3JAJUTA U TOPEHE®

AdEkt©eO s80BLd&ZEctcOBO dO ftjfstei S L O bt

Milestone 1980

1oL
302107 3 8
Iststcd dzd
IststeJ dzd
JWicCls.

COBSIO d f OL@RIE) ROCBREHA PGS,

1980 ¢. MO HOHjdd ftejfstel Sq

RHIMB.Odztse j dzts | ,782Q0 O sHES ds dzgf Mg

d

LO Iststej dzj
dzz y H OW Is

sjLd bkttssj M} §tcj dzOmsodPiss £ 1 WS gt te
fzshd d Ckdsbkted. uvOSCG0H]IO0 i ddE ¢d &g ¥
10 kjLd fomisdyfumyC lsads §ifo dOc wOH j dz

1980

4C



[s{[f4RrRC R b1 fprrimul rofrrvdf)1orRIDVEHRY [ &5 dd ARCH[ R

5 %V\ d NEPCOHATIHY HATPAIM HA ITBPYXKA BHUST KOMUTET

3A HAYKA U TEXHUYECKHU IPOTPEC 3A HAYYHO-
TEXHAYECKHU IOCTWKEHWA, NPENCTOANM 3A
PASPABOTBAHE UIlM BHEJIPABAHE IPE3 1980 I'.

e e e e e e o  — —————— o 0ot

Ne . Hapazxon-Cpok 2a BHenpABaHe ----HATRPARA
o & : BaHu cpex- /pa3p. / OLieHRa Uambniie- Wanbnhetine >
no HAWMEHODBAHHUE CTBa 3a  roj,edekT /x.ns. / HMe npen- mpencpoudo . 3ABEJIEXKA
HUM B CpOYHO no uY: 3 Mmece-
5 R N R i R, Ragh Doeee
OO SR NRPUIRONSY, veeneaBnigasgaad Licea
..+  ABTOMATU3ALWA 150 pueppssatie 30.12.80 T. 15

HE
ABTOMRTHBHP&H& cucTema 3a onrTuMusHpa oLeHKA -

| -~ TeropsRiTe Mo TopeHe Ba CEICKoCTotass. 2on. ebexT 2700

OPLEWTE
_Ha rmpel Ton bopMa Ha TabysorpaMi.

e kynTyp ROL BopMa B8 TEY
ANdceckteO 19] tMsdzOdzdzO dBZOGCKGLOHO dzO [ s vl
PolksBOSdLJeOdZOO MdMmlsj kO L O Octwsiddduj s
A
B

Mssf OdzMmiseots WEd ydoddicO kM f'tcds duywzd l® 92H s &30 e
fsyejdzd fteskzyo Odzdwvy ftcjtcOMlso©® o 1 tsyej dzO wdzzy B O

| Milestone 1995 i 2000

AO & tlsoadlsj ddzd dedh tsii dodzd MO MmisddzOls O
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ol LS00 0Ot dz2O MiHBIY jlsOY d2O odMs OISO Mmec
Ci fdes fs©OHG dJfMO d2O@ §sHHE ¥$O M) MNeklssO Mct
OctesidBI U MS s SeBMdEy o Odj dO Mmj &zMS sisE O sk fi @ daf;
HisBl t6 to) CSotBHljdz Mj GlsOLWs O dgj COIsdodes oi tonk

Milestone 2001 i

sdzjH 2001 ¢. Hdte] CIsstedIlsy dO RdzMisdlskzIsO 1 totst
sdzj o, ltwsW. [ JijlHd uv]jtrnOtetse, lwsW. uvBlsCO [ dIs
toj dzO dz@lgO®o O G sMmisj §f jdedzts o1 L MisOdetsoa w9 Ols  dzts te B3O dzck
OkzydzOIls©O, JSMmfjteddsd dzlsOdzdzOIsO d Hted dztsy dzO H J 2 dats
JftcOo d dzdets Is s tsilsdztsh j dzd § dz0O ftcOo dlsj dzfls o Ols (
JH] &z j Ists, Csdlsts ftsHyj dzv 9 Ols tesdzvIsO dzO fyj dzfr
szt dZOBZOdzv 9 O dzj BtosWlils dz0 dzOkzydzdlsiy tcOB lsdzd
|
s

dz0O dz. RLOOHjdzd MO Bls Mi MO O dzO® R dzMisdIlskzl
d Wkedtydd MO §twdHOHjdd ¢ &3 [ ddzdflsj tefise t
J 98 108tdkz0 L0 fsuadlsRdfgdg disfigls) dny tf dgj daorts:
sSHd @S |

i SdzsHOIj dzj dz §i s O RdzMISISkIs
dzts L j d3q s j
tc

¢
susqlsj, OdOd&sedyds dzO 1 Oyd:t
9

l'LHER O d oBHdIs] .

s L O
]

q
Wd3ts

Milestone 2018
Visol toH Y TgtedilBj dzj dz OCIs dzO R dzMIsdlszlsO 5 §tsyo st
L Oh s O dz0O tcOMisj dzd W Is © . i QEWsckefD dzmlisizi s Bte s i M j iyl
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Wz dzH O3 dels Odzdzd dzOlz ydzd i tdndiriptsipdadizd o L ) ddgOHzey@idsd v ,
CodemMkzdzs Odzls M © HJ2detsls o 5B dzOfigds(lds@ . ds@ L d j dQICHS] o
ftocjsBtOL o Ols RdzMisdlskzlsi Is 5 1§ tsjoussWdgOvdzd j R o IofdCldsa
fts i3 dzdsteOydd d-ufgicddzedd ORdzilsdilskzlsi s L O LiohdIsO
stsfmisd dzB totsH .

Milestone 2019

Visol toH ildetsjCls dzARGFHROYJSdz] dz o3) stk b ©tc jsdfjls d d
My zZMCsmMissf OdzmE § K & czs & B@E 863 Bls 17cldABdR0109
10 yeadidzj Ho Pz W S sotsHdIsj dz sYy. 1T HE©GOOGCO 1 jlsEtse O

l twjLizdkzlkOls dzO0 jSMmYfjtedd3j dzls OdzdzOls O, OdzOdzd Is d y dz
ftosj CIsO Isifp Olf sfig dzOyd d&3d W kzdgH Odzj dzls Odzded dzOEzyded to
Bdesy § Misets MisOIsdd o dOhMd d ykxHd MmYyIESPRdd "W,
lcj HMIsOe jdzd MO HBSCdEZOHd M foodzkzydddls] tjL kzdlsOls
ZOkzyded MimMdd d CtsdeW jtej dzydgo @ Sddatweski 202020 Pe
2021; Sadovski, 2021; PlsOdZzOMtso © d Hts. , 2022
Atanasova, Petkova, 2022; Sadovski, 2023a; Sadovski, 2023b; Gerassimova et al., 2023;
Sadovski, Petkova, 2023).

Milestone 2023

[BH]jd Is iezv odfOdey]f O (o ftstel Cdlsy LO Iststetso §
mdzy Hdzd Is § ntcOdzdIsj dzdzd o j h j Mise O: OL s (N), W ts W
BdCtetsy dzj o3y dzlsd BtStE ( B) | BsdzdsHjdz (Mo) d yddz¢ (
oMWCts CodStejlsds § sdzj .

[ Odzdzd Is § sls RO s PlsO MO o ¢ dz¥ yj dzd COlsts
TOEOCljtedL quOds O MY sMsedshislsO d0 fsysdlsj HO

gl hjMmlsolzoBOls Ho O dBsSHjEZO LO SftjHjdvd) dO OL

l OtcdOdzls 1 (rddzgyjeo d REBdtsdica ©O, 1985) :
RLYdmdzv o Odzgj dz0 destedZOISO N 5 W istcd3kz dzOIls O:
RN =U*Y + NzT Nh

Ci HjIsts:

RN = dtted3dOIsO dz0 OLtlsO © kg/ dka; Y tyo0¢eOdz H
LOGEBd d&O OLBl; Nh CttejCydw LO "k d dj - Odzed

leddjte: 1hjddy0, slcdjyHOdkOainglk QL dzyjd
Y =500 kg/dka; U = 0.0006*500+2.4089 = 2.71; U*Y = 2.71*500/100;
y = -1.84*13.55+62.5 = 37.57%; Nz = 13.55*37.57/100 = 5.10;
Clay = 48.2%; Humus = 2.7%; Nh = 3.726 + 0.0148*48.2 -1.278*2.7 = 0.989:
RN = 13.55 + 5.1 - 0.989 = 17.66
RN = 17.66 kg/dka

l OtedOdzls 2 ( Gar b o uvskh2020; Sadogski, 2021):Sa d o
ltod BitcjHjdwdy dO OL lsdzOIO datsteds®@ RN fyj dL

SlstcOLYo9 OO otl LCOBSO BjyHE HBSBdea O Y d fsyejdedWw
HsMisOo Wdzj dzO OL tslis.
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RLYdmadzw o Odzy dO detsted3OIsO N:
RN = (a0 + al*ZN + a2*Y).c
ZN-Nitrogen use efficiency = Y [/ (Nsoil + Nf

Cl HjB:
RN = dsttd0k0 &0 OnHlo0 o® dk ¢ /im0 YO M sfse d
sMisOGewdzy dz20 N; Nsiogiditsdztsc ¥ Qdzg & 8 jiwgdshge] jdatd ;

O H
stej Cydsdzj dz S WdydJ dzls.

L
¢
ltedtgy 1M jddyO, Blsedzi Y HOAO 9i tcalkz dL dzkzx J dz yd t
Y =500 kg/dka; Nsoil = 9.2; Nfert = 18; ZN = 15,6;
a0 = 63.76; al = -2.954; a2 = -0.0014; c = 0.800.
RN = (63.76-2.954*15.6-0.0014*500)*0.8 = 13.58
RN = 13.58 kg/dka

vittejlsdyddlsy Ml SOy jtzf"Y § gdzfiglid Z@&BE g i3j dals

fsHCtejtfwls IsjLOlO, U J st lsd &30 dzdzd Is § dzd-¢ ® dzwddgd W
Octesdets B ydz©® j W jSCSIlsdodesfls tsls etsHdh dzetslsts Iststej dzai
LO fdzcHtstecsHdjlss dzO fsysa OO d eomMdusd ¢ Hafls £tk ds
dLEtOYHOdzy 2O flsddOdzdzd dzd 9 © dzO =~ tc O dzdf dsjudedrdd, 9
1985;: [ddyje®, 1985):

RLYdmdzw o Odzj dz0 destedzOIs©O P2 O5:
SP = A.exp(B.Z2)
RP=(SP/T+U).k

Ci HjIsts:

SP-fMsteB ydtsdzj dz S Of Oydlilsjls ( dzgj sB R tsH d B3Es CdEgidgdz®] M |
Ctsdzyj delsteOydw tsls 0, 2 mg/ kg - @&0ded Wdzt® 11 ,molk fjls © dzmeC
fsye j dzs dL Mmdzj He Ociagf MdAsdedB] SCsjWdydddzsd; RP =
kg/dka; T-otej d3j L O dL GO HOM) 026 Effpus) s st WPs te; d LU
Cdzs el W qydj dgls dz@ P MOt j dzj .

lteddsjte: 1N jdadyo, Blsddzj ¥ HOAO 9ol tenlz L dzzy j dz
SP =81.6; T =12 years; Y =4 800 kg/ha; U =4.8; k = 1.1086.

RP =(81.6/12 + 4.8) J 1.101 = 12.77 kg/dka

RLYdmadzw o Odzy dz0 detstedsOIsO K2 O:

RK =U /K1 + (Zj- Zi).k2 / k3.T

Ci HjIsts:

RK = dested3®@ ¢ Odzd-2¢ tsadzd kg msaps P, dL dzj Mj dets tsIs
CosjWduyudjdzals dzO dL f szs ) Odzy d ded®ls KzgO k@L ydfmdzj dedj L C
2O tddw f§ oMl &OCHjYHQE jazslstz@; HE I Miso dj d&O dat
Zj - s s@dgdzts dzdo s dz2O0O dzj se@&Bad Bz $, EfmsOdtse j dz
dL Mdzj Ho Odigjj;BJT L O dLEOYHOdz] dzO dzedots dzO € Odzd 2 .

ltedddj te: 1 hjddyO, wlsedzj3HOO oi tcrnlz ¢ OttB dz0Is
T =12 years; Y =4 800 kg/ha; U =13.44; k1 = 0.80; k2 = 3.0; k3 = 0.46;
Zj=12;Zi=09.
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RK = 13.44/0.80 + (12 - 9) (101 3/ (12 (] 0.46) = 18.43
vl 2 COkts RK dZOHo dh 0o O 16 kg/ dka, dstedzkOO fMmJ
RK =18.43*0.7 = 12.9 kg/dka

10 dLydmozv e Odzj s dz0 destedZBOISO L O Mddzdyd?2 RS
WizdzC ydw, SlstcOL W od@NYOH Zo tcH BEEPds@ Y d Hoyejddvw
MM dzsMiSIsO L O HBMIsOawdzey dO Mddzdyd?2 (Sadovsk
RLyYdmadzw o Odzgy dO detstedZOIsO Si :

RSi = (a0 + al*ZSi + a2*Y).c

ZSi-Silicon use efficiency = Y [/ (Slsoil + S

Ci HjIsts:

RS = @stadDdIsid dzd yd?2 o k@Y addz ; H B ds 8 B3 S ilz0

M smedshislsO L0 HishisOo ™ dzj @ dBidzs ¢ §husali € 53 %X ad
iftsyeojdz SBtej Cydodzj dz S5 Wdydg dzls.

lteddsjte: 1N jdedyoO, wlsddzj Y HOdO o torlkz dL dzlzy j dzO
Y =500 kg/dka; Slsoil = 0.0533; ZSi= 27.11,
a0 =2.251; a1l =-0.0719; a2 = 0.00277; ¢ = 0.950.
RSi = (2.251-0.0719*27.11+0.00277*500)*0.95 = 1.60 kg/dka

) OOdj stedlsj, ol L GhdssO &0 Csdbks fj sfejH
d SMstcOcjdzalsd d Ctstej Sydodzded ¢ g dkduydgd fidst, W OBl stsc
SCB8dzdzZOIsO Mty HO. [ € fr] tGOG;dzlsq’ LO BBt B MO: 9oBH]
vtz LO WditsdzdeBHjdz Mo MO: sCMOzOIsj dz dLodzj &
i Hi Ly Oded jlsts dzO@ yddeS, BHtejHjdzjdets o dLodAJE tslis
sBRro OO ftsyejdd tOL dzdydw d Cedzlskztcd, slsL do y
(dlstswdzse, 19850; wuwlwdtse, 1985b; wlstswdtse d 1 J

1 StedBOO L O btstejdgjlb fp BBt Mj ftjHjdv o L O
cOL ddydw d MlsjfjdelsO dzO L OfBPkzshtstcdeB i tstgo Ols ©
25 Hts 300 ¢ Btste dzO HJjCOt. 0O {(-sydj defls js sz dagsd

100300 ¢ BfSte dzO HjC Ots.

ltoeddsjte: wdzd dgysedzjH o terlz dqL dzEy j dz yjtedesL j o3
dmy to 2;-25%0*= 450

] SsHdzstcOL Iseatsteddy 1 ste6 B 0.8 mg/ kg

RB = 450 - 250*0.8 = 250

RB = 250 g/dka

) SdzOfistswh j o8 & dzOf fsHdzj Ol 20 HBsddBHj dzso 5
BjHdd dzO EMmotsddz ddsdzdehH jdz ftsyad MmMdzj Hdzdlsjy € Edzlsk
omdyéd BBt L O M3 fesdL oatsHmMIse 5, GOn, J Mty
BOCH®,yjtedz®, HjlsjdzddzO, jMilsjflsejded dzdeOHd d O
9dHO dO CkdzlskzttOlO, s L OfOfmMj dsmislsO M EMetsdd o

ledddj te: [ B8 yjtedzO dzO Mdo O etsMi O fsYys O
dmy to 4 ; -5/026*pH-2%02*ME@S
pH KCI =4.2; Mo soil = 0.18 mg/kg
RMo = 35.62-5.026*4.2-29.02*0.18 = 9.29 g/dka
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| BteBOO L O Iststejdzj Ly yddzS Mmj GHtejHjdv o L O
tcOL dzd yd v , sjtfJjdzlsO dz0O L Of OMmj desmils dzO ftsyoe OO
WsmWste d o dzd yd dzOls© dzO HtsB d 9 O.

lteddid o0 A Ot o dyO sdtRzduOGcdztsL § d3 M d3
[ sBBdo sIs AOkjoadyO® > 600 kg/ dka
dmy t 6; y = 3118278KR3 5. 54* P2O05
P205 = 18 mg/100 g; Zn = 1.5 mg/kg
RZn = 318.8+15.54*18-112.7*1.5 = 429.5 g/dka

[BtsBhN 0o 02¢Cd tjLEZAEZIOIdI] BGls dLMdzjHs OddWwIisO {1
f Olsj dzls dzO ( LtdsBlteQdsjjddix(dptsIsis o J H tedsBic g 8 @ dzO

1 0dd3j degse Odedj @  [fruofr 1¢ JIuorfOf VL wvltrrir 1¢
sufuvut ROJd3] detseo Odzd | dzO Odze dzd 2 < d JjLd¢: ME T
FERTILIZATION OF AGRICULTURAL CROPS.

10v9CO ) otejdgjdsjdz dzscd3jte PTBG202300000239198
] SSHWh  dzsagj 20 2 B/IGI P3728 [ OO dzO LOwWeawoOdzj: 25.
bolssted dzO LB jIsjdzdjlsts MO Heo OdzZOH j MjIslsj ydzj dats
I

¢

s
Is

dlsj tcOlskztc ©
sO0dzOMmMse O, R . , 1. 1 jIsSC B89 O, j da .d3j eZOH Is 9 igfOd . L HuedDd
teOfnls;dzc{WlsG) d useJiC0O. [ S$BdsedydssS jdddgQlsie) tofifds o+
No34, 2025 f. 5

JJdZJSfr]Qc[ I ., [ . Btsdzj oM< d, ] . B stes o, [ . [
JLyBd ko Odzj 20 6] L I dls@dstetsTj d Bt M § 6isp j dasr i
1 jyOldzd yoi €W s s 1969 ¢.

JdZJE)fI]QCf [ ., o . ¢ OH BotdELidS, Is [L. O migfdifisds@ded] L d tc O dzts
peesidBd Ui MSd yjdsi 6" Sl 3 ¢l s e, tkMj.
ftej I stcl Cdlsjy 5 Iststejdzgj o L tsf)des@®dOe 2] diglju j Al
ftoskzye Odzed v, Isls  flts df "Wsyoe tsA .dzOrlzd § "1 . 1 EZh COtBse
fisj ClsdtcOdzj "1 JYuvuv"-t Ednlis "1PEER2YBO"

S

1 jdgjemSd [ ., o . 4 OHtseaMCd, [ . mtcd lstse O. sdBj tc
ftejfstel Cdlsj Gt Iktstejdj. [ jAHEZAROE. 44 ] dzigll il ts
1973.

sHJMded € . [BhO MlsOlsdMmisdui MSO ftsizn@&dBj dzBsfHa & &
ftetso jHjdd o s dlsdzd MmisddUd dr dals of ledinls stz IsPOts Yo 1S
) £h COtetso 0, wwsWdw 1971.

| setsa Kok EsaslfokOdL JeOkz0 MdMmisj BO L O Octss dd
My zZMS slsts Missf OdzMlsos. v jrdduyui MSHEYIcBEGSds" , [g
1977.

I teBlZzYyyd o R . ¢ . 4 OHtSO ME (. [ Mdeseo dzd ftoddzydt d
i syo-Pdzts ts A q’dg,du;fngis sBMmMdzzy 9 Odzy d2O M dzZMSE BsIss Ml
dZokzC A&lll, Is. 2-12211utsWdw 1974.

i teelkzyje RrR., [ . 1 jdzj omnde,d Mtso @®OHBoREBOISHL qtcO
fsyos-PasetsndBdyj MSts sBMdzzy 9 Odzgj dzO Mj dzZMC slsts MMk
ted,sRfs fsystsL dzOdzdj d Octtsadddw "1. 1 EkhCOt

11 teBlzyj e R . , o . 4 OHtseo MG d. l esedesL d tcOdzj dz0
ftoj HbEeslststej dzj , HBBdoadlsy d ftsye j ded WXIOdzZDdzd L .
1, 66-7 2 . gstsWdw 1978.

gdzuyj o 1 . . RSEBds@BtsesO. [Mdsed dO d&@tsHj ZzO L O
£OMls. L ON IO, e3®A985 mm, - 1, 16

A—

A—

—

-
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rﬁllsvl- ltfifBlsBQBdZ d ¢4 tohsdBdgzddzd gz HEAH 4 G d oz dzd ¥

.o oaWdw.

1 0OnOtedj o0 uv. utstefdsgj! ByugpztzL sOctesn. d tGls. L C
73, 1985.

ROOdsa O u. , M. b dzL steG |, R 1 toq d3jtedzjzdadi jo , d3@Is j oAt
BjssHse d Clf Hdzv ©OL tc et KEOH (s jdfomas jdasHizy df 2ts d
PHtsBtoj dzd?2 o MistcOdzO- 45§ F dz. 1 & &dell | @285.19080 dzQ .
248-2 5 4 . gtsWdw 1976.

R} 1. 1 EhCOttse . Jbydls wlsdtshdts ¢olstsBOISdL tcO
ftoj fstel Cdlsy 5 Isstejdzj dzO Mmj zO88.Missf Odem ¢ d ¢ L
| BLOdZs8a O I ., K. dwdd3j sdetse O, [ . 1 jdStsa O, [ .

d

sOyOteso O, [. 1Jdesea, R. ¢lOdOMsea O, [ . 1 d¢ B
tiLkdzsOkd ©lk kttjdjils & §"jddyo f; OL sl ds
fted §sd&ntd Oufgdld OdaPs OH dzO fsysO. 1. w&jmdw
dCtetsls j O disadsda@Bj dzls Ozdz® dzOES O d ff t8 0 S2A2d yg Ms. 0
2021ls REhGCOtese, -W&W JW, 102

[dzyjo0O [. [Mdsod dz20 &EsHj kO LO SOddjot ISt
L O dIs O, G s ¥43-55M885a. ~ 1,

fdizyj o0 . JltetscdtLdwOd djsBitsHdBshss0 ks kst
2O Ml otej d3j dzdzdw j sOf dzO "‘c[d3q’LOuc{W d t©OL o dlsd

Octetsn. d tOMIs. L O & ®OB5bGE SH. mm, 1, 3

1 42C8a@jpO [Mdtse d dszdg,Iﬁ;Jstdiz@ztSL@BtGszJ. gff. 1ty
tOMmls. LOMNJkO, &BAIS. mm, -~ 1, 31

10dzOe jjoOo uv., uv. utlsjo. jOBtsteG)lststeﬁdZO) fnq’dr];’ls;dﬁ@tsua(
Octetsn. d tOMIs. L O epBE®B5. GSH. mm, 1,

dlssWwdgso ., 1. 1jdzgjoO. atslisdmdz@(:tfx]lsquz@.ts@ﬂﬁls. 1 Is@
1, 74-81, 1985.

dlssWwdse . utejdzgj M BBt. wf. I1ystLdz -BBetosn.
1985a.

dlssWwdseo . ubtejdzg ) BEsdzdBHjdz. wff. 1 BystL-d 0OC
95, 1985b.

v jBrnOttse HHdAL Ol i codw WhkdHOM] delsOdzj dz IstelzH
GJdzi LdMO dO0 fYtyesdlsy d dzj ctsotslsts dzj f toj - tSH dzts
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ANALYSIS OF SOCIOECONOMIC AND ENVIRONMENTAL PROBLEMS IN FARMS
APPLYING SOIL HEALTH PRACTICES IN EU

Dimitre Nikolov®, lvan Boevsky?', Krasimir Kostenarov?', Ekatherina Tzvetanova’,
Martin Banov?, Magardich Huliyan®, Laura Zavattaro*, Josef Krasa®, Tomas Dostal®,
Gunther Carl Liebhard’, Peter Strauss’, Zsofia Bakacsi®, G- e z

'New Bulgarian University; ?Agricultural Academy; *National Agricultural Advisory Service;
‘Universit ™ degl i &redhTechndcal University, Bzech Répubdct v ;
'BOKU Vienna, Austria; ®Agrartudomanyi Kutatokozpont, Hungary; °CSIC, Spain

Abstract

The main aim of the report is to research socio-economic and environmental
problems in farms applying soil health practices in the EU-TUdi-project-partner countries
(Austria, Bulgaria, Czech Republic, Hungary, Italy, and Spain). Based on the results from
the structured survey it was used a Principal Component Analysis (PCA). Based on the
results from a structured survey, PCA has been applied to determine several groups of
significant variables related to soil health, socioeconomic, and environmental problems.
The following four main factors in the socioeconomic characterization of the different
agricultural systems (cereal-based rotation, tree and pastures) connected with soil health
problems have been identified: Social environment, Soil health problems, Soil knowledge,
and Soil restoration. Each factor was further analyzed regarding its constituent variables.

Key words: Principal Component Analysis (PCA), soil health, agricultural systems,
socio-economic problems.

Introduction

In the European Union's economic landscape, agriculture plays a pivotal role in
contributing significantly to both its socio-economic and environmental sustainability.
Several studies have acknowledged the importance of sustainable agriculture and soil
health practices in addressing contemporary challenges. For instance, Smith et al. (2018)
demonstrated the positive effects of cover cropping on soil fertility and carbon
sequestration, while Jones and Johnson (2020) explored the economic implications of
transitioning to organic farming methods. However, there remains a gap in literature
specifically addressing the nuanced socio-economic and environmental issues faced by
farms in the EU adopting soil health practices. Soil health practices encompass a range of
strategies aimed at promoting soil fertility, structure, and overall quality. These practices
include but are not limited to cover cropping, crop rotation, conservation tillage, and
organic farming techniques. As farmers adopt these practices in pursuit of sustainable
agriculture, it becomes imperative to evaluate their impact on both the social and
economic aspects of rural communities and the environmental health of farmlands. The
socio-economic ramifications of soil health practices are of particular interest, given their
potential to influence livelihoods, employment patterns, and community dynamics.
Additionally, the environmental consequences, such as changes in biodiversity, water
quality, nutrient runoff and greenhouse gas emissions (Garcia et al., 2021), require careful
examination of the soil health practices, while farmers are applying these practices.
Understanding these ecological challenges is crucial for devising holistic policies that
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balance the need for agricultural productivity with environmental conservation goals.
However, there remains a gap in literature specifically addressing the nuanced socio-
economic and environmental issues faced by farms in the EU adopting soil health
practices.

Our paper aims to bridge this gap by synthesizing existing research and conducting a
comprehensive analysis of the challenges faced by farms in 6 EU-TUdi-project-partner
countries (Austria, Bulgaria, Czech Republic, Hungary, Italy, and Spain) that implement
soil health practices. Based on the results from the structured survey it was used a
Principal Component Analysis (PCA). PCA constructed factors related to soil health
problems. Based on the results from a structured survey, PCA has been applied to
determine several groups of significant variables related to soil health, socioeconomic, and
environmental problems. The following four main factors in the socioeconomic
characterization of the different agricultural systems (cereal-based rotation, tree and
pastures) connected with soil health problems have been identified: Social environment,
Soil health problems, Soil knowledge, and Soil restoration. Each factor was further
analyzed regarding its constituent variables. This research is contribute valuable insights
to policymakers, researchers, and practitioners working towards a more sustainable and
resilient agricultural sector in the European Union.

Materials and methods
Survey and data description
The 6 EU-TUdi-project-partner countries (Austria, Bulgaria, Czech Republic,
Hungary, Italy, and Spain) performed analysis using questionnaire constructed in 2022
using different methods such as face-to-face (Bulgaria), online (Hungary), and mixed
(other participants) due to the COVID-19 outbreak.
It was applied Ajudgement samplingodo appr oa
crop systems according to their country representation. Table 1 gives information about
the number of responses to the survey from Europe.

Table 1. Total number of respondents/surveys per country

Country Number of
surveys

Austria 82
Bulgaria 60
Czech Republic 121
Hungary 11
Italy 79
Spain 63
Total 416

Sour ce: Aut hor s

The collected information fed up the principal component analysis and cluster
analysis to define socioeconomic and environmental characteristics of each group of
farms.

Principal component analysis

The aim of principle component analysis application is to determine several groups of
significant variables related to soil health, socio-economic, and environmental problems.
The constructed factors will be used as variables to feed up Cluster Analysis. Based on
the latter, the sample will be divided into clusters. Principle component analysis is a type of
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factor analysis (Pearson 1901). It determines the minimum number of variables that are
enough to describe a specific problem. PCA groups the variables into different factors
which explain some specific features of the farm typology. These factors will be used to
feed a cluster analysis based on which each farm type will be determined. The farm type
will contain different ratios of some of the factors. The first step is to determine the number
of factors based on several analysis. Then, Varimax orthogonal rotation is applied. The
factors are assumed to be independent, and the factor loading is the correlation between
the factor and variables (Field 2009).

The sample must meet the following criteria to be able to proceed with PCA:

0 the KMO coefficient should be above 0.7;

OBartl et t 0 estmustthave a significancetlevel below the accepted level of
significance (0.05);

0 the correlation between two variables must be between 0.9 and 0.3. The decision
for removing variables that do not meet the defined criteria will be based on the
conclusions of all data analyses.

Cluster analysis

Cluster analysis is a group of statistical procedures which aims to discover a
structure within a complex set of data. The different elements (in our study the elements
are the different farms/respondents) are combined into clusters. The farms within the
cluster have some degree of similarity among themselves (homogeneity) according to the
different variables in the study. Different clusters are relatively distinct from each other
(heterogeneity). The variables are the economic and social indicators for every farm
accumulated by a survey. Depending on the problem that is studied the cluster analysis
can help to develop a classification and it may become a basis for classifying new
observations (Anderberg, 1973).

The initial set of variables have been delivered by a multistage process of literature
study, brainstorming trough the experts in the consortium and stakeholders. The cluster
analysis logically follows the PCA and thus is using the same set of data that is prepared
and standardized for the purposes of PCA. As both methods (PCA and CA) are in fact a
form of data reduction methods they can be used together. We use the results of PCA to
lower the amount of variables/factors then we apply cluster analysis. The result is that
cluster analysis determines the clusters based on few factors with low correlation.

Results and discussion

Principle component analysis

The analysis started using 62 variables based on the answers to questions of survey.
Based on the iterative process, 38 variables were removed because of the following
reasons: (i) there is no significant correlation with any of the variables; (ii) low extraction
coefficient of communalities (explains the common variance); (iii) make a factor its own.

Finally, 18 variables were determined as appropriate to construct four factors. The
KMO coefficient is 0.791 which is high enough to continue the analysis. Also, we can
accept the hypothesis that there is no significant correlation between at least two
variables, based on the Bartlettdés sphericity

The eigenvalue analysis (Figure 1) and the number of components show that there
are four significant and meaningful factors.
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Figure 1. Analysis of the eigenvalues

The aim of the analysis is to construct an uncorrelated factor related to soil health,
socioeconomic, and environmental problems, which will be useful to determine clearly
recognizable clusters. In this regard, the applied method of rotation is Varimax. The
explained variance is 53.73%, which is an acceptable level in such an analysis. The factor
components are determined based on the rotated component matrix (Table 2). The name
of the factors is based on the variables that have the higher contribution.

Table 2. Rotated Component Matrix

Variable

N1 1
11 3
1115
111 6
ni 7
1119
1120_3
1120 _4

1120_5
1120_7
130_1

1130_2

1130_3

11130_4

1130_5

1130_6

Factors

Description 2-Soil
17 Social health 37 Sail 47 Soll
environment  problems knowledge restoration

Soil structure (aggregate stability) 617

Land /soil waterlogging .217 .518
Surface compaction .100 .698
Subsurface compaction .013 .696
Soil erosioni sheet erosion -.044 729
Soil erosiori depositional areas -.079 701
From literature .095
From leaflets .164
From YouTube and other social

.052
networks
From ministries -.050
Access to financing for soil restoration 406
practices :
The level of specific training and 409

equipment for soil restoration practices
The level of unified terminology
regarding soil quality

The | evel of soci

.276

interest and demand fordronmentally -.081 .082 .055
friendly products

The level of farmers' awareness and 009 -010 266
knowledge level of environmental issug

The level of political will to support

delivery of environmental goods and -.030 .085 .223

services bydrmers
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Factors

Variable Description 2-Soil
17 Social health 371 Sail 47 Soll
environment  problems knowledge restoration

1130_8 The Igvel of secure supply chain and 717 -.038 031 103
certainty of demand for farm products

130_9  The level of implementation of 653 119 085 154
technology (experience, attitude, acces

Source: Alet hor s

As a result of PCA, 4 factors were constructed as follows:

0 The Social environment is based on the 5 variables which describe the
environment around the farm respondent related to the interests and demand of
environmentally friendly products as well as technology development, secure supply chain

and political support. The first factor contains the following variables:

1] t he l evel of societies and consumer
environmentally friendly products;

U the level of farmers' awareness and knowledge level of environmental issues;

a the level of political will to support delivery of environmental goods and
services by farmers;

a the level of secure supply chain and certainty of demand for farm products;

U and the level of implementation of technology (experience, attitude, access).

o] The second factor is called Soil health problems. It includes the following

identified and related (correlated) soil heal
§ soil structure (aggregate stability);

land /soil waterlogging;

surface compaction;

subsurface compaction;

soil erosion i sheet erosion;

soil erosion 7 depositional areas.

[ en- I ent B et B et B et

v

o] The third factor is based on the knowledge sources for soil health analysis
and its usage in farm management. It is called Soil knowledge and includes the following
correlated sources:

1 from literature,

U from leaflets,

U from YouTube and other social networks;
U from ministries.

v

0 The fourth factor is Soil restoration. It is worth mentioning that the first two
variables in this factor also affect the first factor Social environment. It is constructed
based on the following variables:

a access to financing for soil restoration practices;
U the level of specific training and equipment for soil restoration practices;
u the level of unified terminology regarding soil quality.

Cluster analysis

The four PCA factors were used to perform cluster analysis. Additionally, two more
factors are added that are considered important for the study: the economic size of the
farm and the farm type. For the purpose of the study, the farms are divided according to
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their economic size into 3 groups: small, medium and large. The three farm agricultural
systems are: tree crops, grassland, and cereal-based rotation.

One of the most important practical decisions while performing a cluster analysis is
the number of clusters. There are different ways to calculate the number of clusters. The
agglomerative hierarchical clustering methods solve that problem iteratively (starting from
one cluster i that is when all respondents/farms form one cluster and ending with clusters
where every respondent/farm is from different cluster). The Euclidean distance and Ward
(which analyzes the variance of clusters) method is applied to derive the optimal humber
of clusters within the iterations in hierarchical clustering.

While determining the number of clusters, several assumptions have been made
(since no method for determining the number of clusters can determine them
unguestionably). First, a hierarchical cluster analysis constructs a dendrogram. Based on
the dendrogram, we visually determine the number of optimal clusters to be 4. It can be
visually determined that if a larger number of clusters is allowed, their stability decreases,
i.e. a small shift on the graph will cause the number of clusters to change.

At the next step we apply K-means cluster analysis to find best solution for the
number of clusters that is derived from hierarchical clustering. One of the main
characteristics of K-means cluster analysis is if using a different number of clusters K-
means cluster analysis can give different solution. This is the reason why the decision
about the numbers of the clusters is so important and the main reason we combine both
methods in our study T hierarchical and K-means. It is important for the cluster analysis to
achieve stable cluster center solution. By conducting K-means cluster analysis and using
four clusters, stable clusters are achieved in 16 iterations.

Third, the final clusters were subjected to difference testing using ANOVA. The result
of the test conducted leads to the conclusion that the hypothesis of equality of the clusters
is rejected (Table 3). This means that the six factors are different enough in the final
cluster solution which leads to the conclusion that we have good final clusters.

Table 3. ANOVA

Cluster Error
Mean Square | df | Mean Square
Soil environment 51,235 3 ,634 412 80,786 ,000
Soil health problems 57,149 3 ,591 412 96,675 ,000
Soil knowledge 13,012 3 ,913 412 14,259 ,000
Soil restoration 10,709 3 ,929 412 11,524 ,000
Ecanomic size 18,547 3 ,872 412 21,264 ,000
Code of the system 98,068 3 ,293 412 334,485 ,000
Source: Authorsé c

Finally, based on the researchers' experience and expertise, and following the logic
of the research, a check was performed so that the number of retained clusters is realistic
with respect to the field observation in order to be accepted as a meaningful classification.

The last and extremely important step in cluster analysis is to analyze the results
when calculations are completed. Final clusters give the opportunity to interpret what the
typical characteristics for a particular cluster are. The characteristics are all data gathered
by the survey, including economic size, income, expenditures, efficiency, soil quality, crop
type and social variables. The interpretation and description of the clusters is done by
summary descriptive statistics like the mean and variance. As a result, we will have what
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is typical socio-economic characteristic for every cluster, related to soil quality. That
information can be used in subsequent analysis.

Final cluster centers interpret what is typical for a particular cluster. For the purposes
of the analysis, every cluster is identified by four principal components and two additional
factors. The four clusters are relatively large with participants spread evenly in them. The
number of cases/respondents in every cluster can be seen in table 4.

Table 4. Number of respondents in each cluster

Number of Cases in eac
Cluster

Cluster 1 116,000
2 98,000
3 121,000
4 81,000
Valid 416,000
Missing ,000

Source: Aut hor so

The final cluster centers presented in table 5 give the final solution of the cluster
analysis. Interpretation of the numbers in that table is the essence of cluster analysis.

Table 5. Final Cluster Centers

Cluster

Soil environment -,57879 -,40942 ,90168 -,02271
Soil health problems -,52887 1,01896 , 12419 -,66094
Soil knowledge -,22834 -,30943 ,12227 ,51872
Soil restoration ,30435 -,17364 ,14523 -,44272
Economic size 53766 -,45237 -,05094 -,14657
Code of the system ,66213 -,36842 ,65593 -1,48235
Source: Authorsbo

Interpretation of the results

The first step of the interpretation of the results is to give short names and short
description of the clusters. During the description of the clusters, we will use the following
scale depending on the value of the final evaluations of the cluster centres: the values
from 0 to +/- 0.4 we can define as lowllittle/slightly (positive /negative); the
medium/average/moderate value is from +/-0.4 to +/-0.09; the value above / below +/- 0.9
is high/strongly (positive /negative). The scale has 6 degrees and every degree include
relatively the same number of correspondents.

Cluster 1 name is Intensive Large Farms i average amount of the farms in cluster
1 are large, and average amount of crop types are cereal-based rotation. They use the
land intensively, which leads to medium soil health problems. They estimate positively the
soil restoration practices but the degree is low. These farmers feel medium negative social
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environment about their problems. They feel lack of knowledge (low negative). Cluster 2
name is Grassland Small Farms. They have soils with high health quality. The level of
soil restoration is low negative because they do not need strong soil restoration practices
that leads to low negative knowledge about soil restoration problems. Social environment
is medium negative for them. Cluster 3 name is Cereal Diversified Farms. It consists of
farms from all sizes, mainly (in high degree) cereal-based rotation. They have high positive
social environment. They estimate soil health problems as low positive. Their knowledge
and soil restoration practices are at low positive level. Cluster 4 name is Tree Small
Farms. Their soil health problems are medium. They have average access to knowledge,
but do not apply soil restoration practices (medium negative). Their social environment is
neither positive nor negative.

On the second step in interpretation of the results will be made more detall
description of the clusters.

Cluster 1. Intensive Large Farms is on average level composed of large farms
growing cereal-based rotations. These Farms account 27.9% of farms. The average age of
the farmers is 52 years, and young farmers (<40) are 19.0%. Average size of the farms in
Cluster 1 measured is 317.5 ha. In terms of economic size, 55% of farms are large, 29%
are medium and 16% are small. Taking in consideration the cropping system, 92 % of the
farms are cereal-based rotation, 8% are grassland and there are no tree crops
represented in Cluster 1. This cluster is mainly represented by males with an 80.2% share
of farm managers, while the females take the remaining 19.8%. The analysis of the share
of the young farmers according to the farm size shows that the highest share of the young
farmers is in the medium farms (24.2%), followed by the large and small farms with 21.9%
and 10.5%, respectively. In terms of agriculture type, the major share is taken by the
conventional agriculture (88%), followed by biological T 8%, and agro-ecological
agriculture i 4%. The largest share has farmers with secondary school - 39%, then are the
farmers with university education - 33%, higher secondary education with 15% share,
primary school have finished 8% and post-graduate are 5% of the farmers.

Social environment is assessed primarily as medium negative, which means that the
l evel of societies and consumer s egativeeone st
average degree. The level of farmers' awareness and knowledge level of environmental
issues is also low negative. The political support is estimated as negative on medium level
and the implementation of the technology is at the same level. The farmers in cluster 1
estimate soil health problems as moderate negative. That means that farmers find the soill
structure, land/soil waterlogging, surface compaction, subsurface compaction, and soill
erosion as negative for their farms on an average level. The farmers in cluster 1 estimate
their soil knowledge as slightly (low level) negative. This means that they have small
difficulties to find information from literature, leaflets, internet, and social networks. They
also have negative relation with the official authorities related with soil health problems.
However, the farmers in this cluster find that the soil restoration practices are a little
positive because they have access to financing, specific training, and equipment for soil
restoration practices.

Intensive Large Farms have average negative social environment and soil health
problems, and small negative knowledge, combined with low positive soil restoration. To
improve soil awareness of the society they need to improve the communication policy with
different social groups (politics, customers, etc.) and to improve level of implementation of
technology. Probably they need some support to learn how to use new technologies
related with soil health practices, get some up-to-date information about the applied
technologies in the field. Other supportive tool can be some activities (conferences,
exhibitions, etc.) the main purpose of which is to exchange experience with other farmers,
companies, and producers. These activities can add to their exchange of information
because they feel lack in small degree of it. As these farmers are relatively large, they tend
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to apply solil restoration practices to a small extent. Lack of information exchange, access
to technologies and experience probably prevents them from applying soil-restoring
practices to a greater extent, as well as low social support. Increasing the information
exchange and involvement of different social groups would contribute to increasing soil
restoration. For this cluster, the financial motive is not leading and probably the direct
investing of funds would not contribute much to the increase of soil restoration.

Cluster 2. The small farms dominate the economic size in Grassland Small Farms.
Grassland Small Farms comprised of 23.6 % of the farms. The average age of the farmers
is 46 years old with a 28.6% share of the young farmers. Average size of the farms is
much smaller 17 72.6 ha. In terms of economic size, 2. 63% of farms are small, 20% are
medium and 17% are large. The prevailed cropping system is grassland (48%), followed
by cereal-based rotation and tree crop with 30% and 21% share, respectively. Female
farmers are 22.4% which is a higher share compared to cluster 1, while the males
represent 77.6% of the farm managers. The young managers in the small farms in cluster
2 are 35.5%., in medium farms - 36.8% and 11.8% in large farms. The conventional type
of agriculture has a significant share in Cluster 2 - 69%. Biological agriculture has 26% of
the respondents, while for 4% of them T it is agro-ecological. The largest share has
farmers with secondary school - 49%, then are the farmers with higher secondary
education - 25%, university education with 18% share. The share of primary school
education and post-graduate is relatively insignificant respectively 5% and 3% of the
farmers.

They hold mostly grasslands and in lesser degree tree crops and cereal-based
rotation. The managers of small farms in cluster 2 estimate the soil environment as
moderate negative. Again, that means that they find society and consumer commitment to
soi l heal th problems as negative on an averag
is not sufficient. Political support and technology implementation is medium negative. The
managers of Grassland Small Farms manage to control the soil health problems in high
degree. The grasslands in cluster 2 do not suffer from bad soil structure, land, and soil
waterlogging. Surface and subsurface compaction and soil erosion is strongly controlled.
Although the soil health is considered as highly positive, the managers estimate their
knowledge about soil health as slightly negative. It is hard for them to find information from
literature, leaflets, internet, and social networks. They also suffer negative relation in low
degree with the official authorities regarding soil quality. The farmers in cluster 2 find that
the soil restoration is medium level negative because they do not have access to
financing, specific training, and equipment for soil restoration practices.

Grassland Small Farms estimate the soil health as highly positive, related with
average negative social environment and low-level information sources. They also have
low negative restoration practices. Farmers in this cluster can be supported in terms of
increasing the awareness of different social groups - politicians, customers, suppliers.
They have relatively low access to information, in which case measures can be introduced
to increase awareness and exchange of experience, technologies, etc. In this way, the
depth of understanding of the problem of soil health can be improved, which will lead to
increased demand for soil restoration practices and, accordingly, to further increase the
soil health of these farmers. Other support can be toward some easy access to financing,
training, equipment, and education.

Cluster 3. Cereal Diversified Farms has an approximately even distribution of
farms according to their economic size, with small farms slightly exceeding the number of
middle and large sized farms. The average age of the farm managers is 49 years. The
share of the young amongst them is 19.8%. Average size of the farms in cluster 3 is 214.1
ha. The size is well diversified in that cluster T small farms are 40%, medium farms are
32% and large are 28%. Most farms are cereal-based rotation i 92%, 7 % share of the
grasslands and 1% are tree crops. Taking into consideration the gender, males represent
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88.4% of farm managers and female i 11.6%. The young managers in the small farms in
cluster 3 are 18.8%., in medium farms - 28.2% and 17.6% in large farms. Conventional
agriculture represents 74% share, while the biological and agro-ecological have 18% and
8%, respectively. The largest share has farmers with secondary school - 35%, then are the
farmers with university education - 28%, higher secondary education with 28% share,
primary school have finished 7% and post-graduate are 4% of the farmers. The farms in
cluster 3 grow mainly cereal-based rotation. The farms in this cluster have strongly positive
soil environment, especially in its social aspects 1 society, consumers, farmers, and
politicians have high positive commitment and awareness about soil health problems.
Technology implementation is also at a high level. The farmers estimate as slightly positive
the soil health problems and they are slightly positive about the soil structure. They do not
suffer lot of water logging and surface and subsurface compaction. Soil erosion is
controlled at slightly positive level. The knowledge about soil problems is positive low level.
Soil restoration is also slightly positive because they can find financing, get access to
specific training and equipment for soil restoration practices.

Cereal Diversified Farms are cereal based rotation farms with different size and have
high level of social awareness from different social groups, small positive soil health, and
access to information sources and small positive level of soil restoration practices.
Although the estimation of soil health is not bad (low positive), the level of soil health can
be increased by raising awareness, exchanging information and technology, and
promoting soil restoration practices (facilitated access to funding for small farms, training,
equipment and raising the level of literature on the question).

Cluster 4. Tree Small Farms is composed of small farms growing mainly tree crops.
Tree Small Farms comprised of 19.5% of the respondents in the sample. The average age
of the managers of the farms is 47.6 years. The young farmers amongst them are 27.2%.
Average size of the farms in cluster 4 is 101.3 ha. The small farms prevail, representing
48% share, followed by the large with 28%, and medium with 24%. In terms of cropping
system, most farms are tree crops i 83%, 17 % share are grasslands, and 0% are cereal-
based rotation. The gender structure shows that males represent 87.7% of farm managers
while females T 12.3%. In cluster 4 the young managers in the small farms are 35.9%., in
medium farms 1 26.3% and 30.4% in large farms. In terms of agriculture structure, cluster
4 is not significantly different than the other. Farms with conventional agriculture are 70%,
with biological T 19%, and with agro-ecological i 19%. The structure of education in
cluster 4 is different regarding the other clusters. The largest share has farmers with
university education - 38%, then are the farmers with higher secondary education - 24%,
secondary school with 22% share, primary school have finished 10% and post-graduate -
6% of the farmers. Soil environment estimation is neutral. These farmers do not find
positive or negative interests in the societies and consumers about their problems with the
soil health. The level of farmers' awareness and knowledge about environmental issues is
neutral too. There are some political supports but not significant. The tree crops in that
cluster appears to have soil health problems on an average degree. They have problems
with soil structure, waterlogging, soil erosion, etc. Despite soil health problems, the
farmers in cluster 4 think that they have average soil knowledge. They can find literature
about soil restoration from different sources. They also have medium good relations with
local authorities. The farmers in cluster 4 suffer on average degree from possibility to find
financing about soil restoration practices. It is medium hard for them to get access to
specific training and equipment for soil restoration practices.

The Tree Small Farms have neutral social environment, average soil health
problems (but largest amongst the four clusters). They have average positive access to
information sources and average negative soil restoration practices (again the lowest
result in the four clusters). Although they have relatively good access to information
sources, this does not seem to have a positive effect on soil condition and the

57



[s{[f4RrRC R b1 fprrimul rofrrvdf)1orRIDVEHRY [ &5 dd ARCH[ R

implementation of soil restoration strategies. Soil health problems are strengthened by the
inability to rotate crops. Improving the condition of Tree Small Farms can go through
improving communication with different social groups to raise awareness of the society.
Additionally, because they are small, they need support to find funding for soil restoration
practices, training, equipment and raising the level of literature on the issue.

Conclusion

It was applied a two-step methodology to define the farm typology. First, it was
conducted a survey among partner project organizations in six countries. Second, it was
constructed specific farm typology on socio-economic characteristics, using statistical
methods as PCA and CA. PCA identified the four main factors that are important: Social
environment, Soil health problems, Soil knowledge and Soil restoration. The cluster
analysis was fed by these four factors and two characteristics that are important for the
study - economic size and cropping system. As a result, four clusters /farm types/ were
formed, each of them with different characteristics and problems.

In the first cluster named Intensive Large Farms most of the farms are large, cereal-
based ration. Because of the intensive land use, they have some soil health problems.
They also experience average problems in term of social environment and knowledge.
From other point of view, they put efforts in soil restoration, but these efforts can be more
significant. Appropriate supporting measures for this cluster could be related with
exchange of information, communicating their problems with different part of the society
and soil restoring technology training.

The second cluster named Grassland Small Farms consists mainly of small
grassland farms. They estimate their soil health skills as positive, but they experience
problems in other fields like social environment and information sources. They have
knowledge gaps in soil restoration practices, which can be targeted some supporting
policies. Farmers in this cluster can be supported in terms of increasing the awareness of
different social groups 1 policy makers, customers, suppliers. Increased access to
information, exchange of experience and technologies, can contribute to improvement of
the soil health status of their farms. Other support measures can be toward to improve
access to financing, training, and equipment.

The third cluster named Cereal Diversified Farms contains cereal-based rotation
farms with different economic size. The farms in this cluster have high level of social
awareness, positive soil health status (the soil health is positive but there is space for
significant improvement here), positive access to information sources and positive level of
soil restoration practices. Although most of all the factors are estimated positively. The
level of soil health can be additionally increased by raising awareness, exchanging
information and technology, and promoting soil restoration practices (facilitated access to
funding for small farms, training, equipment and raising the level of information exchange
on this issue).

The last cluster named Tree Small Farms has neutral social environment problem
estimation, average solil health problems, average negative soil restoration practices, and
relatively good access to information sources. The farmers have soil problems because of
the specifics of the production. It is relatively harder for them to apply the soil restoration
strategies that are accepted in other areas (like cereal-based rotation for example).
Improving the condition of Tree Small Farms can go through improving communication
with different social groups, support to find funding for soil restoration practices, training,
equipment and raising the level of access to information on the issue.

Developing such farm typology, it was finished an essential step in any realistic
evaluation of constraints and opportunities that farmers face with soil health problems. In
addition, based on defined farm typology the project will develop appropriate technological
solutions, policy interventions, and comprehensive environmental assessment.
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Abstract

Incentives influence ecosystem services through motivating changes in land use and
management. This chain of influence is complex because incentives can cause multiple
intended and unintended changes in land use and management, each potentially having
co-benefits and trade-offs across multiple ecosystem services. The incentives that can
help the business model to become sustainable from the point of view of the soil health
have been identified and assessed in the frame of NOVASOIL project’. That goal of this
research is to exploring the incentives that drive farmers to take action towards improving
soil health. These factors (incentives) are then applied to the business model canvas
(BMC). By consolidating these incentives into a map, a comprehensive overview is created
to understand how they contribute to the current state of the business model and the
improvement of soil health. Through this process, we aim to address the question of how
soil health business models can effectively contribute to the maintenance of sustainable
and competitive agriculture. By reviewing and assessing the key incentives for soil health,
we produce a provisional set of critical incentives, mapped onto the BMC.

Key words: Soil health, Incentives for ecosystem services, Farmers, BMC, Mapping.

Introduction

Addressing soil health challenges requires innovative approaches that incentivize
and reward sustainable land management practices. In recent years, there has been a
growing interest in the development of business models that align economic profitability
with soil health improvement (Grundmann et al., 2021). These models encompass a range
of strategies, from precision agriculture and regenerative farming practices to carbon
sequestration projects that harness the potential of healthy soils to act as carbon sinks
(Hinrichs et al., 2019). The sustainable management of soil resources is paramount for
global food security and environmental well-being. Soil health, defined as the capacity of
soil to function as a living ecosystem, is crucial for supporting agricultural productivity,
maintaining biodiversity, and mitigating climate change (Lal, 2014). Despite its
fundamental importance, soil degradation remains a pressing issue, with approximately
one-third of the world's soils considered degraded (FAO, 2015). The degradation of soil
health not only threatens agricultural systems but also has cascading effects on water
guality, ecosystem services, and human livelihoods.
The pursuit of sustainable agricultural practices has gained paramount importance in
contemporary discourse due to its pivotal role in ensuring global food security and
environmental conservation (Godfray et al., 2010; Tilman et al.,, 2011). Central to this
endeavor is the enhancement of soil health, a critical determinant of agricultural
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productivity and ecological stability (Lal, 2015; Smith et al., 2016). Promoting soil health
not only mitigates greenhouse gas emissions and conserves water resources but also
fosters resilient agroecosystems capable of withstanding fluctuating climatic conditions
(M2der et al., 2002; Lal, 2018).

In recent years, the integration of business models into soil health enhancement
strategies has emerged as a promising avenue for sustainable agriculture (Schipanski et
al., 2016; Favoino & Hogg, 2008). These models seek to align economic incentives with
soil health practices, thereby motivating stakeholders, from individual farmers to
agribusiness enterprises, to adopt and invest in soil-friendly technologies and
management practices (Bongiovanni & Lowenberg-DeBoer, 2004; Llewellyn et al., 2017).
While the concept of "soil health business models" holds promise, there is a need for a
comprehensive understanding of the diverse incentives that drive such models.

This paper aims to provide a methodological mapping approach of incentives
associated with soil health business models, thereby offering a valuable resource for
policymakers, land managers, and businesses seeking to promote sustainable soil
management practices. This chain of influence is complex because incentives can cause
multiple intended and unintended changes in land use and management, each potentially
having co-benefits and trade-offs across multiple ecosystem services. The incentives that
can help the business model to become sustainable from the point of view of the soll
health have been identified and assessed. That goal of this research is to exploring the
incentives that drive farmers to take action towards improving soil health. These factors
(incentives) are then applied to the business model canvas (BMC). By consolidating these
incentives into a map, a comprehensive overview is created to understand how they
contribute to the current state of the business model and the improvement of soil health.
Through this process, we aim to address the question of how soil health business models
can effectively contribute to the maintenance of sustainable and competitive agriculture.
By reviewing and assessing the key incentives for soil health, we produce a provisional set
of critical incentives, mapped onto the BMC. By synthesizing empirical data from diverse
agricultural contexts, we endeavor to provide a nuanced framework for designing and
implementing effective soil health business models tailored to specific agro ecological
regions. By integrating insights from diverse fields, we seek to contribute to a holistic
understanding of the dynamic landscape of soil health business models, thereby
facilitating the transition towards more sustainable and resilient agricultural.

Materials and methods

Mapping approach

Mapping is an indispensable process and practice with far-reaching applications in
diverse fields and industries. Its primary purpose is to facilitate the comprehension and
analysis of spatial data, thereby enhancing decision-making, problem-solving, and
planning in a variety of contexts. By translating complex information into visual forms,
mapping allows for the identification of patterns, trends, and relationships that might
otherwise be difficult to discern. Moreover, mapping plays a pivotal role in bridging the gap
between abstract data and tangible reality, making it a vital instrument in fields such as
geography, urban planning, environmental science, epidemiology, and social sciences
(Slocum et al., 2009; Longley et al., 2015; Kraak & Ormeling, 2019; Peterson, 2018;
Krygier & Wood, 2016; Pickles, 1995).

However, it is crucial to acknowledge that mapping is not devoid of subjectivity. The
choices made by cartographers or analysts in the process of representation, from scale
and symbolization to data selection, can significantly impact the utility and accuracy of
maps. Therefore, the quality of a map hinges on the expertise, methodology, and data
sources applied during its creation.
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The mapping approach is applied in different scientific disciplines. In social science
research, provides the opportunity for gaining insights into the spatial aspects of social
phenomena. According to Cromley & McLafferty (2012), the mapping approach in the
social science research involves the use of geographic information systems (GIS) and
spatial analysis technigques to visualize and analyze various social phenomena in a
geographical context. Researchers use this approach to represent data related to
demographics, economic disparities, crime rates, social networks, or any other social
variables on maps. By doing so, they can identify spatial patterns, clusters, and trends that
provide insights into the spatial dimensions of social processes and relationships.
Researchers employ this approach to understand the spatial distribution of various social
factors. Through spatial mapping, researchers can uncover patterns, correlations, and
disparities that might not be evident through traditional statistical analysis, leading to more
informed policy decisions and social interventions (Holt, Lo, & Kemp, 2011). These brief
explanations highlight how the mapping approach is utilized in social science research to
gain insights into the spatial aspects of social phenomena and provide citations to relevant
literature.

For the purpose of the NOVASOIL project, we are using mapping as a systematic
process tool and practice of visually representing spatial information, relationships and
data. It serves as a critical tool for effectively communicating the layout, distribution, or
attributes of objects, areas, or phenomena within a defined geographic or conceptual
context.

Incentives

Incentives, in general, represent a complex and multifaceted concept with different
understandings depending on the context and application. Incentives are often defined as
any factor that motivates or encourages an individual or group to take a particular action
(Ariely, 2016). According to this definition, incentives can take different forms, including
monetary rewards, recognition, penalties, and social status. Another definition of
incentives emphasizes the role of rewards in shaping behaviour (Deci, Koestner, & Ryan,
1999). In this view, incentives are defined as external rewards or reinforcements that can
influence behaviour but do not necessarily change one's underlying motivation or beliefs.
Incentives are often defined as rewards or punishments that influence behavior or motivate
individuals to take certain actions (Gneezy & Rustichini, 2000). According to this definition,
incentives can take many forms, including monetary rewards, penalties, recognition, or
soci al status. Fehr & G2chter (2000) highlig
norms and values, which can determine what is considered desirable or acceptable
behaviour. This view focuses on the role of social norms and values in shaping incentives.

Therefore, they are widely used instruments in various contexts, including economic,
social, and environmental spheres, to motivate and encourage desired behaviours. In
economic contexts, incentives are often used to align individual and collective interests
and achieve efficient outcomes (Mankiw, 2014). In social contexts, incentives are used to
motivate and encourage positive behavior, such as charitable giving or volunteering
(Gneezy & List, 2016). In environmental contexts, incentives can be used to encourage
sustainable practices and conservation efforts (Pagiola, 2008). Often, incentives are seen
as a key tool used by governments and organizations to encourage certain behaviours or
actions. They can take many forms and can be used to align individual and collective
interests, shape preferences and beliefs, and ensure the fair distribution of benefits and
costs.

For the purpose of the NOVASOIL project, we define incentives as stimuli or
rewards offered to people in order to motivate them to perform certain desired actions or
behaviours. Incentives can be positive (rewards) or negative (punishments).

Mapping of Incentives
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Mapping incentives is a visual exercise and analysis tool that can be used to further
determine which incentives are most useful according to the set criteria. Mapping allows to
see where the incentives stand when evaluated by the same key criteria and compared to
each other. It helps visualize the complex interplay of issues and relationships. The
incentives can change over time. That is why it is reasonable to fix a period for the
analysis. The period for mapping of the incentives is 2014-2022. The incentives mapping
aims to categorize incentives that have been implemented within the agricultural and
forestry sector to promote soil health business models, encompassing social, economic,
and environmental aspects.

Soil health business models

For the purpose of the NOVASOIL project, we are defining the soil health as the
ability of soil to sustain and improve the biological, chemical, and physical properties that
support plant growth and other ecosystem functions as well as the business model as a
framework that outlines how a company operates, creates, delivers, and captures value.

The goal of these soil health business models is to foster sustainable and competitive
agriculture. A structured approach was developed to spatially map existing incentives and
their delivery of various ecosystem services through different business models in
NOVASOIL case studies. These issues raise questions regarding the social and
environmental viability of soil health business models that produce safe food, as well as
how existing incentives can be combined with soil restoration technologies. However,
many of these investments fail to adequately address the three pillars of sustainable
development: economic growth, environmental stewardship, and social inclusion.

To describe the business models, the Business Model Canvas was adopted. For
analysis purposes, the nine principal canvas building blocks were merged into five blocks,
aiming to enhance clarity in the mapping process. The five blocks are named as follows:
Customer Value Proposition, Channels and Partnerships, Revenue and Cost Structure,
Key Resources, and Key Activities. Figure 1 illustrates the transition between the Business
Model Canvas building blocks and the NOVASOIL building blocks. Through this
transformation, the content of the NOVASOIL business model building blocks remains
unchanged, while the number of blocks is reduced to facilitate a clearer analysis. During
the assessment process, the influence of incentives on sustainability and competitiveness
is measured by evaluating the NOVASOIL building blocks. In the context of the business
model, sustainability is interpreted through the socioeconomic blocks and the
environmental/technical blocks from the NOVASOIL business model building blocks.
Competitiveness is measured by the Revenue and Cost Structure block of the NOVASOIL
business model building blocks.

Business Model NOVASOIL business model building blocks
Canvas building blocks

Socio-economic block

5. Revenue streams Revenue
and
9. Cost structure Cost Structure
Environmental/
technology
block
Source: Author si

Figure 1. Business Model Canvas to NOVASOIL building blocks transition
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The simplified version of the Business Model Canvas is utilized for estimating the
business model (Figure 1). For the mapping purposes, the NOVASOIL business model
building blocks can be further grouped into two main categories. The first category is the
socioeconomic block, which comprises the customer value proposition, channels and
partnerships, and revenue and cost structure. The second category is the
environmental/technology block, which encompasses key resources and key activities.
These two groups, along with soil health, serve as the key elements in the mapping
process.

The mapping process is divided into four phases (Figure 2):

—- - ~, o~ _-

| Listing relevant | | Estimation of incentives | | Creating a visual | | Ranking incentives

incentives; influences on soil health representation and relevance and
strategies, localization of the identifying issues
socioeconomic block and relationships of the
environmental/ incentives to soil health
technology block of the strategy,
business model; socioeconomic block,

and environmental/
| technology block in CS.

\ - \

Sour ce: Aut hor s

| - I\\

Figure 2. Four phases of the mapping process

Aldentifying

Mapping incentives is both a visual exercise and an analysis tool that helps
determine the most useful incentives based on established criteria. Through mapping, it
becomes possible to assess the position of incentives in relation to one another and
evaluate them according to the same key criteria. This process aids in visualizing the
intricate interconnections between issues and relationships. In this phase, the incentives
related to each business model (BM) in various NOVASOIL case studies were identified.

AAnalyzing

For the analysis, incentives will be mapped based on their application to soil health
and business models. The research focuses on three main aspects: soil health, the
socioeconomic block, and the technology block. In the project case studies, incentives will
be identified and their impact on the soil health strategy, the socioeconomic block, and the
environmental/technology block will be assessed. The assessment will be conducted using
a three-level scale (low, medium, and high).

Avisualizing

To visualize the estimated incentives, a coordinate system in the form of a circle
(Figure 3) will be used. The y-axis represents the influence of an incentive on the soill
health strategy, while the x-axis represents the influence on the socioeconomic block of
the business model.
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The y-axis is directly assessed by experts. The x-axis influence is calculated as the
average of its three components: customer value proposition, channels and partnerships,
and revenue and cost structure. The size of the circle indicates the influence of the
incentive on the environmental/technology block, calculated as the average of key
resources and key activities.

2 . Incentive influence on

2 = environmental/technology
g 2 block

c

25 . . High

<3

o

@ f_ g ® . Medium

€3 %

;g E = . Low

cc

o °

]

= 3

i

Low Medium High
Estimated influence of the incentive on socioeconomic block
Source: Author si
Figure 3. Visualization of the mapping incentives

fPrioritizing

The incentives will be rated based on these criteria, resulting in the formation of 9
guadrants (Figure 4). Table 1 provides a description of the characteristics of each
guadrant. In the graphic, additional information is conveyed through the size of the
balloons. The largest size indicates a strong influence of the incentive on the
environmental/technology block, while medium and small size bubbles indicate medium
and low influence, respectively. The bottom left quadrants represent the lowest influence
of the incentives, while the top right quadrants (VI, VIII, and IX) indicate the highest
influence.

Q@
>
=
S 5 Vii Vil IX
tg-‘ I guadrant quadrant guadrant
25
< 9
oc E
V= 3 v \ Vi
! 2
5 2 8 quadrant quadrant quadrant
]
Sc =
=
£ B
ge!
2 2 | ] I
£ S quadrant quadrant guadrant
—
u
L
Low Medium High

Estimated influence of the incentive on socioeconomic block

Source: Author s
Figure 4. Quadrants distribution of the mapping incentives
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Table 1. Characterization of the quadrants

Quadrants Characteristics of the quadrant

Quadrant 1 _The incentive h_as low ir_1f|uence on soll _health strategies and low
influence on socioeconomic block of the business model

Quadrant 2 _The incentive ha_ls low infl_uence on soil heglth strategies and medium
influence on socioeconomic block of the business model

Quadrant 3 _The incentive_ has Iow_ influence on soi! health strategies and high
impact on socioeconomic block of the business model

Quadrant 4 _The incentive ha_ls medium influence on soi! health strategies and low
influence on socioeconomic block of the business model

Quadrant 5 The _ince_ntive has medi_um influe_nce on soll heal_th strategies and
medium influence on socioeconomic block of the business model

Quadrant 6 The incentive ha}s high inflluence on soil heqlth strategies and medium
influence on socioeconomic block of the business model

Quadrant 7 The incentive h.as high ipfluence on soil .health strategies and low
influence on socioeconomic block of the business model

Quadrant 8 The incentive ha}s high inflluence on soil heqlth strategies and medium
influence on socioeconomic block of the business model

Quadrant 9 The incentive hgs high influence on soil health strategies and high
influence on socioeconomic block of the business model

Source: Aut hor s

Data collection

For the mapping of the incentives was collected information for 10 farms in 7
countries in EU (2 in Spain, 1 in Bulgaria, 2 in Italy, 1 in Latvia, 1 in Switzerland/ Germany/
Austria, 1 in Germany, 1 in Estonia, and 1 in United Kingdom). It was made evaluation
what is the influence of a specific incentive to the five Canvas building blocks and to the
soil health. In addition, it was collected information which sustainable development goals
and CAP objectives this incentive affect. It was collected a total of 61 incentives.

Results and discussion

In the NOVASOIL project were four types of business models defined in these 10
case studies (farms) i i Value chain, Collective and value chain, Agricultural production,
and Agricultural production/value chain. They were named NOVASOIL Business Models
Types (BMT).

fBusiness Models - Value chain

Business models under the value chain typology consist of different models where
the producer or product is seen and managed as part of a larger system. It is a multistage
process that allows for the application of various business models. Value chains can help
increase efficiency in product creation or provide a competitive advantage by delivering
unique products at the lowest possible price. Figure 5 provides a summary of the
incentives that fall under the value chain type of business models, while Table 2 offers
complete descriptions and ratings of these incentives.
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Estimated influence of the incentive
on the soil health
Medium

High

Low

Low

Medium

High

Estimated influence of the incentive on socioeconomic block

Sour c e :

Figure 5. Mapping incentives for Business Models - Value chain

Aut hor s o

Six incentives have been identified in the value chain business model. Three of them,
namely B, C, and D, show a high degree of influence on soil health strategies. The
remaining incentive, A, has a medium influence. One incentive, D, has a high influence on
the socioeconomic block of the business model, while incentives A, B, and C have low
influence in this block. The influence over the technology block of the business model
varies. Two groups of incentives have a high influence, namely C and D, while the
influence is estimated as low for incentives A and B. Therefore, the main prioritized
incentive for this business model is D, as it has a significant positive influence.

Table 2. Classification of the incentive by quadrant for Business Models - Value chain

Estimated . Estimated
. Estimated .
influence of the | . influence of
) . influence of the . :
. incentive on . : the incentive
Incentive Code ) incentive on the Quadrant
business model . on the
. . soil health
socioeconomic strategies technology
block g block
Ec_o-scheme LV ESH
(Direct DPAY
A [payments for = - Low (1.0) Medium (2.0) |Medium (2.0) Vi
TILLAG
Ecosystem E
services)
Direct
payments for
conversion off BG_CS
arable OILER_ : .
B agricultural | PERMP Low (1.0) High (3.0) Medium (2.0) Vi
land into LANT
permanent
grass areas
Direct
payment for | ES_EC
C1l|soil coverin | OSCH_ Low (1.3) High (3.0) Low (1.0) VIl
permanent PD31
crops
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Estimated . Estimated
: Estimated :
influence of the | . influence of
. . influence of the : .
. incentive on . . the incentive
Incentive Code . incentive on the Quadrant
business model . on the
) ) soil health
socioeconomic strategies technology
block g block
Direct
payments for
conversion off BG_CS
arable OILER_ , .
C2 agricultural | PERMP Low (1.3) High (3.0) High (2.5) Vil
land into LANT
permanent
grass areas
Agroforestry [LV_AGR
C3jtransition to |F_FORE Low (1.3) High (3.0) Medium (2.0) VIi
forestry STRY
Direct
payments for
adoption of
D |alternative UK—SLEN High (3.0) High (2.7) High (3.0) IX
land
management
practices
Source: Authors

fBusiness Models - Collective and value chain

Collective and value chain business model adds a collective action in the business
model. It can be in the form of regulation, certification, or other similar measures. The
outcome of applying the model has an impact on society, resources, and technology.
Figure 6 provides a summary of the incentives associated with Collective and Value Chain
business models. Table 3 presents detailed descriptions and ratings of these incentives.

Estimated influence of the incentive

High

®

Medium

©

on the soil health

Low

Low

Medium

High

Estimated influence of the incentive on socioeconomic block

Sour ce:

Aut hor s

Figure 6. Mapping incentives for Business Models - Collective and value chain
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Ten incentives are identified in the BM Collective and value chain. Five of them - D,
E, F, G, and H - show a high degree of influence on soil health strategies. The remaining
three incentives - B, C, and D - have a medium influence, while A has a low influence.
Among these incentives, G and H have a high influence on the socioeconomic block of the
business model. Four incentives - A, B, F, and G - have a medium influence, and one - D -
has a low influence on the socioeconomic block. The influence over the technology block
of the business model is mixed. Three incentives - A, B, and D - have a medium influence,
while the influence is estimated as high for the rest of the incentives - C, E, F, G, and H.
Therefore, incentives C, E, F, F, G, and H can be prioritized as the main incentives, as
they have a significantly positive and important influence.

Table 3. Mapping incentives for Business Models - Collective and value chain

Estimated Estimated
influence of the | . Estimated =
, : influence of the | . @
. incentive on . : influence of the s
Incentive Code . incentive on the | . : T
business model . incentive on the @
) . soil health 3
socioeconomic ; technology block | O
strategies
block
PSR measure 3
A |(quality IT_QUALSCHEME_A | 1o dium (2.3) Low (1.0) Medium (2.0) | Il
GRIPROD
systems)
B |Greening - IT3c. |IT_GREENING Medium (1.7) Medium (2.0) Medium (2.0) \%
C |GLOBALGAP |IT_GLOBAL_GAP_IFA High (2.7) Medium (2.0) High (3.0) VI
PSR measure
10 (agro- IT_AGRI_ENV_CLIM_ . .
D environemental |PAYMENT Low (1.3) High (3.0) Medium (2.0) Vi
payments)
PSR measure |IT_NAT2 WATER_PA : . .
E 12 (Natura2000) |Y Medium (1.7) High (3.0) High (3.0) VI
F1 [SQNPI IT_SQNPI_LABLE Medium (2.3) High (3.0) High (2.5) VI
PSR measure |[IT_AGRI_ENV_CLIM . . .
F2 10 - IT2 PAYMENT Medium (2.3) High (3.0) High (2.5) VI
PSR measure . . .
G1 11 (organic) IT-ORG_FARMING High (2.7) High (3.0) High (3.0) IX
G2 |PIF - IT2 IT_INTEGR_SUPPLY_[ 1yigh (2.7) High (3.0) High (3.0) IX
CHAIN
H [;oR MeasUe |1 oRG_FARMING High (3.0) High (3.0) High (3.0) IX

Source: Own calculations

TBusiness Models - Agricultural production

The agricultural production business model emphasizes farm-level measures to
foster soil fertility. Within this model, various instruments can be employed, such as
conservation agriculture techniques (e.g., reduced or no tillage, cover crops),
crowdfunding for conservation projects, crop production technologies and machinery, and
the use of measurement and digital tools that aid in improving soil health. Figure 7
provides a summary of the incentives associated with the agricultural production business
model. For detailed descriptions and ratings of the incentives, please refer to Table 4.
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Estimated influence of the incentive

Figure 7. Mapping incentives for Business Models - Agricultural production

High

on the soil health
Medium

Low

Low

Medium

High

Estimated influence of the incentive on socioeconomic block
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Twenty-four incentives are identified in the BM Agricultural production. Four of them -
E, F, G, and H - show a high degree of influence on soil health strategies. The remaining
three incentives - B, C, and D - have a medium influence, while A has a low influence. In
terms of the socioeconomic block of the business model, incentive H has a high influence.
Five incentives - A, B, C, E, and F - have a low influence, while D and G have a medium
influence. The influence over the technology block of the business model is mixed. Four
incentives - B, C, E, and F - have a medium influence, and the influence is estimated as
high for incentives D, G, and H. Incentive A is estimated to have a low influence.
Therefore, incentives G and H can be prioritized as the main incentives, as they have a
significantly positive and important influence.

Table 4. Mapping incentives for Business Models - Agricultural production

inflﬁza?:?fcihe Estimated Estimated -
ncentive on influence of the | influence of the g
Incentive Code business model incentive on the |incentive on the £
socioeconomic soil health technology 8,
strategies block
block
VNP-H30
(result-based| DE_VP
A grassland | N_H30 Low (1.3) Low (1.0) Low (1.0) [
use)
KULAP-
B32/33/34 DE KUL
B1l|(watercourse| , —— Low (1.0) Medium (2.0) Low (1.0) \%
g AP _B32
and erosion
control
strips)
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Incentive

Code

Estimated
influence of the
incentive on
business model
socioeconomic
block

Estimated
influence of the
incentive on the

soil health

strategies

Estimated
influence of the
incentive on the

technology

block

Quadrant

B2

KULAP-B19-
23 (extensive
grassland
use for
ruminants)

DE_KUL
AP_B19

Low (1.0)

Medium (2.0)

Low (1.0)

B3

VNP-H11
(extensive
cropland
management
for field
breeders and
field wild
herbs)

DE_VN
P_H11

Low (1.0)

Medium (2.0)

Low (1.0)

B4

VNP-H12-14
(fallows on
arable land

with self-
vegetation
for species
protection

reasons)

DE_VP
N_H12

Low (1.0)

Medium (2.0)

Low (1.5)

BS

Federal
programme
for boosting

energy

efficiency
and CO2
savings in
agriculture
and
horticulture
(Bundesprog
ramm zur
Steigerung
der
Energieeffizi
enz und
CO2-
Einsparung
in
Landwirtscha
ft und
Gartenbau)

DE_CO
2 _LAND

Low (1.0)

Medium (2.0)

Low (1.0)
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. Estimated Estimated Estimated -
influence of the | . : c
: . influence of the | influence of the @
. incentive on . : . . s
Incentive Code . incentive on the |incentive on the °
business model : ©
) : soil health technology =3
socioeconomic : (o4
strategies block
block
PAULa UDLI,EA_F():AU
B6| (cultivation = Low (1.0) Medium (2.0) Low (1.0) v
break) LT_BRE
AK
KULAP-B37
(mulch DE_KUL .
Cl sowing for |AP_B37 Low (1.3) Medium (2.0) Low (1.5) \Y
row crops)
KULAP-B38
(stripe-
c2| /pirekt  |PEKYL ow g Medium (2.0) Low (1.5) W,
. AP_B38
sowing for -
row Crops)
FAKT 1-D1
(no
chemical- |DE_FAK . .
C3 synthetic | T1_D1 Low (1.3) Medium (2.0) Medium (2.0) \Y
pesticides
and fertilizer)
KULAP-
B43/44/45
(diverse crop
rotation with
flowering |DE_KUL . .
D1 species, |AP_B43 Medium (1.7) Medium (2.0) Low (1.5) Vv
protein
plants or
large grain
legumes)
Single Area EE SIN
Payment GLEA P
D2| Scheme + vy Medium (1.7) Medium (2.0) High (2.5) Vv
reen direct AYSCH
g EME
payment.
BBodSchG,
BBodSchV
(Soil
Protection |DE_SOI
E1l| Lawand |[L_PROT Low (1.0) High (3.0) Low (1.0) Vi
accompanyin| _LAW
g Soll
Protection
Directive)

12
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Incentive

Code

Estimated
influence of the
incentive on
business model
socioeconomic
block

Estimated
influence of the
incentive on the

soil health

strategies

Estimated
influence of the
incentive on the

technology

block

Quadrant

D¢V Dy¢
- Fertilizer
Directive
(D¢gnge
E2|verordnung 1
D¢ V)
Fertilizer Law
(D¢nge
ziD¢ng

DE_FER
_LOW._
PAST

Low (1.0)

High (3.0)

Low (1.0)

D¢ MV
Fertilizer
directive

(Verordnung
cber

Inverkehrbrin
gen von

E3 D¢é¢ngem

Bodenhilfsst

offen,

Kultursubstra
ten und

Pflanzenhilfs
mitteln -
D¢ MV)

DE_FER
"DIR_A
GR

Low (1.0)

High (3.0)

Low (1.0)

VI

Greening
(preservation
of permanent

grassland)

E4

DE_PR
ES_PER
M_GRA

Low (1.0)

High (3.0)

Low (1.5)

VI

FUL-13 (10-
year-set-
aside)

ES

DE_FUL
13

Low (1.0)

High (3.0)

Low (1.0)

VI

VNP-H20
(conversion
F | of arable

land to
grassland)

DE_VP
N_H20

Low (1.3)

High (3.0)

Medium (2.0)

VI

KULAP-B30
(extensive
Grassland)

Gl

DE_KUL
AP_B30

Medium (1.7)

High (3.0)

Medium (2.0)

VIl

KULAP-
B35/36
(winter

greening /

G2

intercropping)

DE_KUL
AP_B35

Medium (1.7)

High (3.0)

Low (1.5)

VI
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. Estimated Estimated Estimated -
influence of the | . , c
) . influence of the | influence of the @
: incentive on . : . . s
Incentive Code . incentive on the |incentive on the °
business model : ©
) : soil health technology =3
socioeconomic : (o4
strategies block
block
Enw_ronment EE ENV
friendly FRE E
G3| production COPLA Medium (1.7) High (3.0) High (3.0) Vil
eco plan
: N
(specify).
Gr(ifg"”g DE_GR
G4l , \COP e CRO| Medium (1.7) High (3.0) Low (1.5) VI
diversificatio
P_DIV
n) -
Support for
land
melioration.
(Investment
support for
the EE_LAN
development{ D_MELI . . :
G5 and ORATIO Medium (1.7) High (3.0) High (3.0) Vil
maintenance N
of
agricultural
and forestry
infrastructure
)
KULAP-B10
H| (organic |2E—RYS High 3.0) High (3.0) High (3.0) IX
i AP_B10
farming) -

Source: Own calculations
1 Business Models - Agricultural production/value chain

Agricultural production/value chain business models combine the characteristics of
both agricultural production business models and value chain business models. They
focus on individual farm-level instruments to increase soil health, while also targeting the
potential upscaling of the concept for soil health recovery within the value chain. Figure 8
summarizes the incentives associated with agricultural production/value chain business
models, while Table 5 provides detailed descriptions and ratings of these incentives.
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Figure 8. Mapping incentives for Business Models - Agricultural production/value chain

A total of 20 incentives have been identified in the agricultural production/value chain
business model. Among them, Group C exhibits a high degree of influence on soil health
strategies, while Group B and Group A have medium and low influence, respectively.
Group C incentives have a high influence on the socioeconomic aspect of the business
model, while Group A has low influence and Group B has medium influence. In terms of
the technology aspect of the business model, the influence is mixed. Two incentives (B
and C) have a significant influence, while the influence of incentive A is estimated to be
low. As a result, it is not possible to prioritize incentives for this business model.

Table 5. Mapping incentives for Business Models - Agricultural production/value chain

Estimated Estimated Estimated
influence of the | influence of |influence of | €
: incentive on the incentive |the incentive| S
Incentive Code . . =
business model | on the soil on the <
socioeconomic health technology | ©
block strategies block
VNP-H30 (result-based grassland | DE_VP
A use) N_HI30 Low (1.3) Low (1.0) Low (1.0) I
DE_KU :
B1 KULAP-832_/33/34 (water_course LAP B Low (1.0) Medium (2.0) Medium Y,
and erosion control strips) 37 (2.0)
: DE_KU
g2 |KULAP-B37 (mulch sowing forrow| | x5 gl | o (1.0) Medium (2.0) | Low (1.0) | IV
crops) 37
. . . |DE_KU
3 |KULAP-B38 (stripe-/Direktsowing || x5 5| | 0w (1.0) | Medium (2.0)| Low (1.0) | IV
for row crops) 38
KULAP-B43/44/45 (diverse crop
rotation with flowering species DE_KU
B4 . 9 Species, 1 Ap B Low (1.0) Medium (2.0) | Low (1.5) | IV
protein plants or large grain 43
legumes)
. DE_KU
B5 KULAP-B19-23 (extensive | )5 gl |5 (1.0) | Medium (2.0)| Low (1.0) | IV
grassland use for ruminants) 19
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Estimated Estimated Estimated
influence of the | influence of |influence of | €
, incentive on the incentive |the incentive| S
Incentive Code : . S
business model | on the soil on the S
socioeconomic health technology | ©
block strategies block
Federal programme for boosting
energy efficiency and CO2 savings
in agriculture and horticulture |DE_CO
B6 | (Bundesprogramm zur Steigerung | 2_LAN Low (1.0) Medium (2.0) | Low (1.0) | IV
der Energieeffizienz und CO2- D
Einsparung in Landwirtschaft und
Gartenbau)
VNP-H12-14 (fallows on arable DE VP
B7 land with self-vegetation for N H12 Low (1.0) Medium (2.0) | High (3.0) | IV
species protection reasons) -
DE_PA
B8 PAULa (cultivation break) BII:"‘F:CB: Low (1.0) Medium (2.0) M?ZO_“(;J)m A\
REAK
VNP-H11 (extensive cropland .
B9 management for field breeders IDDEQ\{T Low (1.0) Medium (2.0) Medium \Y,
. , - (2.0)
and field wild herbs)
DE_KU
C1l |KULAP-B30 (extensive Grassland)| LAP_B Low (1.0) High (3.0) Low (1.0) | VIl
30
, : DE_KU
cz | KULAP-B35/36 (winter greening / || »5 5| [ ow (1.0) High (3.0) | Low (15) |V
intercropping) 35
ca | VNP Hli%ctg”grzr;?;ngg arable R?ﬁ\ég Low (1.0) High (3.0) | High (3.0) | VI
DE_GR
Cc4 Greening (crop diversification) |E_CRO Low (1.0) High (3.0) Low (1.0) | VIl
P_DIV
DE_KU
C5 KULAP-B10 (organic farming) | LAP_B Low (1.0) High (3.0) Low (1.5) | VI
10
BBodSchG, BBodSchV (Soll DE_SO
C6 |Protection Law and accompanying|IL_PRO Low (1.0) High (3.0) Low (1.0) | VIl
Soil Protection Directive) T LAW
D¢ V D ¢-rFgrtilizer Directive DE FE
c7 | (DeéngemittelDeVis "o Low(1o) High (3.0) | Low (1.5) | VI
and Fertilizer iU
) PAST
D¢ngG) -
D¢ MV F erditectivei z ¢
Verordnun ;
(Inverkehrbringen von )¢ DE_FE .
C8 , , R_DIR_ Low (1.0) High (3.0) Low (1.0) | VI
D¢ngemittel n, B AGR
Kultursubstraten und
Pflanzenhilfsmitteln - D ¢ MV )
DE_PR
co GLeeimg%e(ﬁ{egség’jgﬁg)Of gﬁ:gi Low (1.0) High (3.0) | Low (1.0) |ViI
AS
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Estimated Estimated Estimated
influence of the | influence of |influence of | €
. incentive on the incentive |the incentive| S
Incentive Code ) . g
business model | on the soil on the S
socioeconomic health technology | ©
block strategies block
FAKT 1-D1 (no chemical-synthetic DE_FA .
C10 . . KT1 D Low (1.0) High (3.0) Low (1.0) | VIl
pesticides and fertilizer) 1
) DE FU . )
Cl1 FUL-13 (10-year-set-aside) L13 Low (1.0) High (3.0) High (3.0) | VII

Source: Own calculations

Conclusion

The incentives mapping aims to categorize incentives that have been conducted on
the social, economic, and environmental building blocks of soil health business models
within the agricultural and forestry sector. The incentives mapping was divided into four
phases: identifying, analysing, visualizing, and prioritizing.

For mapping are used the case studies in the project that evaluates the incentives
that have direct influence on the case s
61 incentives in 7 countries. The incentives were assessed and placed on a coordinate
system with nine quadrants. Fourteen (23%) of the incentives are in top right quadrants
(VI, VIII and 1X) and have the highest influence over socio-economic indicators and soll
health.

Only 1 (16.7%) of the incentives in Business Models - Value chain is situated in the
top right quadrants. From that point of view, incentives are not efficient enough. BM
Collective and value chain have 6 (50%) incentives in top right quadrant that have high
degree of influence on soil health strategies. The effectiveness of the incentives here is
much higher than in BM T Value chain. In Business Models - Agricultural production 6
(25%) incentives are in top right quadrants. The main characteristic of this business model
is that there are many incentives present. In Business Models - Agricultural
production/value chain there is none incentive in the top right quadrants, which means that
effectiveness of the incentives is low.
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Abstract

The present report systematizes the agrometeorological, technical and special
parameters necessary for the production of multilayer maps and the creation of forecasts
for the development of plants in precision agriculture. The most important parameters are
considered, the methods and means of their measurement are shown. Experimental
studies were carried out on an experimental field in the South Dobrudja region. The
obtained results have been analyzed, the trends of changes in the parameters have been
given in tabular and graphic form, and the relevant conclusions have been drawn.

Key words: agrometeorology, measurement, parameters, precision agriculture.
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10 BRBOMdzsHO2 dZOISO tetsL © k dgOf MJ J M LHOZO Lk
ZOkZC OO, dts kM jhdes M dqLYftsdzLea O L O tBMmdzzy o Odz
sfts j des IsktedL dizO. I i hdzesmls NOadd i Ot ifEps Hfotd
tcOMmisjdzadj d2ORJicO tOL ftetsMisteOdzj dedj MtejH BOMso s
ZOMmj dzj dedj. Y dhjds bkteMSts, LONkts MjH §sistjsdl
B dzc @t dh® dzdzO dzd , O fntedMmMisdwdedlsj, Ctsdlts L OfBsYys Ols
JHoO 9o ftMmdzjHdedlsy HiMilkddilsdy ftjHd [MeosBtBH]IS

1 teduyddedls L O oLtcdo deslsts o jdzd yd ded 4 dzO
csL sftecsdLotsHmMisoslss 9 wlilstej d&zy® fejLr mm 93¢ MO d
dzso d tc0O2 sdzd, s Mg zOB dz¥ HOO P wWOEUsJdzdGIls dADL
RLYJLOOdz] sts dz20 bikzttmMltslsts dgOMmjdzj dedj dev Ci v dai
Htclzd OH j , ZOftcddizjte dzO Mmjojt ls 1 Odz¢ OdzO, sso O
[ OMdzsH ©O2 dzZOISO tetsL O j gL Cdzt ydilsj dzdzs oL dMm¢ Olsj dzck
slsedpiBtse dzj f sHatsHWh d EMdzcedw HO9o Ols d¢ sdzts dzd .

szt ysod HEdBdOtegFr O, dOBROW o Odzj, ftesdL oatsHMIso

THE REDUCTION OF ROSE PRODUCTION IN BULGARIA
Veselin Boyadzhiev, Neli Veselinova

Sofia University, Department of Social and Economic Geography, Faculty of Geology and
Geography, Sofia, Bulgaria,

v.boiadjiev@abv.bg, n_veselinova@mail.bg

Abstract

Mythology about the rose in our country has no direct connection with science but is
successfully used to serve other parts of the economy, especially tourism. In fact, this
plant of Persian origin found distribution among the Turkish Muslim population in only
about two centuries. There were no Muslim Bulgarians among the users and distributors,
and the Christians who started to do this appeared in the last decades before the
Liberation War of 1877/78.

There are many reasons for the explosive increase in the areas related to rose
production in Strelcha in the 20th century. Geographically, there are no new areas, but
there is an expansion of sites in some of the old ones. The disappearance of the Turkish
population somewhere is not a factor and progress is observed, but elsewhere, for
example in the north of the Balkans, it also leads to the disappearance of culture. The rose
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is an extremely demanding culture and all attempts to grow it in unsuitable conditions give
economically unfavorable results.
Key words: Bulgaria, rose, reduction, production.
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Abstract

Modern agricultural practices being used since last few decades in most of the
countries worldwide have made food abundant and affordable for the increasing world
population. Use of natural compounds and natural pest predators for pest management is
one of the primary agricultural practices aiming at an environment-friendly agriculture.
Biological surface-active molecules, biosurfactants are such ecologically safe compounds
that have been reported to have prominent biocontrol activities and immense potential for
a sustainable agriculture. Biosurfactants have also been successfully incorporated in
synthetic formulations to enhance the effectiveness of chemical or other biological
biocontrol agents. This review article strives to illustrate the various applications of
biosurfactants as a component of sustainable agriculture especially their use as a
biological pest and pathogen control agent.

Key words: Biosurfactants, Biological Plant Protection, Sustainable agriculture,
Biocontrol agents.

Introduction

Changes and disturbances in the habitat and biodiversity of animals and
microorganisms in recent years due to anthropogenic activities, that include extensive use
of fertilizers and pesticides to deal with the numerous pests attacking the crops and
pastures and also for increasing the productivity of the land, depletion of soil and water
quality, loss of soil and water biodiversity, and increased contamination and toxicity to flora
and fauna as well as human and environmental health, have altered multiple host-microbe
interactions and have led to an increased susceptibility of various crops to multiple novel
pests. Apart from extensive negative effect on human and environment health, nonpoint
source water pollution caused by pesticide and fertilizer laden agricultural runoffs leads to
eutrophication and dead zones in many water bodies. Biological surface-active molecules,
biosurfactants are such ecologically safe compounds that have been reported to have
prominent biocontrol activities and immense potential for a sustainable agriculture. Various
biosurfactant-producing microorganisms have been isolated and studied from various plant
surfaces, including rhizosphere and leaves. Many plant-associated endophytes have been
found to play an active role in plant immunity, plant resistant to stress factors, plant
defense mechanisms, including direct protection from pathogens and pests as well as
facilitating biocontrol mechanisms of other plant growth-promoting microbes. Many of
these resistant mechanisms can be attributed to the specific secretions of plant-associated
microbial population and hence, the study of plant-associated microbial molecules
assumes vital importance. Biosurfactant is one such molecule that has been studied to
play a vital role in plant growth and immunity and also in the activity of endophytes for
increasing plant resistance and immunity. To fully unravel different aspect of sustainable

93


mailto:ivotg@abv.bg

[s{[f4RrRC R b1 fprrimul rofrrvdf)1orRIDVEHRY [ &5 dd ARCH[ R

agriculture, it becomes imperative to study the association of biosurfactant and
endophytes in plant biocontrol mechanisms (Sarubbo et al., 2022).

Biosurfactants

Biosurfactants are amphipathic molecules produced by many bacterial and fungal
species under varying environmental and biological conditions. They are either produced
extracellularly or secreted at the cell surface. The amphipathic nature confers on them the
ability to orient themselves at interfaces and bring about lowering of the surface tension.
Also of importance is their ability to form micelles (Fei et al. 2020).

Biosurfactants are amphipathic in nature, that is, they contain both hydrophilic and
hydrophobic domains. The hydrophilic part may be ionic (cationic or anionic) or nonionic
and consists of molecules like carbohydrate, cyclic peptide, amino acid, phosphate
carboxyl acid, or alcohol, while hydrophobic part is mostly a hydrocarbon chain.
Depending on the type of the hydrophilic and hydrophobic groups, biosurfactants can be
classified as glycolipids, lipopeptides, lipoproteins, phospholipids, and similar such
molecules. Based on their molecular weight, biosurfactants are classified into two main
categories: low molecular weight biosurfactants, including glycolipids and lipopeptides and
high molecular weight polymers, like some polymeric and particulate biosurfactants. Low
molecular weight biosurfactants are primarily implicated in the lowering of the surface and
interfacial tensions, while high molecular weight biosurfactants have been reported to be
more efficient emulsifying and stabilizing agents (Mishra et al., 2021). Structure of a
biosurfactant is critical for its biological activity. Any alterations in structural diversity also
confer on the producing host a diversity in functional attributes. Hence, the study of
structure-function relationship of biosurfactants in various niches is important. Various
member of many bacterial and yeast species been reported to produce different types of
biosurfactants. These include Pseudomonas, Rhodococcus, Bacillus, Lactobacillus,
Acinetobacter, Arthrobacter, Corynebacterium, Enterobacter, Alcanivorax, and Candida
among others (Drakontis et al., 2020).

Applications of biosurfactants in agriculture

The versatile properties of biosurfactants also enabled them to be used in agriculture,
mainly to replace synthetic surfactants in formulations of pesticides and agrochemicals,
favoring the expansion of "green chemistry” in this sector in response to the need to
reduce/eliminate negative impacts on the environment and human health due to the
excessive use of chemical compounds (Cameotra et al., 2010). Literature reports that
rhamnolipid and lipopeptide biosurfactants are associated with an improvement in soil
quality, which is important for the production of crops, as these natural compounds serve
as bioremediation agents of soils, surface water, groundwater, and waste streams
contaminated with hydrophobic organic compounds, such as polycyclic aromatic
hydrocarbons and metals (Carolin et al., 2020). Due to their antimicrobial activity,
biosurfactants from the lipid classes of mannosylerythritol, rhamnolipids, and lipopeptides
can also be used as biopesticides to control different pests, pathogens, phytopathogenic
fungi, and weeds (Ingle et al. 2023). Lipopeptides produced by Pseudomonas
putida and Pseudomonas fluorescens respectively cause the lysis
of Phytophthora capsici zoospores, whi ch cause the Adampi
inhibit the growth of phytopathogens, such as Pythium ultimum, Fusarium oxysporum,
and Phytophthora cryptogea (Kumar et al., 2022). Other lipopeptides and some glycolipids
have also showed promising results in this field regarding the inhibition of the action of
aphids, mosquitos, and harmful toxins produced by the fungus Aspergillus parasiticum in
peanut, cotton, and corn crops, preventing microbial infections and pest
infestations (Abdellaziz et al. 2018). Biosurfactants and biosurfactant-producing
microorganisms can also serve as nutrients for plants (carbon source) and aid in the
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absorption of essential substances for their proper development through the efficient
distribution of metals and micronutrients in the soil and production of biofilm on roots, while
also protecting plants from harmful substances.

Biosurfactants as antimicrobial and biocontrol agents

The presence of different types of stresses is one of the reasons for the production of
biosurfactant by the microorganisms and hence it is not surprising that many
biosurfactants exhibit antimicrobial activities probably as a defense mechanism for the
survival of the host in a competitive environment. In plant sys- tems, various theories have
been proposed for this activity. Biosurfactants can have a direct antipathogenic effect or
stimulate antipathogenic properties of other neighboring microorganisms in the niche (Sani
et al., 2023). Additionally, biosurfactants have also been reported to show an indirect
antiphytopathogenic property by increasing host defense mechanisms enabling them to
counter any pathogen attack by antagonistic secretions. Rhamnolipids, sophorolipids and
lipopeptide molecules like lichenysin, fengycin, surfactin, and iturin have shown activity
against many phytopathogens, including Botrytis sp., Rhizoctonia sp., Pythium sp.,
Phytophthora sp., and Plasmopara sp [Geissler et al., 2019], as well as many bacterial
plant pathogens like Acidovorax carotovorum, Erwinia amylovora, Pseudomonas cichorii,
Pseudomonas syringae, Pectobacterium carotovorum, Ralstonia solanacearum and
Xanthomonas campestris (Hazarika et al., 2022) and cause loss of spore maotility, inhibition
of mycelial growth, and disruption of zoospore membranes leading to the lysis of
zoospores of many fungal strains were the primary modes of antifungal activity
ascertained (Singh et al., 2022), the zoospore-lysis effect on different species of Pythium
and Phytophthora species, including Pythium aphanidermatum, Phytophthora capsici and
Plasmopara lactucaeradicis (Tahir et al., 2022). A reduction in the rate of deposition and
adhesion of pathogens is one of the modes of action for the antimicrobial activity exhibited
by many bio- surfactants. The hypotheses mostly proposed for the mode of action are as
follows:

1. increased membrane permeability by modifications of phospholipids;

2. damage and alterations to the cell membrane by alterations in membrane electrical
conductance, disruption of membrane cytoskeletal elements, and insertion of fatty acid
components; and

3. adhesion of biosurfactant to cell surface causing deterioration and disruption of cell
membrane integrity and nutrition cycle (Sani et al., 2023).

Modifications in the profile of phenolic compounds produced by the plants are one
such effect observed after pathogen infections. Apart from alterations in phenol
composition, a plant enzyme that is most commonly found to be affected upon fungal
infections is phenylalanine ammonia-lyase (PAL) which is a key enzyme in phenol
biosynthesis and in the biosynthesis of plant phenylpropanoid compounds such as lignin
and flavonoids. Activity of PAL has been found to be primarily affected in various stress
conditions, including during pathogen attack, and an enhanced enzyme activity has been
observed in many resistant cultivars against various plant pathogens. The positive effect of
biosurfactant on phenolic compounds in many studies indicates an enhancement of PAL
upon biosurfactant application leading to a protective action against pathogen attack.
However, more detailed study of the effect of different biosurfactants on PAL is required so
as to shed more light on the protective mechanisms of biosurfactants against plant
pathogens and also to aid in the development of pathogen resistant plant varieties (Aswani
et al., 2022a).Studying the expression, activation, and involvement of molecules such as
guinolones, homoserine lactone, and las R in endophytes would shed more light on the
regulation of biosurfactant production in plant-associated microbes and their roles in the
biocontrol of plant pathogens and pests as well as in plant disease prevention (Hazarika et
al., 2022).
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Rhizosphere colonization is affected by root exudates and nutritional status and it
was proposed that as observed in the in vitro conditions, rhizosphere conditions can
modulate associated bacterial cell physiology toward the secretion of specific compounds
over other molecules (Aswani et al., 2022b).The surfactin production is related to quorum
sensing processes and along with several transcription factors, also involves two
pheromones, ComX and PhrC, that are also involved in the development of competence in
the Bacillus host (Geissler et al., 2019). Effect of lipoprotein on the host defense
mechanisms can, in turn, be varied and can include direct antimicrobial activity, alterations
in rhizosphere competence, or affecting host plant immune responses. Hence, like
rhamnolipids, lipopeptides can also be perceived by the plant cells as trigger and signal to
initiate plant defense mechanisms and path- ways. However, further studies on the
specific plant receptors involved, effect, and the role played by neighboring endophytes
and other physiochemical factors of the rhizosphere are required to actively employ
lipopeptides as biocontrol agents and in understanding the protective role played by some
Bacillus species in plant disease control. A lot of work has been done and a lot remains to
be explored to understand the genetics, synthesis, structure, and regulation of
biosurfactant production by many plant-associated bacteria, including Bacillus to optimize
biocontrol strategies (Rajan et al., 2022).

Biosurfactants (primarily glycolipids and lipopeptides) have been implicated in an
enhanced immunity in host plants as well as an increase in plant defense mechanisms.
One aspect of this is the stimulation of induced systemic resistance (ISR) in plants that is
mediated through pattern recognition receptors, recognizing molecular signatures
(microbe-associated molecular patterns) that are pathogen- specific. Upon induction,
specific defense-related genes get activated leading to the accumulation of antimicrobial
molecules in plant cells. Mono- and dirhamnolipids secreted by Pseudomonas aeruginosa
and Burkholderia plantarii have been found to be responsible in initiating strong defense
responses in the studied host plant, that is grapevine. These responses included Ca21-
mediated cell signaling pathways, reactive oxygen species (ROS), and mitogen-activated
protein kinase activation (Sani et al., 2023).

These molecules have also been implicated in inducing multiple defense genes in
plants against pathogenesis caused by many microbes, including B. cinerea. These
included some pathogenesis-related protein genes and genes involved in oxylipins and
phytoalexins biosynthesis pathways. However, the mechanisms of interaction between
biosurfactant and host plant as well as the involvement of other endophytes in this whole
process are an area yet to be fully explored. Also of importance is the study of the
structure-specific variations in this activity of biosurfactants and specificity, if any, with
respect to other plant metabolites and environmental factors (Bhattacharya et al., 2022).

Among all the biosurfactants discovered and reported till date, glycolipids and
lipopeptides are the two most prominent classes of biosurfactants that have been
extensively studied, not only for other economical applications, but also for their antifungal
properties against multiple plant pathogens. In general, the ability to permeate cell wall,
create channels, and damage the surface of pathogen has been found to the major modes
of action of these antimicrobial agents. This is especially of importance in the current world
scenario when an unprecedented use of fertilizers and pesticides in agricultural practices
has irreparably damaged many ecosystems and a sustainable approach to farming is
critically required. Also, of grave environmental and health concern is the emergence of
many pesticide resistance pest varieties that pose further threat to agricultural output and
necessitate the need for ecofriendly vector control tools (Jaiswal et al., 2022).

Conclusion

Unsolicited, indiscriminate, and extensive use of chemical fertilizers and pesticides
have invariably introduced large amounts of toxic compounds into various ecological
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niches thereby posing a threat to human and animal life. Biosurfactants have been
established to have competitive antimicrobial activity and also enhance soil properties,
thereby promoting enhanced crop yield and improved crop and pasture health. The
prominent challenge that limits their extensive application in agriculture is their cost of
production. Economizing the application of biosurfactant in routine agricultural practices in
various countries across the globe, for pest and pathogen control, would open a new era
of sustainable agriculture. The role of biosurfactants as elicitors of systemic resistance
opens a promising research area in making of genetically engineered plants that are pest
and pathogen resistance. Detailed studies on the presence and distribution of endophytes,
their ability to produce biosurfactant, and the nature and function of biosurfactants isolated
from endophytes would go a long way in the establishment of biosurfactants as
sustainable agents of biocontrol. More information on details of biocontrol mechanisms of
biosurfactants will aid in the making of bioformulations containing biosurfactant with more
specificity and wider applicability. Extensive studies on biosurfactants from plant-
associated endophytes might also lead to discovery and isolation of novel biosurfactant
molecules of wider metabolic functions. Also of importance is a detailed study of
metabolism of endophytes, controlling pathways and metabolites as well as the effect of
environment and other physiological factors on the biosurfactant production ability of
endophytic microorganisms and the variation, if any, among different plant varieties and
cultivars. This would further help in monitoring and strategizing the role and activity of
external biosurfactant applications in agricultural practices, thereby strengthening the
productivity and economic profitability of agricultural processes. Nevertheless,
biosurfactants, as externally applied agents or as molecules produced by plant- associated
endophytes, are safe, cost-effective, efficient, and sustainable biocontrol agents.
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ERRATOLOGY WHEN USING STATISTICAL METHODS IN SCIENTIFIC RESEARCH
IN SOIL SCIENCE

Georgi Tassev

SSKB

Abstract

Young scientists, doctoral students and specialists learn about new and existing
models, methods and results of scientific research mainly from publications in scientific
journals, scientific works of higher schools and scientific research institutes, collections of
reports from scientific conferences, symposia, etc. Their knowledge in the field of statistical
methods is usually modest, therefore the conclusions of the authors are taken on trust, as
absolute truths. This would not be so terrible if the statistical methods were correctly and
correctly used and the analyzes precisely performed and the results properly used in
making and making decisions. Without citing where the mis-analyzed statistical results are
taken from, who the author is, etc. we will take the liberty of pointing out what constitutes
the essence of an error committed, what is the cause of the misinterpretation, and how the
statistical apparatus should be used.

Key words: statistics designations, pseudoreplication, significance level, confidence
interval, hypothesis testing, criterion power, correlation coefficient.
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object; Ul i research conditions;

KSO'i criteria for the condition of
the object; MI T methods of
] 1 R measurement; OEl i equipment and
— equipment for measurement; RPI i

/ order of carrying out the research;
VRI i time for research; BIO i

i number of investigated sites; MOR i

methods for processing the results;

MAP i methods for analysis of

[ ¢ | A l results; FPR 7 form of presentation

t of research results
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jHjdzjdz sdf ftsyes O M 1P fae®oddd] sOPS BsOJY] s
O OCtsoa0O Ikeoi tcHjdedy Y BSHOHO HH HJWdddydw
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{ OLh W o Odgijlat dE®@Isdlsj, §wdzyjdd o &EORSO { d
sdfO ftsye0® | (s dj BOkdydsE.sdy ROt jyydsh sOts dzg th
CjLEdsOldls] Gl ksySsoslks oL-fdaaki0dd G Esdsds
SIs¢ dztsdzd dzed § wsils dMmilsd dzi¢ Arids@®D Isfiyfldrsdddegs fiffs di G OotdfusCide d fi

lisBasHd®B] S§dmoOlj ddd NMsokdmisduj MSd & Ot
MlsOlsdmisduj MSd ROwOClkjtdmisdSd o dzOkydedls)
kOowl MijHdOO Otdldjldyudd flss2 dshls d jH
O teBHIEO ISy dets SISC dzsdzj dzgdj, Gtejh SO dzO@ fte] H dzaC
ydw ddzd Hdmijemdy. [SBOawdzlsts dz® d dz¥ s BC
g 5O dzded Isj] Miss2 desiisd dz® dLfdzjHo Odzed™ ¢ Ote
ZOKO d Co Otlsd dzd s dz@ wds jdfdg® 10O , k edgsdgdiyd d dz
sOIdlsj b je¢Mfjteddjdso 4 Mj Mmj kdj md

Oo0Odzj d OdzOdzdL dzO HOdzdzed Bl §teso j[BlHcIsSts |

(RS
m'-

OUTHO
5 0%
o=fT

B EQo O ITa,
w N'Q.&
"GO0 pnp0ITS
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5. tseojtedlsjdzjde dqdzalsjtco Odz dzO0O Mtcj H OISO flsts?2 datsfr
{ JLkdzsOls qOsdid LEfds jOdizO §tsyoe jded SBjClsd yjmists ]
X +s, (1)
Ci H Bty BYj OO dz0 Mij Hd&OKO Mist? dsls;
Sisyj dz6 OO &0 ftej HdzsS o OH Ol yudesls s IsC dzsdzj dzd j d

I LOoadmdismls s jCMmfjtedd dlsOdzded™  &zOdz, Ml
slsC dztsdzj dzd j) HBsyj HO ROtOCIjtedLdqtc® tOL dzd yded o
ftej 5 [ OoPsdgo O, yjMmists s Mj BlsdzOMY HE CtsSz=6 OlsO

Chlsts RO s I MisOdH Okl dslst tynddtusd ddj Hej IsdL

Bj®B s dzO dL o OHC @lds@zy dsgsts dfl tstfstise Isttsds | dzd jds@sdzC O, jlsts
tejh COO dO Mmtej HdZOKO fMdstushydpsinls] df sisizdeS wed®@ ey |
Sy dted di3d dals egzezs Btlz] L M § Of BB B PO O, d Istsy
Yyj ¢ 00 fj ldOmMY Hts HOHjd (WdSMdttOodzs) d3j IstsH
s In. Mz y02 dz0 detstedzOdzdets twWOL ftoj Hj dzj dzad J , 0 j otsw |
sts2 detsfls o ddzlsjtco OdzO 6(7 20, Js. ff tod ssddsudafsls j dzdia® Istcj Is
s dedzd o sfls 2@ MtejH OO Mss2dsmls J dLoi dz
Lydfmdzv o Odzgj sts dz0 Htse jtodlsj dzdedw ddalsjtco Odz L O fMte
st @E&OBO [16, 17]:

_|_

s
s
U

MEDRIF G QG f|a

ta, , 2)

fi) dLUISdZLSO-@ZJBHBJtdZ@W tdzO wlss Hjdals ftod teOL dzd ydzad
tcOL M dJtow 9 Odgj SBRro OO d2O ol L B3tsy dzd s § fMists2 dztsfls
sftcOoHOdts MOBEs OCHK XBiEGRG st sOL § PdHdukE] dad jj
tcOL dzd yOo © ol tcH] ddtet s dsttdkOddslsts) . 1 d&dsc
My BftejHjdY o9adHO dzO L OCtsdzO dzO tQ@LlItGJHJdZJdZCfJ
ftcddzOc© Ctodlsjtcdw dzO wlss Hj dzls. vt O® jJ CGtjh o,
By i HO fCBdfdiefioged t©j L EzdlsOlsd, dOfteddijt lstedyOls,
CtOdzd YO O "OwOClkjttdmisdCOsO. |00 j dzj 58BEL SH
&ZO0 wOLftejHjdd, Ot My dJqLyitdkL e O MmMaj BOISO dzO
tcjNjddj HOdZd HO fREzdPL PsdzL 8 O W ste
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A [

@ur 3 HmocTparm za 0bACHAE aHe Ha TephEEH “MHMEME IIOETOREHET
MIameriTe w@epHM EPETOEE Ca eJEMEHTHT: Ha IpobmTe (TowEH 54
BIeMare Ha OpobMpaspesH B TH), MAaTEETe EFagparTH  —
HEEJHOPOAHOCTHTE Ha |-Fo  HMEO, TONEMHTE  EBafgpaT  —
HEEJHOPOAHOCTHTE Ha Z-p0 HEEO. O THOCTHO HeeHOPOAHOCTTA Ha Z-TO
HHED HA CXEMATA A € IPeICTAERHO ¢ MEFME IIOETOREHEA A Ha cXena B-
Ta JmEnceaT.Fig., 3. Illustration for understanding  the  term
“pseadoreplication™. 3mall ecir- cles represent sampling elements
(sampling points, soil  profiles,  ete]), small squates  represent
heterogeneities of the 17 evel, large squares represent hetet- ogeneities
of the Z level. Concerning the heterogeneities of the 2'% lewel,

pseudoreplication is preserted in scheme A, and they are shsent in
scheme B

vy jfdzjded R OOCIsjtec L dzOyj dz
[BjdE dO dLoOHS OL n Tabnuua 2. Mpenopuiumeniu
{Yyd €0 &0 fMtej H dzOl X Cramucmuky 0pu OnUceaHe Ha
{uj dzt © dzO Mtej H dats ¢ S PEIVIMAMUME 0 NoYseRLmea
FLS ¢ S;E d@z; gzgcl G5 el O _ BHCIBOUMERITIL L MEXHUME
( min

| ﬂj G O GO s dadzd o oaHausHUATable 2.
[Uj&ZC O dzO &gj HdOde Med dsgzq Fecommended Sfaﬂaﬂc_
[yjdzC O dz0 cstededw Qs approaches for describing the
{Yyd &z€ 0 dz0 BOC Md d3¢ max resuifs of soll experiments and
flsts? datsfls thelr designation

N/ ' W i E W

WW | —

N
o

0 03 0,5 1,0 .V

17

@ur. 4 Cxema 3a npegsapuTenHo onpegensHe suaa Ha
3aKoHa Ha pasnpegeneHue Ha uscnegsaHua napameTsp. Fig. 4.
Schematic diagram of a situation when an assessment of
statistical significance is required: N-HopManeH 3akoH Ha
pasnegenenue; N/W- HopmaneH uni seidynos 3aKoH Ha
pasnpeneneHve; -eKCrnoHeHumaneH 3akoH Ha
pasnpegeneHvneW-seibynoe 3akoH Ha pa3snpeferneHue
W E
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1 Oy dets L dzOyj dzd §
tcts VW Isidgtdiffis Mo i toL

ted dLudmdzj dedj dzO Hise jJtedlIs]
0] Ists M HBo jtedlsj dzdzOISO W 3F s W Is dat

SEhGuPwSE | kot «azOStsdOGtE@EHEsS | Hto jtdls o

Is;ts,aOlsiztssz-dg,@dZQ@)tsJ pjtecWisdsmislsO HO Aftksy kidzjls,

d ®Od ¢ B2 folttejddy HBo jtdlsj dddvlsS d dzls

D j dzd Y Oo afiph j flp@y ez®j tco OdzO, dats ko j dzd yOo O oL By d

h

J

9 J

]
dzts
9 s

J - Il Mmisdzn Oelsdlsy 5 MsOsdMiyded @ st dab@ y 826

IgCcEO— o
Ui“‘—“-”ﬁg-' 4

|%f joziz jj dB © O dz.

dzd

te d

ojtdlsj dzdzdwils ddzlsj tco Odz dzO tsu;dz OO dz© Mty
j sl o ftod Hz® @ dgday quf]ﬁzyaBL ZzOdzd j sts fted L OS¢ 5
&z My sftcjHjdvfs WstedzzdzdIlsj[ 18, 16, 17] :
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&w
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vs)
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=
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=
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|

Ci Hjllbjs fOELOM]jII il &O YsttdOksO GO®EOS SEEos , 6?2 |
~nOtOCIsjtedL O ftodzsy jddjlsts dzO Ctcdo OISO dzO tOL ff &
dzj 2 dz2OIs O W reiBO; ¢ i W d yd jredbue), d uddists Mmiss2 dtsimisd .
[18].

) ted  EiFLYE G E, =EYT

6. | Sted3Odzdzsls dzO tOL ftcj H dzj dzad j Ists

1 Bed3OdzdesMisls©  (fsHyddzaj dzedjy dz0 t©OL §tej HJ dzj dzd § |
st BOddd™” LOStd) Gl ¢jdj cOdkdzOO fi oC kY dasls
TGOS jtedL OO BjSkO, dzJisEsEtﬁ;Jlls@dgﬂmlzﬁndzjsﬁ)qgf
LO bWodOlO ftddsyddshls. 1tehls ftodL 0SS, vj d

stcdBOdzdz0 Mi o C kY detsfyls H Odadzd , J Ot jsW d ) 1;(1’"
CsjWdydjdzls dz0O 9 QtcdOydw (L O Meat2mMmlse O,v=
%d&BZOHOdNhN O ® 70% (0,7 s d 4 J 9o HJOY
dz0-9 j oW Is dafs tsOLtthJHJdZszd s

tcOL ftoj H] zEliEtgsed dzOMBE
tcOL dzd Ydzts tsIsls izts tc@EOELZ A4S

Wdge.
JIsts My _
ftcJ Hf BdZOG OIs tOL ftcj H,
sjW¥dydjdlsi s dzO e OdOydw |
Wde. 4 t©OLftojHjdzjded j Ists d3 YHE dtedOg@s H dj 2
fteso jtod ~dftlsjLOO LO dHO dz20 oL ftesMmistcOdzj dzd
Btots? fsols®f @dw .o fthslsaLB@ B2b-G-2 0 Ofig , OCts BlotsWw
Solststej dzd-sB@ § $His 15, Issc0980 dz; Md dLol teh 9 Ols
0] cjSd yj o© M tslse jlst
n S W o[uo[c;dzls 2O o Oted OV q’W dzO H @ 0 %,
cOL dzd Yo O dilsj My Miss?2 dzsis d,
tedw dz0 Rtco ddz [18]. mdf slsjL OlsO
dted M fsdi3chIlsO d&zO tOL dzd ydzed Ctod
0] P&Eigls i3 dLfsdzZL o O o §tsyse tsL dzOdzd j
w LOSC{fr]c{ dzi MOBs ls dMmisd dzdesmisls © dzO
toj yd dz0 destcdB3Odzdeslsts, sHzfpp 3O O dicZz @®@HdS
Ol O dz0Ots sptgtSds e a @RS IsH B isls JL @GEAOQ.d dz fMls
0, Rogozhnikov, 2012)[9-1 1] € OL 9 O, Yz O € dete s gSbapitols dzO
0] BBBEIEJ L @®O2dzsc Otcd Is iz ydzets destc d3ZOdzdzd v L
dd8pjite gel hal t er ) [HItRE ta @ OeiAsls @ tc d Isdgd2y dzts  dzt
GOISO [5] 4 ftwjHddsyjdO IsOBdJyO M Ctedlsjt
j MO O OdzlsjtedzOIsdodzdIlsj Mmi o) Gz dzffmils @, gt tsvelat
otsL dzOdzed § Ists.
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) tcOBBISOO [ 7] mMihts 1OCO J HOE[] ditsH sfplsits o j ©
JSMYjteddi delsOczded HOdeded f§ulsd omduSd fteddztsy j dzd
LO dzstedzOdzdzts twWOL ftejHjdzj dedy dzO ctejih Cdlsj, dzts A. .
fnd S &gl Cdlsjy dO dL BjteoOdsj o IsjLd JjSMmyjteddj d
Hiczeed fOttOd] Istedyded dBsHJ dzd dzO-3Q XS dzdf)] o & ishgldsdsa?
tojLEzdzsOdlsj tsls dL d3jtco Odzj Istshi, ddzs Mlstedtc©®2 € d, L
MsOlsdmMisdud M¢d wWOLftejHjdzf dedv, TB8COLOded dzO Wdck
dzdlsts jHddz SIs Cteglbp@®ddj to@j ¢ EO¥zd ud .

10 HO M dqLYitdzLaO OLftjHjdijdd, SC(tilt Mnj
CObts Ijtstejlsdyd da SH| dz, stcwB 9o © H O ttELJdndzs & Gk
Bsyd HO M 6lCttdj, Uy dqLoaOHSCBodIls] twOLftejHJdzj oz
tcOLgaid L OC sdz] .

Il deOkydzdlsjy dL Mdzj Ho Oded™w o B Al @GP Hoyfse

stedlsj tedw dzO 1 dqtemtsds d s wuddsdjidadts’e . dz0 s BzBsSESKSo
O od ftod zOG Odzj d&zO § t6°d BWRDIOH teddlds )& ff s jnHs dalzw dzj o d
tcOL §f toj HJ dffj pzdH tistsz ¢ Ols , Cdig dslsstay disiff IsdfL s OL W 9 Ols o Mmdzj H
O)fteddzOc© My Ctedlsjtedw dzO 1 demtsdz BjL HO M
z fydzts o d yrass@nj =n = _Af;tm[q’lsdzc)lso g dvs s @0 ifzOdzO ctolzf d
dziz Y02 dzOIs © mpip dzdpY dfdz@z0 ¢ dzOMtso jIsj dzO Gtz dcOdzj ;
B) ifffls dzdIsj dzO Mo wsBtHO fMj ttkitcinHg-dwlok,|tifids ¥ etz
=m-4-s-1, € HAjiks BtesWIls dzO fHtedmi jHddzj dzedlsj ¢ dzOf
Csted ¢ d tcOdzj ZzO0 MisOlsy figstgfmaWjldn s dzO i PHs,Od3j Isted Is dzC
cOLftcjepggz (O, o©)[16,17].
o) fwd SftejHjdvdg dzO Kbz | F Qo &ghyigzCee Chpntsipotth
f OtcOd3] Isi 6O dzO @ L dggom Isfodd disidzQMiIsls© dzO OL ftej Hj dz
mMd oCdzg Yol MOBs § OwOR)Istedlsj - YOS .  dzf Btz OB

tcOL f toj H jsdzjj dzdBW H j : LO dzstedzdOdzj dz d o j2BERdBe L OF
O LO jSC¢Mytsdzgj ydodzj dz L O&dz dzO tcOL f tcj Hj dzj dzd §

G) (BGOLts Mj oL jdkO wjhjddj LO adHO dzgO L OF
dzlz dzj © Ols © :qqspJLo mdJ Aftcd j &30 0 . } t©Oo d dzdzts d
sBol tcdzv 0 ddzd A | Q) daslsnteod Istg davdod. Is j 9 MksOldmlsd<¢ O
fts5 tldsh jdd] &GO skhnoi dvdkss d d(StcO daj
LOso O My C€OLOO Adzj My BGlrnol tcdzvWo. s OLd ctojh
foddtsy j ddi dO MisQlsdhisdw ME&Akjdeds) dL MmdzjHe O
sStcHtseo ] dz0 EyugihHhbfis, sk s@BEBicmMS dIs | HdMJ lsOydd

1 | Kputepwit Ha WWannpo- | 11 22: W T!e&;ﬁﬂb; Ll‘ ekciec* | Jaonmua 2.
yunk' : k Kputepum 3a
2 Kputepuin Ha [apbu 12 | Kputepuit Ha NPpOBEpPKa Ha
D,:AFOCTL"I HO Xxunortesarta
= L L — |, | RpuTepuu Ha [lenena- | 3a HOpMaHo
9 f\p%"]TepL"Il‘1 HaBacnuek 1o XapTﬂL'}»ﬂHDCOH pacnpegene
X F RpUTEPVN j
4 | Kputepwit xv-kBagpat™ | 14 | yaAugepcou- HWe,
[apnvt Table 2.
_ = b - | Rputepun Criteria for
2 ;J?g%pe*:‘ Ha 'S | HaKonMoropoe- testing the
buyny CMUpHOB’ normal
6 R%&?ﬂgl i 16 | Kputepuit Halln- distribution
Wrneeny Mynxonkap hypothesis
7 Kputepuin Ha 17 | Kputepuit Ha 3abenexka :
Wnurenxantep Capkaau Kputepumte
8 Eﬁ’ﬁgg;ﬁg’g’ = 18 | Kputepuit Ha Jloka- ?)’ESBHe:é‘Ia
f(DaF\v!eDerbOH Mwnaec - '(;nype ) ' e ia 3
9 Kputepuin Ha Of 19 f{:é:)‘:y.‘izt%[_lﬁﬂ Ha Xeras- A

10 | Kputepun Ha MypoTn-
| Takeyuw
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* f(x)
2,00
1.67
1,33
1,00
0.67 Y 3
033 .

B ~— X
000 ———" Saso e

4,70 4,95 5,20 5,45 5,70 5,95 6,20

. N(5.448:0.217)
Ln N(1,694:0,040) 7 :

®ur.5. nnioctpayua 6nusoctn HopmansHoro (N) u
norapugpmuyeckn HopmansHoro (Ln N) pacnpegenexuit
Fig. 5. lllustration of the proximity of normal (N) and
loaarithmicallv normal (Ln N} distributions

0C s dzzdzj o Ols B dgid fisils jmlsR o1 wdzv, ko O dzj GL dzOYO
Ui fdisljLOkO | dzj ©Gf sl dscduzdd] ss@L d ud d § ©ls gu
ftodjdj COt wOBGIAO d ufl ddsdtzn@dddz] Ksy k0o {§ &
HSo jH] HB dL d&3j dgj ded j dzO ndftslsjLO dqdzd HBtd HT

H) 14 MO ©jiHCd Mokyodlkj StcOlts ftd dLBdikOd
oL j RO DA 8] Mists? desfylsd .

t Qo dzdh jlsts dz0 L dzOyddstsmils U dzj IsteweBoa O HO ]
ko flse dlsj dedzsfyls s OC ezOH €@ sHiedeLEd d sy j HO dzj
TdfslsHL O ftod deshts i slejlkMmisadj dz© Isjtstejlsdyd
COLftejH,)dguagl§des,[ L Ooadhjddlsj Mmss2dasimisd &O U,
drdmMCoOdedWIsO Ci &3 s dlsdzdlsy HOdzded d dBsyd HO s
i slse jlsMisadj. | Obta0®, wtBdSdtso jdats, twWOQodedn jlsts ¢
0,05 (5 %)[16,17].

1)1d 0o ddztiztizL )P Yedlsj edV d2ORG sdFHs@ (stetfste j H j dzv
9odHO d2O LOCtdO d2O0 tOLftejHjdzjded] dzO dL fdzj Ho Oc
Jtejn CAg®i Mistedndzj H detsIs ts:

Q) isctejh dps HO Mj ctolzy d tcOBBdzdzd Is | ftejHd dL f§ tsdzL o C
Ctodlilsj tcda,ls Ph tslstis2ls jdzjL G5 tclz f  ® Gedzd ;

B)lzif tcOo dizmelz®n jd L f sdiiteddls jteld® ftotse JjtcC O f tod dzOH dzj >
WEdzS ydqwiso dz0 tOL ftej HJ dzj dzd | dzO0 dzOB dz¥ H O9 OdzC
fOotO®) stedydzdilsy fj &3j 2Mmlse O, ZOfteddsj te6 €1 d&3 Mg «
Hiczed tOL wiej H j dzj dzd

o)1 idLojmisdedls] §O0LOdjlkted fMj syjdvsOl 5 Ot
O stt"B9 O HO Mj BYyjdveOls s OO IstedIlsy dzO @G
Hdzj HED Ols j dzdzgs, L O fso j6S0O dzO odHO dzO L OF sdzO

Wj st Cwkdls tddzs da00 ) fie®Sleaf yj MSd dzynd sy HO
%O { tBOdzse ME d :

R=IX* —kl/V2k,Ci njkii® flsj§jddlsj dzO@ MotsBHO.
¢ ¢ R=3.npoeepaeanata n JY SISj L O Mj lsrnol wwiRdBdzj dMisB 6 Ols dzts,
Slsnol tedzw .
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8.stedlsjtedd LO tfftejHjdvdy dO MlisOodz@ misdolg dgls @lsdl
sls dL fmdzi Ho Odzj

[detsets yYjMmlsts fHtod dL 4§ tsdzL 9 Odzj dzO0 teOL dzd ydzd I
tcOMisj dzdwWIs© o w©WOMIsjdedj ol HiMlsoatslsts, Hted Ytotso jy H O
tcOL dzd ydzd Mtstclstso j Ckdzlsj teded t6OMIsjdzdw ddzd L O duL
fp fdzjojdd d etjHdlsjdd, f§ttd dLMmdjHe Odj dO jJjW¥j
fsyotsL dzOded j sts M dOZOcO HO Mj Byddd MisOIlsdmlsct
tcjLEzdzsOd, Is. J. ©OL&ZJydwisO &O dLfMmdzj Heo Odzdlsj f Ot
ddzd dzj ? [ 16, 17] .

]l WwQdzdlsj Ibtkzutsej s syostL dOddj dwBdsets yj Ml
fOtOd3j sted diyHiz Hej ddd fsejuy dqLoaOHCd Mmi (o
Miss?2 dis)ipls (O stsoa © | dzj HsMIsOIsi ydes d IscwB9oa O HO My
Mists?2 dzs M ls dzty € offAsijtaiO s  ydesIsts  SIsC dzts dzd dzd J Isi 2 C Ot
cOLMj200dzj Iss dzO § OteORj stedlsi d MisOIsdMmisdyj Ms Ols ¢
fdzshsO 20 ftojtftsCtcdoOdzsj (BN OISO ff dzsh ) dzO Ho jIsj

10 Ottdkzd3j dzstcOdz Blsetsotste dyJjHECdAsLjo Otz L dadCQy d
dzj e OL dzd ydw &ZO tjLEzdzlsOIlsdIsj md dLfsdzL 8 Ols HoJ
dzj § Ot OBy Is to d ydad

[Is ctozf OO dzO § OtOd Is teyqjuiddsits | ) £ totef latfdtsdf feod @ 2O 21
dlss Hjdagls L O MeOo dzgv o Odzj z0 MlsOIsdMmisdyd MSAYO L d
dLoOHCd Mn=n=n=--=mn,) ddd OLdduyjd SBJ -

(mFm #Fng#+--%n,) 20 dqLoOHGCdIs] .
tejnCdlsjy ,Stsdbs Mj HfEMCOI f(tod f tcd dzOuy P bipls s dzO
J dLtOLWwWOOls:9 Mmdzj HdzBIsTS
) Stwdlbjtedwls J L O MtcOo dzvny B Gz) , deets & yGrgrdstizr] w0 o ) g
ZdLSd HE dstdOd) d (cOkMmtss) LOCtd O ©OLftejHJ

e

4 fx) h O f dztsh &0

B
B B O |

A J

X2

-

@O MmlsOlsdmisduj MS Olsky. 4 SpPemdtidstidgiam of a

.6
nyu .+ WBJdydf do maj 20 &0 Mdskzoydw
situation when an assessment of statistical significance is required

OodmMddisMislsO LO ftejHjdvdy dO dLydmdi zOlsO f
OHCd M JjHAZOS &9 BB O dqLoaOHSdIy d LO dL e
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vs0OLd G jMEj@ Oudedsts d Md dLitsdLeO MOBs L OsdMmdd
2O dLoOHSCOIdIy d fted kffdzcedj, yui BB s | ©LOL d
l)dzi ftcOoaddzdes My dLftsdzL o O WstedidzdzOO L O ftejHJ
MO MdzjHdedlsy : L O jHAZOL2W] ) fsCBpjBBJHRd OGH TaP o MW
dqLo9OHSdI]; LO ©OLd&dyjd n3¥nd2,d®Eim jdnHCHisplso j Isdzat
sBj B Is dOd j mdadds®dOIS O dL 9 OHC O;  solj Q) MEO sz} 0 €
JHAZOC &9 B j d3 da@n.gnz & On, Jidllsjjf (dedlsj dO MotsBtsHO fj
LOo dmd Rsfpigris1P, S Hjlsts m | BsWl dzO ctekzfdlsj, SCdl
sls Hoej] dqLOOHSd Mmn=n,=ng=—-=n, B @RYT Jddlsj] dO Mo s
sftejHjdwvls 5 Mi=n+nBOI@ Odydej dzd j sts ) j dLoi teh o C
McOo dzv 9 OIs etk dlsy Hoj] 5 HoJ.

1) dai oddzOcd Mmj Bydkso fsfwcOsl OO dO 1 sdljtt
dLoOHSCd. 1 5f00C0OE, O hpabErersiz 20 MicOo dzolo Odzd Is

-9 j oYW IsdifstndgjsOj Hddz i Is HO MBI t6¢ Od3d fted oL J d30dz
tcOL dzdydyj dB@BiyHE McOdldz17). Odedlsj dL o OHECJ

ltojHd ftoddzOcOdzgj dz20 bsLd Stdlsjtedw L O MtcOo dgv
BiYyHEZ MtejHdedlsj Mlss2desisd dzO@ dL Mdzj Ho Odzad O©C &G O i3
ZO twOLftejHjdzjded] dBBYJ HO dJqLitsdzre Ok Wdc. 4
ddaW stedzOydw , Is. j . 20 dzOkzyded tOBTSIS(, CiHjbts dd
EmMlsOdztse j dets, yd Byd dSdly dO ktsLd §OttOdRjlsi to6 Mmj
bCts BB s Y dERIDHS ddsjdzi B HO ftoddsydd
dL § sdzo O3y dzj § OteOd3j Is to d YepdisvdzdS. to d Isgidie ddzj cdEO fif JOda Y
Gtej h CO: dzj f cQo ddzdes Mmj GftejHJjdzv¥ t©Odzgei Is dzg® Ho
fOOd3j sl 6O o MsOdMisdyd MSdY Oddzd . o B dzds dfddz(O d3fp
Mists?2 detsls, Ists tOMgdN /M j2 ,Bilbpsis2(dzBsmisd " j i3OI
tc O dzG ; OdOdzsecdydets L O Isted d ftojuydi JHBBOCesd M
teJ HS9 ] dz0 MtcOo degw 9 Odzd sy dL o OHEC (.

¢
z
d

4

H

( / ) fuza Pewwe-
HWe 3a
bt BMaa
| s > Ha CTa-
PaanmuuATa ca \ PaanmuuATa ca TMCcTY
CTaTUCTMYECKH to,01;0,70 CTAaTUCTMMECKH eckara
HE 3HaYUMMK 3HaYMMM 3Ha4n-
MOCT
GE
@ur. 7. Cxema za onpegendHe Ha BHIa Ha 3HA9HMOCTTA; B3emMa
Fig. 7. Scheme for determining the type of significance; no
chur 7

7. sjWdydj dzs dz0 Gtisfipg dzOydv dzO )

stsj W cfucf; dzlsi s dz0 Ctstej d&zOydw dzO 1 d-Gintsdzdzy P@ded Is
fsCOLOjdzd LO yjdkto o0 Mddkzolkso oo oti L OO
JIT fei€d Isse 0 ujMmiEgs Mifj cueQd oo yd

1) CojWdydjdaelsi s dz@ Ctstej dzOydw 20 @ tebhqtsizfe 2 ¢
otel LSO BjYHEZ destcdzOdzdets twOL ftej Hjdzj ded o St zdzOydd
AmMd dzOls O dz0@ otci LC OO LOoadmd dzf MOBs Bl Mmists?2 dats
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d mMihs d tsls Btetsw dO fsolitejddwisO (n)iyjuwu OHAT(
Md ImMyes © Bttswls d&O f§oolttej dzdwisO, O¢ts dqd&O Isc
otcl LSO BIYHE HOLORB]Istedlsjif, O¢Cts CiWVWBRBRY]ODS,Is j
BJ L Mddmdzj dz, Isi 2 GCCxsts A,tc@5 nsGLi d o jiWdydjdals
OL dzd Yj dzO5ls  dzlz

1 02 dtetsC s gL fsdzL 9 Odzd v Is CsiWdydJ dzls L O ftcO.
CsjWdydy dzlsi Is dz0 1Cdu tag fipizpd WG l2Gs s H o |  tiztf thgglz? datizd o
Mol L @ded L OoadmMddzd jHAdO lIs HtkeO® d Mj BJjdixd ¢
Cs2lsts dqdz0 Mls®) dztsints (Addsts gRs=<O0 dzv 53O0 dzd dzj 2 dzO 9
ftotsdzd dzdzd & d Is § , Is. 4 2" B0 dzed S OC o O ¢ s j dz@ P
WedeS ydosdzOdzdzO dzddzj 2 dz0 ot LECO BIYHE Hoojls] i tc
HIOCEOBOO o IkjLd Mazyod h"j Bi H] OO dzdded™ .
OdMdiBsMisls®O BiYHE Hojlk] Htesdiddadsd. stcOkts R
LOoadMmMddisMmls BiYHE Hojlsi fttsdjddzdeod, Is. j. fted daC
sBtcOIlsdets, CtseObts LdzOCi s | ltedyOlsjdzjdz, dd&O B
X, dz20BOd8le O Y[ 1

sdlsgPdlsj, 8¢OLOdd dz0 ¥de¢.8 [16,17], Htd R
[ H&ZO yoOfmls s Ikwih M BISCOLo Ol Bls qLtdL o Odzj Ists
mMi hijMmsokzoa® oti LCO BiYHE dLMdzj He OdedIlsj o j dzd yd dzgd
E Mmihjmsokzo , dzdetie] B zOdzj R dedlsts jHddz St Wdydd dzls
Edzsod LOeadMmMdBsMmislsO, OC(t CttdoOlO B0 WsttdkdOlsO |
ZoRtsBtey ftejHd HO dLydmdzweOddy R HO dzOdzj Mj &3 Mists
HO ByjtelsOjdd cwcOW SO0 sf @&Esd sBHOIGGsMis Ul dd Is,
BjLMABdMdzj des HO BHtjHjEZVYB] R, O IktewBo O HO f Blsi
0dzOdzd L .

[ e O ctokf O dqLMmMdzjHBseOljdd dg M M sBteOL WO Ol
d dzZOBdteOl Ctj¥duydjdso do 1 dtih d fLPEEESE L O
BiyHEZ m d v, Csjlsts jJ §i dzdzgO B j L ipcdsd dzd y O, Isi 2
L Oo d fid B3sfls .

RLO®JMlsdes |, -dzufpd B 10 fsOBBISO, CBEOIts | 598 HC
®Bsyd HO M fwijumisOed L OsadmdBshmislsO §dgisyyudss He j
9 Otef@ydzd y H Iz Isw 3. utse 0o O CGotstcd d3H j Is Q toc d3qf EzOW df ¥
stsiWvdydjdzlsi s d© HjljteRddzOoydy fMmj dOttdyo thj
fsCOLo O COCIi o ftesyjdgs s ftsdj ddlsj o jHABOSO
Hiczc OO ftdgisdgdad, dsi s  dz0 d SSstsjj MaPyd{ivdzls i Is
dzj sf toj H j flgj desytEi dzo Ols HEts jHJded yO.

vOLd oltstc® ctkzf © dqLMdzjHtse Olsj dzd HtetsHI dzy O9 Ols
dzj s tej HY dzj desfls, CB2AIts dzgj dods desfd dzed S OC o9 O dda¥ ts

Il L OCdzs yg ded g, HOHJdedIsj ftddzited dO ctejh CO o0
4 ssydsiisd, des i EPMse Pzd 502 d | &Of©Os jdz ISt
ftojistel Cd $OC HO Mj dLBjCEdOIs.

-
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1 06 dz8s uj ded §

stsd MO Mmdtseodzdlsy ftedydded LO fsweoweOdzgy d XNdo

D olststedlsj dzO@ fkzeBdzdScOyddlsy d vydzj detse jlsj dz0 to
fsHetslIssaC O s bitstedw dO ojtsWisdsmisd d d&BOIsj diBC
fsLotsdzvy9 O HO ML dkOvls Gted N dzd Is § dLeH(, Ctsqd
fisOlsdmisdud M¢ dldgd Isdgjtdtzfn.  d

-1.0 -0.8 -04 (0] +0.4 +0.8

1

+1',0

—
1

i
2

®@ur. 8. BzauMoEpB3Ka MeXIV IPOMEHIHEHTE X H Y
Fig. 8. Interrela-tionship between variables X and Y.

D j MO twjHGCd MdzEyodlk] SCcOlt VyYj &OO zdzgQ didb dsdzdf
sB dzZOtctsH 8 O, dzi cOdzdL dtc® dzOH J Y Hj dz, Hsfistse j toj dz
MOBdwl % OClk Bi L ® fkBddCOoydw, Htted @ daj dzOH "
AdzOz ydzts s s ©0 dzO dfa jn dzjdrlsoCdsdgjldsjts . s Is

D ctcOded yj detsfyls dz@ Htslsi f OO a0 I¢ w[tecds'S OH 131 15 Bds dzdfiz
Ml Hi ey Ohd cGtejhdzed dLoeaBHd. uvtse O |j Mol tcL Odes ) @
sOCO Mmi s HBMII O HES HdMjtlsOydd.

Dx dIsOlsj dzdIsj dg¥" 3OIs HtsMlsi f HB dLatsHdzdlsj H Oda
polsstedlsy L dOwWIs, uj ofj Wy a@l @l jddyls Uast@slnts s1®] da
dLoetH(d, dzv 30 9 L di3tsy detsfyls dzj L OB Qo dats ( ddzd Mdzj H
HOdzgdzgd d MOBsMisswWisj dzdzes HO fHtetso jtod IsjLd dL otsH
OQdec dzd 2 ¢ d MydmOdzdw 5 &BjHJYJdO, Bdsdzsedy d
s YHOd] dO tejLEzdzlsOldlsy M dqLdmMSeOls, o jdzj CIst
sfidzse O dz0 Ctdlkts MO dLE©LOH,jdd ftjHmMlsOs jddlsj d
RO YdzO O B &OMl, Ctjlt fsLotsdYo O oMmjCd tojy.
Csdzjedy MOB HOBHGS khgmisgs® d tj Oddshsls0 do d&of
tjHCd Mdzyodlj, CtcOlt ] dJiimdzyOs Ol COyjMlss j d

DA v Ctsd twjHOSydodeded SCStdzjedd dO MmMfdmoOdedw
Myfdudodzdmisd 5 BOlj BOdYiMEO MbsOldmisdc o d L
ftosBdzj BOISdC OO © dzOEYdzOlsO ©OBISO oo j teWwo O Ml
MsOoldmisdud MEdw d3j stsH ddzd SCtedlsjtedd.

D} degsets toj HOS ydesdzded SCtsdzjcd dgv 3Ol 3 j dzOded i dzO
HO M HIdMCEISdOls d Caalig sidsdildciO.Is] figvtet O xfloy diaydd fragdsdgd] !
HO BI HJ sBj Sl dO o9i LHj2Mmlsoady, dzts § StcOHd fdzt
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dLBtesjddlsjy ftedudded d bWhdOlsO, ftojHddides fMtsydoO
sMOo O HO Mj dOHWOOK] 0O HEeBtLsm o j MsdsMissO dz
dMlststed ik S O sMisOo Ol feddSkoOdd kjLd ctjhtec
Ci gk jWjClkdodssmls dzO fteso jHjdedlsj dLMmdzjHo Oded™ d

lLidLejydd dd MO cwjhCdlkj Gtd dL§sdl o Odj
dZokzydzdIlsji dL Mmdzj He Odadw ?

sOCIkt | dLojiidypkts dysLatej Sdsdlsts ddh s dzj §teC
ofMweCi Hj, Bdds ks o &OZCOLKO, IkjrnddSok0 d&df §t
tcOLEzd@gdzd sy i Isdh O L O dZ2ZORBOd&zY 9 Odzj dzO BEsW dzO f SH
@O MlsOkdmisduiMSdwy OdOddL &0 wOdzdjlsj LS
fesWjfMdsdOdkdmnls o HOHj &ZOO B &OMs, k. j. M f) fl

10 ffdjHdO0 mMseOddy® &0 Sdkdcok0 Ao gtuEs
gdhj: AyOhts kOCO yjMmbts jLdSil d® flOlsdflk
oz Otedzs?. . . AW OO OB GKOL] EOEE) BS OKQ fils s Of
j MkOdzOdkz ttsHjd jLdS dO jSMfjtddj dsOlststed. [ Mt
stczHdets  dgj ssydes, COCILts ofj¢d tls dOM dL §fsdL o C
tOLBd®O Mmj MdJ HOdUuj Bl &dMml disdsy juiH Os fiflkaidzj
Myfdydoddmls ft &BOkj BOdyi MO MsOdhisdco.j 1 B
dzj sBrsHAI M L HOa®RBMIsj ffijdhgs(jLdd teec OdzdL Oydw dzO
qLMdzj Ho Oded™ . [ SCMfjteddsj delsOste, Cw2bkts j Mfjydod
sjstdvlsOC Mk todjdj dzls O, ke"Bo O HO d&O o L &sY d
oL OJddiEH 2Mise O -fifls @ ldsiAfEdifs.O dasdsj dzdzts SOCI o By HE H
BIi Hjhj hj fsLetdd dO uydksOkjddksj dO 0sokdd d
kjSCMlsO, dats d OHjCoOlbdes HIDO AfsfisRzL eSO d Iso sty

X

RLBtotsj dzd Is j Gted " Sd d dajstsydesmisd o dzd ¢ ©OC1i o
9l Ld3tsy dzed dzj HisMIsOIl yd o HtoddzOcOdzj sts d@® fisks®lgfd fr
@Ouddz o) fesmdlsj LO dLyudfdveOdyj dzO® dzj 5BRGHJHB]!
sftcjHjdzj dagfj dzdPC,dz¥ o] ftesmdlsjy dz0  zOdzdteOdzj Ists dzO
LB jCdzOls o) 5BLOYOjd&d (solktswjddY, o fesfdlsj
MtejHdzdlsj Mlss2detsmisd  oOdkdHdsMislsO &O dL i sdL o0
Hiekd®wCO tls kjLd kjdid L dhise vlsiofjugigsd { s8ocap
Oolststedlsj dzO@ MmkOlsddlsj d tjyjde jdzsdlsj e wdzOls
COyjmsoskts dO §kzeddSOoyddlsjy o &jifmlsddlsi nfdn
qdzs j e toj sOyddlsj dz0 ) L-BfAsOEEBddh j Bl HO &

LOGC dzs yjdzdd, H Otz e tsodgOlz ydzd dL fdzj Ho Odad W
yddzOls O, Bdtsdzsedwis O, LJddgd HY dzd § Ists, Isd = dzd & (
JHOOdgd W, tsMtsBj dets BEZOHdI] Eyjded, j dzj 5B R SH

s HtsBt] HO Md dqLwmdgwils i hdegsmlsls©® dzO duL f
ktso © H'Os fQddglsififf L H 0o Odzj &zO@ B0k j BOIsd

Ml Oo " dzj (ONOFHAYQ ] j ) d

i hdzesMislsO d ol L sy desMmisd s zO d30Isj BZOIs d

Zdzls Olsd Is j d oL J BOdz] -HEEOWG jtoj i @ dednid  JL O 5L o

YyqodzdL JteOdzOIs 0 dzdlsj tcOlskzed (® fJls®ldzf hls @dzj M

d&zd ¢ Oydd, CiHijk MO dJqLiBdlLoOdd IsjLd d&jlst
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dmsdujMCd ojlssud d ) tjyjdL Lol
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M tej Mdo desils O § syse Ols O-6ytejsiH difizd s H idgizypafI§ ikt to(dAs
2O yYkefmlsoadlsjdzj dz ctsflstsftcedj dgded S MO kfmlsOdetse j ded
1l sfisde dzOIsO yjdz dz® dOflstswh slsts dLmdzj Ho Odzjo j HO
fsyos OO fts5 wlsdesh jdadJ dzO0O 1t dL tsRhzderda?sdimi AGE)e | dzts o
Ytej L ddidlsdteOdzj dz0 dBtsdetsC z dzls z @icuts laestigandL) dzts 8 jsdz@ 44

odMmMsSCsCOyj Mo jdzd MJj By d2O0 sIs §h jddyo (Ml [ CL s
04 GJOytfisHatize j , o Mj Clf ¢ doz oftE) AlptOIH dz©  ( §-g dgdf & fiAfls &)
fsyoa ©. 1 tsdkzkyj dzdlsjy t©OMiIsj dzedw B W R G4 tsfstsfgaizy w ©@alzfls jfd
Mi CtcOlsjdzd SCSkEdzZsde Oydodzded yde<¢i dzO, ofmMiCd 1M ftots
slsydlsOdzi dz20 dzd o slsts dzQ o BlistDtc isfipd codEsififls] da@ teff®© dzls B
Bdtsdzsedujd Isjmls, ftod Cw2bkt jSMmyijteddsj dals O dzdz
ftcOQo tsi G dzdad , f zOMmMsBOMsed Mmi Hsej (26 - 6 - 8
fsHO0 Odzj 20 ftsdzdo dzOO otSHO lCi & s dztpCAEI twlisO
dLMmMdzj Ho OdZOISO Ytsyeas © d HeobktjHBe §ofMmjo ls §hjd
tcOMlisj ded v, 2 n 3 cm slsfMilssw dzd J B HE tcOMmls
tcOLftosMistcOdzj dzd j ss dz0 Btsdzj MislsO s WsCOdzjdz (s
f Ols 56 j2dp0 d dzts § bz dzlz Bdad d My ls @ dZOL delsz 6 ©, t©OL o dlsO o ten
min dO 121 Ad) jujdidsS, ddStstifstedteOdd o ftsyscC
fsded € 0 Odzj dzO 1 tg @ ftpldnjtcdefiifds®@.j dets fdzj H H ted € dz8 yo Odzj d
Meftej do datsfyls, udmdzj detsmisls ©  dzO 1§ fipdztisaedzdd dzdd el
tcdL MW j edzOIsO fsys O tls ofMiSd o0ttdOdzls Bjh | ft,
COLWjNHORIY d CkdksdesdttOdj o tof k. [CEHOjtardzE] taCAEdls jot
sls tPsewdomonas BWY n O dLBdzdteOdzd s tdL s j edzOISO f sy
¢ dzls Odntisdgdy dzOIs © OSCIsd o dztsfls Psk@ontprms shpl) sl L spPBE P o Otc
BJ N J dL f dIseo O&OsoladnifAGwAdits vitro f &5 d3j sSsHO dz0@ Hoe ts2 dzd Is
RBISJEOdZOKO g StdstesddteOdd Effdssdw ®&sdsS Lk
L dzOydls jREOAS) (SctcOded YOo Ofdigsz®Odag @ad j sts dz® t gL t
Cstej dgsots Gdzdjdzai BIs qLissyddco dO ddWiSydw. 1 td
(P<0.05) BWRO EMIsOdztse jded d By HEZ lsHJ dddlsy o 0tdOc
&ZO fhjiddyo: M kej dzdyOe Odz dO Btsj"H Jddd H Xz dalgidle d
L d&z2Oydlsj dzdzets dzOd3Odzv 9 ON j tc OL f te ts i) e O] odgdlgj dstds figlzO 1 9
31. 0%, 40.5% d 54.8% MmMftew ks CtdsttsdzOlkO. b |
i hjMmlse jdes dL d3d dzj dzd 4§ 9 fsf zdzOyd tsdzdzOls ©  dzi Is d
BJCtestce Odzd L B3 Is® tdapL mrWdjlsad@ Is§ tcOMmlisj dzd v, o Is.
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OCIdodesls MW s fsyoststsBdlsOo O d Wdktsf Olstse j dzd .
Ot OMgy B Mzftej Mdoe j dz2 Slsetso ste dzO ff tsyotots O tefff d3jOIs d
fndzj H ftosHI d dlsj dzdzO) tsditiedgy Caxfdelgztc®j L 2 dzls Ols o
Mo jlsdzd zOIs©® 20 BSC-eBEOWIEOHEGO j A ttdOBJS O o te d
tcOMisj dzd W Is ©. ltetsete Mdo dzts  figOdcpdpds © O T Bilf @ dz it © & js
Mtei H G toj HMIsOPselsdprdedas s | t©OL Gdzj HOdes CObts f tod 3,
B SCtesB dOdzdzO |, s fizy fpdw & e OdzZO YtejL o jtosWisjdz nisted
Gjded © tw©WOBRBSHIsy ZO JjHddze ddzd ftsoj ud f sfdzj HiS®
CHhdiz e Ols O.

sdzt yseod :@EWGIsj nddyi M¢d ®&BjlbsH L O Bt O, B ¢
Cstej desots cdedjdzj, fhJjdzdyoO, OdzlsOctsdzd mlsdydz©O OCIsd

DISEASE SUPPRESSIVE EFFECT IN SOIL AGAINST RHIZOCTONIA ROOT ROT
INDUCED BY MIMICKING WHEAT MONOCULTURE

Ivo Yanashkov?, Tzenko Vatchev*, Galina Petkova?

!nstitute of Soil Science, Agro-Technol ogy and Pl ant Protecti on
Protection Department, 2230 Kostinbrod, 35 Panayot Volov St., Agricultural Academy,
Sofia
?|nstitute of Soil Science, Agro-Technol ogy and Pl ant Protecti o
Department of Physics, Erosion, Soil Biota, 1331 Sofia, 7 Shosse Bankya St.

“e-mail: vatchevtzenko@yahoo.com

Abstract

Disease decline and induction of soil suppressiveness by continuous (5-6 years)
monoculture with susceptible plant-host have been reported for various crop-pathogen
systems. The present study achieves the goal of inducing suppressive effect in soil
towards Rhizoctonia root rot (Rhizoctonia solani AG 4) through monoculture of winter
wheat (Triticum aestivum L.). Twenty four high-quality wheat (c. Exotic) seeds were
planted in plastic containers, each containing 1.1 L Alluvial-Meadow (sandy-clay) soill
(Eutric Fluvisols, according to FAO classification). According to the treatment applied, the
resulting plants were grown for 0-4 successive short cropping cycles, each lasting three
months. Disease suppressiveness was measured in a bioassay in which the experimental
units were rectangular, plastic containers (26 x 6 x 8 cm), with drainage holes in the
bottom and detachable trays allowing for manual irrigation from the bottom of the
container, 7 cm height of the column of tested soil in each container and a two-row crop of
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wheat (c. Exotic, 2 rows x 12 plants, 2 x 3 cm plant spacing). The spread of the disease
was measured from a focus (point) source of inoculum of the pathogen i 20 inoculum
grains from a pure culture developed on autoc
into the soil at the beginning of both rows after emergence of the plants. Immediately after
termination of the soil suppressiveness test, the abundance of the major groups of soll
microorganisms were determined in rhizosphere soil in each treatment by using the
method of decimal dilutions and subsequent culturing on agar media. Separately, bacteria
of the genus Pseudomonas were isolated from the rhizosphere soil on King's medium. The
antagonistic activity of 10 Pseudomonas spp. isolates from each treatment was tested
against R. solani AG 4 in vitro by the double culture method. The monoculture of wheat
imitated under controlled conditions resulted in a significant (P<0.05) reduction of the
spread of Rhizoctonia root rot from the source of infection. Furthermore, statistically
significant differences (P<0.05) were also found between the individual treatments with
pre-cultivation of wheat: with the increase in the number of cultivation cycles from one to
four, there was a significant reduction in disease spread i by 19.5%, 31.0%, 40.5% and
54.8%, respectively, as compared to the untreated control. Simultaneously, no substantial
alterations were observed in the population densities of the monitored groups of
microorganisms in the rhizosphere of the experimental plants, including ammonifying and
spore-forming bacteria, microscopic fungi, Actinomycetes and bacteria, utilizing mineral N.
With the increase in soil suppressiveness from the first to the fifth growing cycle of the
crop, a significant increase in the average antagonistic activity of the isolated
Pseudomonas spp. against R. solani AG 4 was observed. The thesis is argued that
shattering rachis of t he ripe ear I n wi | d
monoculture in which bread wheat and its predecessors grew and evolve during the
prehistoric era. We speculate that this condition, along with the lack of genes for
resistance to necrotrophic pathogens, have given rise to evolutionary stable defence
mechanism and the latter based on mutualistic relationships between the host-plant and
bacteria that naturally inhabit rhizosphere and exhibiting high antagonistic (antibiotic)
activity against soil-borne plant pathogens. A manifestation of this mechanism is the
increasing suppressive response of the soil and the disease decline during or after
continuous wheat monoculture. The results obtained in this study are discussed in the light
of the microbial eco-evolutionary dynamics in the plant rhizosphere. The progressively
increasing pathogen-antagonistic activity of Pseudomonas spp. isolates is discussed as an
example of "rapid microbial evolution”, accomplished by possible horizontal gene transfer
within one or more successive cultivation cycles of the wheat crop.

Key words: cultural control, monoculture, Rhizoctonia root rot, wheat, antagonistic
activity, rapid microbial evolution.
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VERSATILE IMPLEMENTATION OF ICP-OES IN THE DETERMINATION OF TRACE
ELEMENTS IN A BROAD VARIETY OF MATRICES

Nikolaya Velitchkova®, Olga Veleva', Metody Karadjov', Elka Pentcheva®,
Nonka Daskalova?®

! Geological Institute, Bulgarian Academy of Sciences, Sofia
2 |nstitute of General and Inorganic Chemistry, Sofia

e-mail: niaveli@geology.bas.bg

Abstract

Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) is a multi-
element, trace-analysis technique used to measure the concentration of various elements
in a variety of sample matrices at very low concentration levels - ppm and ppb. The control
and optimization of the operating conditions in the ICP enables the selection of analytical
lines characterized by the lowest detection limits, both in pure solvent and in the presence
of a multicomponent matrix containing Al, Ca, Fe, Mg and Ti, as major components for
environmental and geological samples. Systematical investigations have been carried out
to study the excitation conditions in ICP, with the aim of controlling them. The excitation
conditions were investigated by varying the input power and central argon flow.
Quantitative data were obtained for the spectral interferences around a number of
analytical lines of the investigated elements in the presence of a single-element and multi-
element matrix. The obtained data ensures the selection of the best analytical lines free
from line and wing background interference for the investigated elements in the presence
of the multi-element matrix. The selected lines are free from interfering lines from the
matrix components. Analytical methods developed at the Institute of Geology of the
Bulgarian Academy of Sciences for the determination of a large number of macro and
micro elements in diverse environmental samples with different and changing composition
of the main components are presented.

Key words: ICP-OES, trace elements, spectral interferences, plasma excitation
conditions.
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THE POTENTIAL FOR USING WASTEWATER SLUDGE FOR CO, SEQUESTRATION
Asya Manoylova !, Ekaterina Serafimova’, Vilma Petkova?, Jechco lordanov®

'University of Chemical Technology and Metallurgy,
bul. "Kliment Ohridski" 8, Sofia, Bulgaria
%Institute of Mineralogy and Crystallography, Bulgarian Academy of Sciences, Acad. G.
Bonchev Str., bldg.107, 1113 Sofia, Bulgaria
National association nAnGreen Sarnitsan,

e-mail: ekaterina_sr@uctm.edu

Abstract

This paper investigates the potential for CO, capture in the form of biochar from
sewage sludge. Opportunities to improve industrial soils with biochar can improve
ecosystem carbon stock and atmospheric CO, sequestration capacity to offset CO,
emissions and soil organic carbon losses. The results show that the carbon content of
biochar is 26.1%. and will be classified as Class 3 according to the International Biochar
Initiative. H/C and O/C atomic ratios can be useful for restoring degraded poor industrial
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soils through enhanced carbon sequestration. In this way, sludge conversion showed a
great advantage in the carbon balance compared to traditional treatments. According to
the data obtained, this can be considered as an opportunity to reduce greenhouse gas
emissions and promote sustainable waste management practices.

Key words: biocarbon, biochar, sewage sludge.
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HO BI HOI jWjSCldodsts IstcjlsdtcOdzgd (Otero 2007) .

CedbydgRts My bkmMlsOdzsoaw o Ols J S Jjtod d3d dzls Odzdzts, MO
(N), MmCEldtsIe)sH (O), M) Hl ey Odedj dO §ifjdz (A),
(VM) , COSCIkts d COdstdydtsimls (etedzO M Jjydw dydzO Is
Fernandez-An e z , 2014, Magdzi ar z, 2013) . o yd oz
stedj dzsdtetsoi ydzdlsjy filstfx&ONQOG | 2@, sHO §toj HMIsOo j dzd
1. vd MO oLjlsd s tOL dzd ydzd uqu fdaj HrRoEYdE{ded WdzQ O I
Fernandez-An e z , 2014, Al var ez, 2015) d 1sd&zh,0 (M
f e dzd € 2o Odzd ) dzO Iz y dzqd mMsOIsdd § O I10=izO dz € ¢f © ® dz(fipC
dL Mmdzj Ho Odzd Isj HOdzded tsls dZOMIstsWwh OISO EZSO2C0O0 Bl 1w

C

s OB dzd YyOul Mlse d MoatsIMlso ©® dzO kEIO2¢d tsls 1 4

(dzj ogj dalsjdg @ 3 d®ILO®E L e

i sO9 ,
c H N S O AmMﬁ] M (MJ/kg) dz©@ EIs0O?2

RLIstsycC

255 45 4.9 2.1 258 372 56 542 111 bu g (Alvarez,
2015)
323 49 53 0.6 249 320 19.1 647 131 —
331 48 48 0.6 204 362 42 635 128 du, [ ¢ az%lzll';’“z’
28.9 4.4 41 1.1 202 360 53 646 122
227 33 31 16 155 538 39 428 95 bu, | (Otero
7 33 31 1.6 15. 8 3. . . , 2007)
37.4 49 30 0.6 218 322 61 623 . 5 4 (Fernandez-
285 3.6 3.0 0.8 16.1 481 2.7 525 i Anez, 2014)
i i (Magdziarz,
30.1 46 43 1.2 213 380 53 12.2 5014)
Yl l
26.2 43 42 15 234 218 79 13.97 U i e o

b o 0dzOj tetsB dzts ) ls G=BBdj dedoL HiE da ) fzg(c3d ydets Mz h j «

stsi3f sdzj dzlsd Is j , Csdlsts BftejHjdwvis EO2CdI] COIst
9 LjdBjHJjddjlsts, MO BeOdzd ydzdlsj mi jnu o dafp ditflf v ( s B
i MisOo) COCIts d MtcOoadadlsj dzdes o dMtsSBIsts i HI oY
tcOMmisj dzdvIsO COlts OLBls, WemWtste d SOdd2 (Werl e,
[ M OdOdZOIO yOMmls s ksO2¢dlsj HtjHMlsOosdweO dzj St
5 IS0, ( 5¢ 80, ¢ d H JALOPARIO; CaO,MgOd Hilzed ddStetsj dzj d3j o

vlsOB d dzdetsfls dzg@ i tsdzzyj dz Bdsoi ¢ dzj dz
li L thdtse O &0 HOddzdls] Bls Jdzj d3gd dzlsdedw d Isj tod3
i slsdesh jdzgdw H/ C d O/ C L O Bdtel ddzjdz CObts MMy
(Venkatesh,2022),
H-"(.'
Of-=0.188 xVM/_ .+ 0.035 )

Ci HjREY fetsyj delsdetslsts i HI oy Oded j ™ % difStdisfug Qs dats Is
fMi Hi ey Odedj d2O dzjlsdzde d oM j Mlse O.

=0.397 xVMy_ . +0.251 (1)
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1 sz HdzgdW s jlsOf tsls RnOwOCIjtedL dqtcOdzj Ists  fdzj H
BdBol cgdzj dz § dL yd fdzvise Gdzjsls ® | dz@z] Qetisdad Y Sfisj Iss B d B (
ftedazsy d jSMYyjteddj dols Oczdatslsts  ff to | siastelrl HpoO dfjL. f sudte B e
dLydfmdzv 9 Odzj dzO tsBhdw HBBdO d2O Bdtseoi ddzjdz (LOo
9l ddzj csH (LvtcOodgjdedj 4) , sBh s dazga Qdpjtald o iz ciat
(Venkatesh,2022):

Termo Ha OpoHsEe e HIA OHOBBIJEH

JoOHE Ha OHMOBBIVIEH =
TErJ10 Ha MEPEOHAYAIHATA CYPOEMHA 33 NHPoIHNIa (3)

06w noTeHHAaneH EBMIepog = 06 nporzeeged 6MoBBrAeH X % PurcHpan enraepog (4)

[MoreaxaT eeraepog — 00 noTeHUHaAeH BEeIepo X BeraepogHa crabunuoct 809% (5)

ddzj tOdzdetsIsts i HI toy Odzd j 2O MEktetseoddzOISO HB ¢
Euyjddw BdBOi Gdzj dz, CiHjbts M Ctdy) kstedtcO
stcsH ( H) d SdfmzstesH ( OQl . 5 veOmjdogjy O dz@  tdf Bictg
j i3 dzlsdzgdw Mi MilsOe dzO® MmMikztetse d dzOIs O. gl HI to) Odzd j Is
HEZ ZOtctsH dzOIsO ddzdydOlsde O L O BdBol cdzj dz alstsdidz
dimdzj dzgdwvIs© MmMdzjH fdesdzdL O EIsO2C0IO d&syj HO
OdeelzO | otci LECO BIYHE fdzzyxdotslsO dzO tOL f OH

9 GetsHdd, Csjlsts fslsol ey HO O MisOB d dzdes s s O

Mss?2 d ftosyjdals ol cdzj etsH, Cts2istsegzj (Bf)ls®Ezj 1 @
ddzd d M tlsdsjsls d30 % so@ ygdzd dedets 90. 9 %. wdzj HBO
tcOLtcOBtSIsjdz 9 Istso O fteskzyoOdzi, dBsyd HO M dJqL i sd
Hstf | dzded Is ] dzdzOIs O f sdzL O tsls HI dzesMmesydeslsts Mmi 7 tc Odz
HsBdoe dO BdBol gdzj dz Mdzj H fjdtdsieldOIsO LjO o222 d8 . Isujt
2O fdtesdzdL OO d Ijttdiduyudtslsts ©OL dzOG Odzj ZzO0 Bt
fcsCOLoOls, ud ®teBhdwlils fBIsj dyd Qdijdds og c@Zj keds H ) i» tc tB:
fslsjdzydOdz s L O dzO050da o DO.ahg. K& d&® | ¢ dzj dz, dzflERO fls
WBtedzO O o1 gdzjtetsH d By jJ HO BIi H] MlsOBddzj dz L O
Ol 3ts MW j tepjodz fGOyo OIsO. |1 ftetslsdoe jdz Mz y©22 t©0OMlsj dzd
Bl toLts HEts 9l gdzjtesHjdz HdBECMdH, C2kts | dL§fEMdzOls
HSCOL Odetsp i wdzj geidis j] MlsOBddzj dg, M EMkts2yde dzO to
HO M dLitdkzLeO® COIsts MtejHMlsots L O HI dze sfte s ydzts
COlts sfydw L O fmdd $ Yoo Odzj dzO dL d3j dzj dzd j Ists dzO € dz

AN C O O«
FERI- QA

1 OC dzs yJ ded

i OLedieOdzj st d &BOSCHMdBIL JteOdzj lstzj dz@O § ls § dzj| th O
ElsO2C¢dlsj tlk lsfOHl ydd otsHd J o903dts LO MYt
ZOBOZY 9 Odzy 2O LOB mMWweo Odzjss 20 S dzdOIsO Mt H
Emsts2ydots EftOodj dedj O lsfOHI ydlsj. (L kzdlksOls
ol Gdzj esHsobGdgjddz § 26, 1%. d Nhj BIi HOL Cd&OMdWd:
[ i HEdRZOtSHdZOISO dddydOIsdea©® L O Bdtsei gdzj dz. ¢ Istsd3d
HO Bl HOI ftdzjLded LO 9i LMsOdatsow o Odzgj d2O HjGOF
L LOMddzj des BEdzOo W dzj dzOd dp | fotelz] teestaiO L Z1otd ddg tsiusd  dat
oL O G tsdzv d3ts ftcj Hd &3MiIso s ol o 91 Gdzj totsH dzd W B
sdtcOdzdw. #i ¢ dzOMmdes § sdzzyj dedlsj HOdzded sy j HC
ORBOdzw 9 Odzy dz2O0 JBIdMIddlsy dO §OddStsaod GOL ts5¢
sts2 ydets kEftwOodzj dedj d2O BIsf OHI ydisy .
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ApcCondssiotd d&zO & j 6 OW d i3S o O
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tdLes dd

1 Offsswh slsts dLMdzjHoOdzj § Bfdls LO Byjdo d&o
Mo s2fMlso® dzO fyo Ol®" st AT 16 S@did iy o ORd,Ists )
Co, Cr, Cu, Ni, Pb, ZndSh) d&z0 fj dzhC sy OdzMS O fsys O, LOL § d
©jflze dd S OdmBlgytdjitls L ydmd o Odsj dz® dqdenj S dzO 4t
tdMS d OkOddL dRarfomstj ZOydd oo

lLildem® & ol ton dztsfls dzdo of2tn) ez dztf O f fgts W hdaf v S|
36mand 61 mtsls ti BO dzO 1§ IsidslssWodgOdedlissj ftetssd MO
sBh OO Ctdyd dzelstcOyYydw &0 Hjojllsy Isixs¢d ddjls0dzO,
fsys OO (te1, M HI oy Oletbyd uge® ¢ Ok Bisfgo bH JdzfsMis)

[Bhdlj C¢dyj delsteOydd dzO IsjySdlsjy djlsoOdzd MmO
fslsj dzyd Odzdedwy JjStsdzsedyd dz tedm¢. J1i L tdse O d&oO
L dz2Oydlsj dzj dz fslsj dzydOdzdedy JStsdzsedud dz edm¢ dzO d
Cchzies Y tstcOHd L ORISImw o Odzgj Ists

10000 jdz j OdOdzdL d ByjdCoO dO Sttej zOoyddls
jCodsedujd tdMS d ¥dLdSsoiddduddls] Mows2Mlses O d&zO

sdz ysod HzZidgk d BjlsOdzd, LOdB whve Odj d&O i
jCsdsedui d ©dMS, o mEd®OF dald YdsdiofPls O, C©j ZOydd

ASSESSMENT OF THE POTENTIAL ECOLOGICAL RISK OF HEAVY METAL
CONTAMINATED ROADSIDE AGRICULTURAL SOIL

Dafinka Pangarova, Eketerina Serafimova

University of Chemical Technology and Metallurgy, bul. "Kliment Ohridski" 8, Sofia,
Bulgaria

e-mail: d.pangarova@api.bg, ekaterina_sr@uctm.edu

Abstract

The present study is an attempt to assess the impact of soil physic-chemical
properties on ecological risk from heavy metals (Cd, Co, Cr, Cu, Ni, Pb, Zn and Sb)
pollution of agricultural soil, located alongside the national road I11-81, by potential
ecological index calculation and analysis of Pearson correlations.

In total, 9 surface soil samples(0 620 c¢cm depth) were coll ecte
m and 61 m from the road edge. For soil samples total concentrations of the nine heavy
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metals as well as soil physic-chemical properties (pH, humus content and electrical
conductivity) were determined.

The total concentrations of heavy metals of soil samples were used for assessment
of their potential ecological risk. Based on the results considerable potential ecological risk
of tested agricultural soil was observed, mainly due to the contamination by Shb.

The correlations between potential ecological risk and soil physic-chemical properties
were analyzed and evaluated.

Key words: heavy metals, agricultural soil contamination, potential ecological risk
index, soil physic-chemical properties, and correlations.

Il e Hjdzdj

vdSdlsy dBBjlsoOdzd ¢COIsts Cd, Cr, Cu, Ni , Pb, Sb
CtcO2f i sdeslsts ftosMmistcOdemlsoes ( Amerei h ,2005; H?223]|
i sdzd HtcjotsLdzd MmMtcjHMlse O. { dztse dzd Is j dL Issydzd y
dL Ctsf Oj d3d o G HddpcOIs | dzd Is j M ol stejhdets @Etc] dzj,
ZOC dZOHCdIsy d&O MfdqweoOysdlsd, gL dztsme Odzj Ists dz0 Ofp!
OCERBEZOIsstcd d d&BJ IsOdzded yoOfmlsd d H. ( S°rme, 20
AdLdStsrddd yded s g nOtcOCIsjtedmisd < d dzO f sye OO,
OCkZdgOyYydwIsO, foHody dsMmislsO d BJdOdd ydsilslsO dO
1 [tecOded ydzO Ctsd3tf tsdzj dzgs© ( Mi HI ey Odadj dO " kzdskzm) o
T ¢CIsdo dzO ¢ dMmJ dachidzd2@Of)ls ( o1 (

T § 4 n0ded ud dxThgdem20@y
1 [ dzj € stetst tots gMamsduds ROROS.

Kj dzZlsO dz0 WwBMmigeaifdg Ho Odzj J HO M dzOftcOoad 51
YWdLrdSsrddBduydedlsjy Mots2Mmlsoa® dzO fsYya OO oi tenlz j ¢t
Isi ¢ d dfddstd,dq Cu, Ni,Pb,ZndSb)dz0 Mmj dzMS sMistsf OdzMC O § syYo C
s fteslsyyjddy dO w)-§les dzd C Odzmcd (i Is

[ ObjtedOdzd d d3j stsHd

1. 1 5dz20 dzO@ dL Mmdzj Ho Odzj

1
10 yYyjdzsO dz0 dL mMdzj He OdzjIsts J dLBOdO L sdO s fj
m’, twOLftdsyjdO fjtfjdidSzd8tdss z@yubigdn§ Istslsd®n
km 12+420, 9o HWMmdets, M dzOyoOde®©L dg® s¢f ddqdzj H & O dro 45
i lsdesls ts l]’dzOlsdzts

[ M sdzsy jded jIsts dzgO L tsdzOIsO L O dL Mmdzj Ho Odzaj J

ANdezteDj hlstst tsdztsy j dzgdj 2O L t5dzO0O L O dL fdz
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1.2 lLjdBOdZ] d fsHEBktsoa (O dz2ZO ftese g

ltesBdlsy Bl Mj dzZMSsMistsf OdzMC OO { tsfig o Gxts f@ls QA ,J Is
Hi dzB syedO cn, o i slke jlsMmisadj M l1teddsyjddj ~ 3 ¢
3 Bls 1 OeckMmls 2008 . 1L JjlIlsdm jnoOd® tfldc tsieteflz D, tcOfm
ZO IstOMmjlsts dz0 1 W nuj HIEED tad<Cla frHsas»Gd@|, j §2j5tctf j dzas d € Iz «
dzO0 i lsw.,

l1tsyeojdedlsj HtesBd MO HtsHEtlse jdzd ytejL dL MmEzh Os (
OrOlstss ~0O90Odz, ftejMWoOdze] ftojL Mdlts M dzsd3d dzOdzj
Z0 osduddid tMisOli yd tls toOMmisfuzdw® Z4zh @O gzjyOl
f sdzq j Is d dfideftfoscp § d fyi - O dejtlzdiitc Wetgidy OO dzj dzO O dzO dzd

1.3 AdLdStsrddd yd dz OdzOdzdL dzO §f syYyes OISO

[irOddydedwils Mmi MisOe dzO tBjHddzj 2O yYtejL Co0Otcls
sftcjHjdzidz yYytejL Mdltses O0dzOdzdL M-Mfclf Bize ©O@z] BBZOC
(MLW), LO 30 min.

dClbdzOIsO Cdmj dzd dedztsmils (1) d Jdzj Slstedyd MS OO
sH j dz dL eMiafiehov,12013). (

te1 4 it Hj-dgjlddste BPSHESW/ 3 CW/ 3IBW Benchtop pH
M CsdidBddzdtcOdz Misi Cdzj dz jdzj SIstetsH d Isj &3 j e Ols kz tc dzO
Ctej Sydidzj SIstcd yj MS Ols O ftctso sH d d@3tsMls J sftcj HJ dzj
CodzHZC Istsd3d Isi to Bant e 510 Benchtop Conductii
Ctsdz
Is §

©

M

HESC bsdgj Istedydz®@ CdzjIs€C O M =10 d Isj &3 j tcOls Iz tc dzC

B j cOlskztcOIsO.

gl HI ey Odzd j Iss dzO j B2 M s ddyg Gt HJ dzj-dets Yt
teJ HiEZGC yd tsdzdzts Mafiénwd2810)dz] (

1.4 JftejHjdzwdze dz2O i HI ey OdedjIsts dzO Isix<¢d i ls
l1tsyeojdedlsjy ftesBd MO YsHdsyjdd @O BsCtts ttOL dzOc
nzsteso SHiStGSHdZO0 S dMmj dzd dzO ¢ sdzy J datsdc d telZDdz@ v O d
fsmdzj Ho Odzets tsIs Attt e ) dzdL qteOdzy dzO MmkMmf j dzr W Is O
ftojL Wddzsi 6 Afqddzy dzj dzs O d Htse jyHEdz] dzO tsBj BO
4l HIi ey Odgd jIss &6 Cd, Co, Cr, Cu, Ni, Pb, Sb d
Ol sdoasmytgasdzj dz MY | SStocsE| MetcO APBORI M RBSHERZ L O
CH,/ 9oi LHER.

10 ofmMdySd OdOdzdLd MO dLfitsdzL 9 Oded toj OCIsdoe d M
9 5HO.

1.5 ssiWduydd dzesd dzO Y tslsj dzgydOdzj dz j Sszsadyd dz te
d Ssdzseduyd dz2 edm¢ .

stsiWwddasl s d© fslsjdeyd Odzdzd W ER)S ts difste jdrufp lskO o de'
fslsyg dzydOdzdzdvw JjSEtsdzseadud dz edmé¢ dzO BIsHj dzdedw 34 Is
fslsd dzyd Odzj dz | ¢ sSRYE 6 ff tuj ) @ dndzw o © B M dwWw ftslsj dzyd ©
sjx¢d d3dj sOdzd o Ytsyes OO (Hakanson, 1980).

sBWdydjdasi s dzO fslsj dydOdzj BR) § Mgdztsd d U g bpdzVte
W ste Bz dzO Isiots dzlz ff 5

[ R=T, x>
ib (1)

Si H]I:

Tow  CwjWdydd dzls dzO Ists€ Hdwj dis jiofls s odigitds @O ( Cu=5; Zn =
Cd=30; Ni=5; Co=5, Cr=2; Sb=18) (Hakanson, 1980; Wang, 2018)

Cs Ctdzyd dzstc®yffw Isigdy i € d3jIsOdz 9 dL Mdzi Ho OdzOISO { t5°

Cih Wtdstso O ¢ tsdzyj disfe’O ysijvy 1dgO dzj Is O dz.
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stsJchuchdzlles dz20 Y tlsjdydoOdjd jStsdtcdyd d tedn!
COljetstedL dts C U0k 1z Bazth eS¢ CBBRER L dzOyd Isi§ldg),dz  ( 8 (
odms¢ (&8 Q(DERcf d3dztsq0§290b|)aﬂqan§ch 19&(152

T
RI = ) ER,
i=1

(2)

RAzH j S s 20 (lsj yt@trs defj Ce@bgduEd O ¢ OC L
(RI <150), bdBjtejdz (1500RI <300), odmtsS (300O0RI <6
1980).

16 ulOkdmisduiMSd OdOddL
st ZOyqddlsj BiyHE WdLdSsodddyddls) n OO Ik
d

¢ s 'Wduc{szlsquJ d ddzH j € M6 dztslzdd yffj tsls j eayifO© dzn @& BT toj |
Analysis Tools Pack &b MS Excel Professional

tdLbEdzsOIsd d tBMi 3 HOdMz

l sz yj dzdlsjy tjLbEzdzsOlsd LO WdLdSBaddi3dudedlsy = Of
Codeyj delstcOydd dzO0 dLfdzj Ho Odedlsy Isj xS d dsjOsQfdyO MO
d sOBdkzdy®dZ. { s
s OB dZd YyWoJ Lld S srdd3d yded -~ OtcOCIsjtedMmlsdsd dzO@ f tsye Ol O
His 1 Isdetslsts ff dzOls dzts
[ OL s ANdLdSCsadidydsd - O I jtstapfPldsd

m "wi oHI tey Oda i g4l HI t6Y O [ dzj SIsted yj

¢ dzq dzO, l ZO S hkdsk § o s EnS/m

11 <5 7.1 5.0 4.0

36 <5 7.1 3.9 4.7

61 <5 6.0 4.3 5.2

sOBddqyF BR2d Codyj dzsteOydd dzO@ Isji3Sd &jlsOdd o
COLMiss™ dzd j Ists H s Mandardss,l9023]§ &zOls dzts |

t OL s s, {Bh O Ctdyj damgk@ydv ,
m Cu Zn Pb Cd Cr Ni Co Sb
11 51.35  233.63 44.19 151 4721 5467 2224 8583.21
36 49.85  109.48 30.01 1.66 47.84 76.70 31.73 5237.27
61 46.15  156.49 73.16 0.92 2452 5512 41.30 4616.32
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[Is tiLkEzdzksOldlsy, fttiHMmlsOesjdd o IsOBdZIJyO 1 Mmd
Lsdz0 fj SCWwOMIOEEJdY j M YydBloW205E5d C B OISO ¢ dMmj dzd
j dibklsttOdkdzd Ht MOt Cdmj kO COkt ] dOKBOdL s C
tcl BO dz0 i lsdeslsts ff dzOIlsdets. RL Mdzj Ho OdzadIsj f tsye j dzd
Tz, Ctwikt o OttdtO dadte®figdzd dzjc to Reed WP L fyls 5w dzd j |
i Isdeslsts §f dzOlsdzts. 1 sye jdedlsy ftesed MO MdzOBB L OMfs
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APPLICATIONS OF MICROBIAL BIOSURFACTANTS IN ENVIRONMENTAL
TECHNOLOGIES
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Abstract

Microbial surfactants are a large number of amphipathic biomolecules with a myriad
of biomolecule constituents from various microbial sources that have been studied for their
surface tension reduction activities. With unique properties, their applications have been
increased in different areas including environment, agriculture technologies. The present
review aims to study the biochemistry and biosynthesis of biosurfactants exhibiting varying
biomolecular structures which are produced by different microbial sources. It also provides
details on roles played by biosurfactants in nature as well as their potential applications in
remediation of polluted soils. Basic biomolecule content of all the biosurfactants studied
showed presence of carbohydrates, aminoacids, lipids and fatty acids. The data presented
here would help in designing, biosynthesis and application of tailormade novel
biosurfactants. This would pave a way for perspectives of research on biosurfactants to
overcome the existing bottlenecks in this field.

Key words: Biosurfactants, Bioemulsifiers, Secondary metabolites, Environmental
Health and Sustainability.
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Introduction

Environmental legislation has been rapidly evolving in order to develop sustainable
products. This has inspired modern researchers to look into natural resources for both
industrial and domestic applications (Ambaye et al., 2021). Among diverse synthetic
products, surface-active compounds are widely employed throughout the globe, with an
increasing trend of their synthesis and subsequent application. Owing to their
distinguished properties, for example dispersion, emulsification, biological activity,
surfactants have found several industrial applications. Chemical surfactants, also known
as surface-active agents, are synthetic molecules mostly used in industrial products such
as washing powders, detergents, toothpastes, soaps, and shampoos. However, their
implication is associated with various environmental concerns due to their source of origin.
Most of the commercially available surfactants are the derivatives of petroleum-based
organics therefore, scientists are now looking forward for their possible replacement.
Some recent scientific evidences have suggested using bio-based surface-active
compounds as an innovative and green replacement of their chemical counterparts (Geys
et al., 2014).

Biosurfactants are amphiphilic secondary metabolites that possess significant
surface and interfacial activity due to the presence of both hydrophobic and hydrophilic
moieties in a single molecule. Due to these properties, biosurfactants tend to solubilize
complex hydrophobic compounds and other contaminants in the aqueous system.
Biosurfactants derived from microorganisms appeared as an effective choice compared
with their chemical counterparts. Various microbes have been known for biosurfactants
production; however, there aremany complexations in generalizing their role and
properties. Considering the potential of biosurfactants, their applications are growing
swiftly, particularly in environmental remediation (Korayem et al., 2015). These molecules
are successfully used in wastewater treatment, soil remediation, microbial enhanced oil
recovery, pharmaceutical products, petroleum industry, heavy metal remediation, and
sludge treatment (Ambaye et al.,, 2021). Being a green material, biosurfactants are
currently getting much attention because they are environmentally friendly. Moreover,
when compared to their chemical counterparts, biosurfactants have numerous benefits
including biodegradability, bioavailability, biocompatibility, high selectivity, environmental
suitability, greater efficiency under higher temperature and saline stresses (Javee et al.,
2020).
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Properties of Microbial biosurfactants

Biosurfactants are produced by both eukaryotic and prokaryotic species, making
them ubiquitous. Microbial biosurfactants are preferred over other biological surfactants
due to their instantaneous production, multi-functional attributes, accessibility, and scale-
up capacity. The bacterial genera known for the production of biosurfactants include
Actinobacteria, Pseudomonas, Sphingomonas, Bacillus, Halomonas, Pseudoalteromonas,
Mycobacterium, Alcanivorax, Rhodococcus, and Arthrobacter. Although the bacterial
species have been comprehensively studied for biosurfactants synthesis, seldom research
is conducted to exploit the potentials of fungi for biosurfactant production. Among various
fungal species, the eminent producers include Candida lipolytica, Candida bombicola,
Candida batistae, Candida ishiwadae, Aspergillus ustus and Trichosporon ashii. It is
noteworthy that the nature of produced biosurfactants significantly depends on the
composition of the growth substrate provided (Khopade et al., 2012).

The most widely investigated class of low molecular weight biosurfactants are
glycolipids. Glycolipid structure is comprised of a hydrophilic carbohydrate moiety
connected to hydrophobic fatty acid chains of variable lengths through an ester group.
Intern glycolipid biosurfactants are further characterized based on the structure of
hydrophilic carbohydrate moiety they possess with rhamnolipids, trehalolipids,
mannosylerythritol lipids and sophorolipids being the most prevalent subclasses.
Rhamnolipids comprise of one or two fatty acid chains ranging from 8 to 16 carbons in
length linked to one or two rhamnose sugarmolecules. The main producer of rhamnolipids
is the Gram-negative bacterium Pseudomonas aeruginosa, however further research has
shown other bacteria species to be actively producing rhamnolipid biosurfactants. The
types of rhamnolipids produced depends on the strain, the carbon source used and the
culture conditions. Rhamnolipids constitute one of the most interesting classes of
biosurfactants because of their advantageous characteristics. Several renewable
substrates such as used oils or wastes from the food industry has been reported as
suitable carbon sources. Rhamnolipids can reduce the water/air surface tension from 72
mN/m to values close to 30 mN/m, as well as the water/oil interface tension from 43 mN/m
to values around 1mN/m. The critical micelleconcentration of pure rhamnolipids and their
mixtures depends to a great extent on the chemical composition of the various species
and varies from 50 to 200 mg/ LP.A€rfugieosadsidoveny nt h e
by three enzymes; RhIA generates the fatty acid pre-curser molecular for rhamnolipids;
RhIB adds the rhamnose to generate mono-rhamnolipids; RhIC utilisers mono-
rhamnolipids as substrate, adding a second rhamnose to form di-rhamnolipids. In P.
Aeruginosa the rhlA and rhIB genes are located on a single operon and expression is
regulated by an acyl homoserine lactone mediated quorum sensing system expressed
from the genes rhll and rhIR located on the same operon. In P. aeruginosa the rhiC gene,
which is ulso under the regulation of the rhll/R quorum sensing system is located
separately on the bacterial genome, however in other rhamnolipid producing bacteria such
as Burkholderia species this is not the case with all three biosynthesis genes located
together (Didyk-Mucha et al., 2019; Markande et al., 2021).

Sophorolipids consist of a hydrophilic disaccharide sophorose which is comprised of
two monomersc onnect e-1,2 bonds, the sophorose is intern connected by a
glycosidic bond to C16 or C18 hydroxylated fatty acid chains that can be either acetylated
or non-acetylated. Sophorolipid congeners either exist as a lactonic or acidic form, with
each form possessing differing application. Sophorolipids are synthesized by yeasts such
as Starmerella bombicola. The surface tension of these biomolecules presents values
around 33 mN/m and interfacial tension of 5 mN/m between n-hexadecane and water.
Starmerella bombicola is considered one of the most productive strains, being able to
produce | arge yields of sophorolipids (on averag
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production sophorolipids are the class of microbial biosurfactant that has progressed
furthest toward commercial application (Santosa et al., 2019).

Trehalolipids contain trehalosedisaccharides associated with a fatty acid (mycolic
acid), have high structural diversity, and are mainly produced by species of the genera
Rhodococcus, Nocardia, Mycobacterium and Corynebacterium. Trehalolipids from
Arthrobacter spp. And Rhodococcuserythropolis are able to lower surface and interfacial
tensions in culture broth to 257 40 and 17 5 mN/m, respectively (Sharuddin et al., 2021).

Mannosylerythritol lipids (MEL) are among the most promising biosurfactants and are
abundantly produced from vegetable oils by Pseudozyma antarctica. MELs are
characterized by mannose sugar linked to a fatty acid and are subdivided according to the
length of the hydrophobic fatty acid chain and degree of saturation and/or acetylation in
the C4 and C6 positions of the monosaccharide (Santosa et al., 2019).

Other classes of low-molecular weight biosurfactants are the lipopeptides,
phospholipids polymeric surfactants. The Gram-positive bacterium Bacillus subtilis
produces compound called surfactin, a cyclic lipopeptide consisting of seven long-chain
hydrophobic amino acids (137 15 carbons in length and a loop of seven amino acids such
as L-asparagine (Asn), L-leucine (Leu), glutamic acid (Glu), L-leucine (Leu), L-valine (Val)
and two D-leucines connected via lactone linkage. Surfactin is known to be one of the
most potent biosurfactants reported. More than 30 types of surfactin have been discovered
with different amino acids and fatty acid residues. Surfactin molecules however remains
identical depending upon the chiral sequence. Surfactin has anti-bacterial, anti-viral, anti-
fungal and anti-mycoplasma activities suitable for health-related applications and can act
as an efficient emulsifier, stabilizer, and surface maodifier in the food industry. It reduces
surface tension from 72 to 27 mN/m with a concentration less than 5% by volume and has
also showed a low critical micelle concentration (CMC) and hence has been explored for
use in extensive different potential applications. The biosynthesis of surfactin typically
produced by Bacillus subtilis is driven by the srfA operon which encodes the four open
reading frames necessary for the building of the megaenzyme surfactin synthetase, that
recognizes the seven amino acids in the surfactin molecule. Therefore, SrfAA incorporates
the amino acids Glu, Leu, and D-Leu; srfAB incorporates Val, Asp, and D-Leu; whereas
SrfAC functions in the incorporation of Leu. In addition, srfAD or srfD encodes a
thioesterase that initiates the surfactin biosynthesis. The activation of the srfA operon is
regulated by the gene comA, which is a transcriptional activator abletobind DNA
(Markandeetal., 2021).

Phospholipids are produced in large quantities during the growth of bacteria and
yeasts on n-alkanes. Acinetobacter spp. And Thiobacillus trioxidanes are known to
synthesize phospholipid biosurfactants. Emulsan and liposan are polymeric biosurfactants.
These compounds serve as emulsifying agents and can be synthesized by bacteria as well
as yeasts of the genus Candida. The literature off ersreportson the application of
liposanasanemulsifier in the food and cosmetic industries (Markande et al., 2021).

Application of Microbial Surfactants in Envoronmental Technologies

Removing such pollutants from the environment is the biggest challenge for
government, policymakers, scientists, and societies (Manga et al., 2021).

Biosurfactants are highly biodegradable and non-toxic for creatures and valuable in
restoring the polluted environment (Ambaye et al., 2021).

Bioremediation

Environmental contamination remediation is commonly carried out using synthetic
surfactants. Biosurfactants are less specific because of their wide range of structures, a
rich diversity of functional groups compared to synthetic surfactants. Synthetic surfactants
have the advantage of precisely determined chemical composition; hence, their effects are
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more predictable, they are, however, more toxic and less degradable than biosurfactants
discussed earlier. For sustainable applications, more environmentally friendly options are
sought. Synthetic surfactants are made of paraffin, olefins, phenols, or alcohols, SDS,
Tween 80, Triton X-100, while biosurfactants are made of cyclic peptides, amino acids,
phosphates, carbohydrates, fatty acids, and so on, which form building blocks of living
organisms. Hence, they can be more degradable than synthetic surfactants.
Biodegradability is an important indicator of environmental sustainability. For efficient
degradation, however, the environment must be properly studied to determine the group of
biosurfactants that will have the optimal effect. Higher prices of biosurfactants limit their
use in bioremediation, however, in situ microbial producers may be used to improve cost-
effectiveness (Manga et al., 2021).

Even for in situ applications, there are still common challenges encountered.
Compared to synthetic surfactants, there are fewer standardized protocols, and the
structures of biosurfactants are not predetermined as for synthetic surfactants, therefore
their effects cannot be as accurately predicted. In line with this, some studies have
reported less than optimal or no effects on remediation. Because of the lower labor,
material, energy and transportation requirements, in situ this method could be both cost-
effective and sustainable. Especially for environmental applications, understanding the
reason for and mechanism of biosurfactant production by microorganisms, and the
development of proper tools for monitoring remediation processes becomes essential
(Markande et al., 2021).

Water resources and soil health

Human activities have affected the soil and water resources in various ways.
Damage through waste disposal, effluents from agricultural practices have polluted the
ground. Organic matter mobilization and bioremediation follow similar mechanisms;
meanwhile, stabilization of soil water emulsions is the property that makes biosurfactants
suitable for restoring soil health and water (Geys et al., 2014).

Common pollutants includeheavymetals, xenobiotics, radionuclides, whichaffectthe
ecosystems in many ways. Surfactants can improve pollutant desorption by increasing
their bioavailability, forming complexes, or wusing ion-exchange mechanisms.
Biosurfactants can also be used to remove PAHs from the contaminated aquatic
environment due to the adsorption and solubilization of the biosurfactants towards the
PAHSs. Improved effects on soil washing can be achieved when surfactants are mixed with
other compounds, such as plant surfactants to improve efficiency in metal pollution
mobilization/washing of soils. Micelles that are hydrophilic on their surfaces and lipophilic
in the cores can easily disperse contaminants, such as non-aqueous phase liquids, and
significantly increase solubilities in the water phase promoting further contaminant
desorption. This also increases the mobility and conductivity of dissolved contaminants in
the agueous phase facilitating subsequent removal by microorganisms. Biosurfactants as
future green remediation technology needs further investigation using different wastewater
to study the removal of phosphorus, nitrogen, detergents, pesticides, and hydrocarbon,
heavy metal, and other pollutants (Markande et al., 2021).

Heavy metals removal

The application of biosurfactants for removal of heavy metals from the polluted
wastewater showed biosurfactants could remove the heavy metals through the
complexation process by the attraction of the negatively charged molecules of the
biosurfactants with the cation of the heavy metals. Chelation of heavy metals by
biosurfactants prevents their mobility, such that using accumulators, these complexes can
be picked or immobilized in the soil preventing the further spread into the environment.
vhe biosurfact ant Paepibaalldsusp. ®9 has a higimrenokak efficiency
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of |l ead and copper and | ower efficiency
weak binding affinity.Given that most polluted sites are contaminated by more than one
type of heavy metal, which might require the use of multiple chelators when using other
approaches, a biosurfactant approach leveraging their structural versatility can allow for
the chelation of more than one type of metal in co-contaminated sites. The downside is
that there is no selective uptake of encapsulated toxic elements as bioavailability
increases, other microorganisms to which such compounds are toxic might be affected
(Ambaye et al., 2021).

Conclusion

This review showed the widespread prospects of biosurfactants in the agriculture,
agrochemical industries, restoring contaminated environments and their sustainability.
Biosurfactants are natural, greener, and eco-friendly substitutes for chemical or synthetic
surfactants. They can be produced from bioresources by selecting low-cost material and
biotechnological approaches at lower production costs. However, its biotechnological and
environmental applications process can be inhibited due to its low insolubility and
bioavailability, strong adsorption to soil particles, and pollutant hydrophobicity. This issue
can be managed by optimized growth/production conditions using economically feasible
renewable substrates and efficient multi-step downstream processing. This would help to
produce a more profitable biosurfactant. Furthermore, knowing the social and economic
benefits of these materials, the optimal conditions for their preparation need to be further
investigated.
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ftejL 20226. ftod dLfdzL 9 0dzjlsts dzO 3z dzem® fitejftcd
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9 0tdOdzs© BjL Bzdy. lted odMmMyddzOls©® dzO HI tco jIsC
cOL d&zdSd fted Ho O-@sdzPtEd OBOdzd § @2 Mj dzOB dz¥ HO9 Olsy
CStesdOls O/ B j BO dzQ el to) 5105 jif t@jisiH Jtata] .

{ Mdeso d&zO yJ dz: R Lomdzj " HaadOjdigits dedO s Isd d30dzdztsIs s dz
Bdtsd3j Isted ydedlsj f ts€ O ddldsjj dizdd ode@f ksl jdzf so s dzOfMON H §
ZOf W o Odzj d dBlzdzydtcOdzj .

sdzs ytse d HEOE: s 5 dzOff sW 9 Odzd , wpBl dz€E seats dzOMO
fsC OL Ols j dzd, RBzdzyd tcOdzj .

THE BIOMETRIC INDICATORS OF AN APPLE ORCHARD OF THE FLORINA VARIETY
IN ITS INFANCY, GROWN IN THE KREMIKOVTZ| REGION

Abstract
In 2020 - 2022, on the territory of the experimental field "Chelopechene"” of ISSAPP
"N. Poushkarov". an experimental trial was conducted with an intensive apple plantation of
the fAFlIlorinao: variety, created in 2017. The
forest. When comparing the biometric characteristics of the trees grown with drip irrigation
and mulching and those without mulching in the period 2020-2022, the results showed that
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under the influence of mulching, the apple trees showed stronger growth according to the
following indicators: the circumference of the stems, stem cross-section, average tree
height and crown volume. Average stem girth increased from 167 mm to 241 mm when
using mulch, and from 140 mm to 218 mm when using no mulch. The average
circumference when using mulch is 10% larger. The average tree cross-section increased
from 22.66 cm? in 2020 to 47 cm?® in 2022. when using mulch. And for the version without
mulch, it is 16.34 cm® in 2020 to 31.62 cm®in 2022. The average height of the Florina
apple tree is 3.25 m to 3.54 m when using mulch and 3.10 m to 3.54 m when using no
mulch. There are no significant differences in the height of the trees in the two variants.
The biggest differences are observed in crown formation/crown volume in the years under
review.

Main objective: Investigating the influence of optimal irrigation on the biometric
indicators of a super-intensive apple orchard under drip irrigation and mulching

Key words: drip irrigation, apple orchard, biometric indicators, mulching.
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Table 1. Agrochemical analyzes of Leached Cinnamon forest soil in the Experience Field

ofISSAt t " N. PSushkarov
pH EN- P,O K20 Mz iz fi
NH4 + NO; Zes 2
H,O KCI mg/kg mg/100gr %
6.8 6.1 96.2 2.7 25.0 3.35
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Abstract

Land degradation due to climate change is negatively affecting agriculture,
infrastructure and biodiversity, "undermining the well-being of 3.2 billion people" according
to the UN. According to the report of the Study Committee on Climate Change, there is an
alarming increase in all indicators showing the risk of desertification in the Eastern
Mediterranean and in Greece, as a country located at the southernmost tip of the Balkan
Peninsula. The risk of desertification is greater in areas of the country where rainfall
decreases and where extreme events such as floods and droughts and devastating fires
alternate. According to data from the European Union's Copernicus climate change
agency, in Greece at the end of July 2023, more than 100 forest fires caused significant
damage to the atmosphere, emitting a total of over one million tons of carbon dioxide per
month. Given that forests influence and shape the Mediterranean landscape and as the
phenomenon of forest fires has reached enormous proportions, it is actually tending to
develop into one of the country's most serious problems. Recent studies have shown that
about 30% of the country is at high risk of desertification, while another 35% is at
moderate risk. In conclusion, in Greece, the Climate Change is present with the increase
in the frequency of extreme phenomena, such as large fires, heat waves and high-intensity
rainfall in recent years, which, in addition to the degradation of the flora, favor soil erosion
and flooding phenomena, given that the country's land resources are among the most
sensitive, due to its land, geomorphological and topographical conditions.

Key words: Greek Agriculture, Soil Resources, Soil degradation ,Soil erosion,
Desertification.

Introduction

Greek Agriculture and Soil Resources

In Greece, agriculture plays a key role in supporting the socio-economic sustainability
of rural areas, as this sector is the main user of agricultural land. In Greece, agriculture
covers a large part of its territory. It accounts for about 30% of the total area. The total
cultivated agricultural land (arable crops, horticultural land, permanent crops) amounts to
3,221,680 hectares compared to the 171,603,000 hectares of the EU-27. In 2018 the main
crop groups per year were distributed as follows: 53.4% of cultivated area (1,719,600
hectares) was used for arable crops, 1.9% (61,890 hectares) for horticultural, 33.7%
(1,085,100 hectares) for permanent crops and 11.0% (354,760 hectares) of arable land
was under set-aside. 56% of arable land is located in lowland areas, while the rest is in
mountainous or semi_mountainous areas. An important parameter for crop efficiency is
the irrigated agricultural area. One-third of the arable land is irrigated. The highest
irrigation rates (97%) are occupied by horticultural crops, 43% by arable land, 38% by tree
crops and 36% by viticulture. The average size of agricultural holdings is less than 5.0
hectares and the number of large farms has increased. Thus, 76.0% of rural households
have a size of less than 5 hectares, while less than 1% have a size of more than 50
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hectares. It is worth noting that agriculture must take care of soil protection, water quality,
natural resources because these are vital factors in ensuring the sustainability of humanity.
At the same time, extreme weather eventsrelatedto climate change, desertification and
landoccupation for urban expansion and construction of buildings exacerbate this trend
(Lareshin et al., 2008). Thisis of direct interest inGreece and for Europe, ascompetition for
land and water creates a serious threat ofgeopolitical imbalance. In addition, land
degradation leadsto a global reduction in multifunctional soils. In the future,the European
Union will continue to depend on its limitedland resources, includingsome of the most
fertile soils inthe world. The article provides data derived from recentsoil surveys across
main agricultural regions of Greece.The data related to land use for agricultural
production,to the presenceof problem soils, to soil degradation desertification, and erosion.

Territorial resources and Problem Soil of Greece

According to the report of the Study Committee on Climate Change, there is an
alarming increase in all indicators showing the risk of desertification in the Eastern
Mediterranean and in Greece, as a country located at the southernmost tip of the Balkan
Peninsula. The risk of desertification is greater in areas of the country where rainfall
decreases and where extreme events such as floods and droughts and devastating fires
alternate. According to data from the European Union's Copernicus climate change
agency, in Greece at the end of July 2023, more than 100 forest fires caused significant
damage to the atmosphere, emitting a total of over one million tons of carbon dioxide per
month. Given that forests influence and shape the Mediterranean landscape and as the
phenomenon of forest fires has reached enormous proportions, it is actually tending to
develop into one of the country's most serious problems.

Table 1. Soil Allocation of Greece (%)

(Land %)/ Decade  1960- 1969 1970- 1979 1980- 1989 1990- 1999 2000- 2003

Agriculture Land 70 71 71 70 66
Crops 23 23 22 22 21
Forestry . . . 26 28

Source: WDI 2007

Table 2. Categories of Quality of Greek Soill Resources

10°ha %

High quality of Soil 2.49 19

Average quality of Soil 2.33 18

Low quality of Soil 7.57 57

Non uncluded area (urban land, lakes, etc) 0.79 6

Source: CEC 1992

The soil resources of Greece are among the most vulnerable to degradation, since
soil, geological, topographic and climatic conditions are unfavorable. The relatively low
percentage (1i1.5%) of soil organic matter content, the intense terrain with fragile
geological materials covering most of the surface, mountain ranges and strong slopes of
the earth contribute to soil degradation . (Simonis A, 1993). Agricultural land has the
highest productivity for the use of certain goals, without loss of productivity. Pastures land
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have medium productivity and forests land have even lower productivity. High-quality soils
occupy 2,492,000 ha, soils of average productivity occupy 2,334,000 ha, and poor-quality
soils occupy 7,580,000 ha (Table 2

It is well known that soil formation is determined by the influence and interaction of
various factors, such as source material (parent rock), climate, fauna and flora,
topography, time and anthropogenic impact. Soils acquire variou properties (natural
chemical and biological) that are directly related to their use for a specific purpose.
Nevertheless, there are some groups of soils with certain properties, which in fact create
unfavorable conditions for plant growth, which makes them prohibitive for any cultivation.
In these cases, the problem soil is determined solely on the basis of their specific features,
that is, either a very acidic pH, or an extremely high salinity, or a high content of CaCO3. ).
They always occur naturally, including saline soils, acidsulfate soils, sandy soils, skeletal
soils and shallow soils. These soils are the source of serious soil degradation onditions
that can accelerate the soil erosion process(FAO, 1994).

In this sense, the soil is actually problematic, because it is unsuitable for any use
under agricultural crops. These lands must be improved in order to be used. Problem soils,
according to the FAO reference, are classified into the following categories a) Salt affected
soils b) Acid soils ¢) Calcareous d) Organic or peat soils e€) Heavy clay soils and f) Steep
slope soils In Greece arid conditions prevail, contributing to the formation of especially
saline soils, which contributes to the presence of problematic soils. The main anions that
cause mineralization of the soil are chlorine, sulfate, sodium and magnesium, and
sometimes nitrates.

Despite these problems that exist in calcareous soils, productivity is significantly
improved when they are irrigated and a rational agricultural system is introduced.
(Koukoulakis & Papadopoulos, 2007). Greece, in addition to problem salted acidic
calcareous soils, there are two other main problems associated with soil, such as erosion
and desertification of territories. Erosion causes soil degradation, partial or complete loss
of productivity. The physical natural geological geomorphological topographic and climatic
conditions of the country contribute to the development of all forms of erosion (Mitchios et.
al., 1995). Greek soils are among the most sensitive to erosion in the world for the
following reasons: a) There is no formation of stable soil colloids that counteract the
destructive power of rain drops. b) Low soil water-absorbing ability ¢) The fragile
geological rocks and minerals that are found in most Greek lands d) The surface of
mountain ranges and sharp declines e€) The dry climate with a combination of heavy rains
In addition to the above reasons, there are other factors that cause soil erosion in Greece,
such as the limited use of manure and other organic fertilizers (green fertilization with
various plant residues, municipal wastewater, etc.), the use of heavy machinery,
insufficient monoculture of the soil cover for many years, sowing of grain on mountainous
areas, excessive grazing and frequent fires observed on pastures and forests. In Greece,
about 26.5% of the total land area (3,500,000 hectares approximately) are subject to
various erosion. Even worse, with the problemof desertification of the landsin Greece,
according to the National Committee for the study of the problem of desertification, 35% of
the territory of Greece are at risk or already have signs of desertification, 49% are at
moderate risk, and only 16% of the country is not at risk. 8% of agricultural land in Greece
- about 300,000 ha essentially should be taken out of production, since they can no longer
be cultivated. More sensitive areas of Greece include Crete, the Aegean, East
Peloponnese, East-Central Greece, Evia, parts of Thessaly and specific areas of
Macedonia and Thrace. The degradation of soils to such extent that they lose their fertility,
"to die", are caused by various factors, including climate change and human activities.
Thus, desert land is not capable of either producing or conserving vegetation. It takes 57
10 centuries in the case of limestone rocks and 50 years in the case of shale rocks to
create one centimeter of soil. But it can be destroyed within a decade. Soil is a natural
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resource that can hardly be replaced (Kosmas, 2017). The lack of land use planning in
Greece exacerbated the problem, because in areas such as Thessaly plain, where land
was industrial enterprises were created, intensive cultivation on that plain led to the
depletion of groundwater, resulting in salt water reaching the Karditsa plain of Thessaly
nowadays. The risk of desertification is very high in Greece and the rest of area from the
Mediterranean basin. In fact, climate change and rising temperatures create a vicious
circle that dramatically affects development the phenomenon. Rising temperatures and
heavy rains accelerate the desertification process. At the same time, when the soil is a
deadbody, it cannot only fAnourisho plants
control the temperature changes. Recent studies have shown that about 30% of the
country is at high risk of desertification, while another 35% is at moderate risk. In
conclusion, in Greece, the Climate Change is present with the increase in the frequency of
extreme phenomena, such as large fires, heat waves and high-intensity rainfall in recent
years, which, in addition to the degradation of the flora, favor soil erosion and flooding
phenomena, given that the country's land resources are among the most sensitive, due to
its land, geomorphological and topographical conditions.
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Abstract

This work presents the results of the study of the residual effect of Cd in lettuce
cultivation. The experimental design, lasting 2 years, was carried out in containers with a
volume of 5 liters, using sandy clay soil as a substrate. The first year included 5 treatments
of five replicates, with the addition of 4 levels of Cd amounts (5, 10, 40 and 80 mg Cd™) in
nitrate form of cadmium [Cd(NOs),], with the addition of N P K 0.20 gr/kg including the
control. In the second year, in the same containers of the treatments, before sowing with
lettuce variety Paris Island cos., the soil substrate was disturbed without adding fertilizers.
The soil substrate in the containers was kept at 60% of its water capacity. It was found that
the aboveground fresh weight of lettuce was greater in the NPK plus Cd treatments,
relative to the control, attesting to their residual action. Also, Cd levels were positively
correlated with aboveground fresh weight of lettuce plants due to the nitrate form of heavy
metals.

Key words: Lettuce, cadmium, soll, toxicity, yield.

Introduction

Cadmium (Cd) input into agricultural soils is due to the application of phosphatic
fertilizers (Jones et al.,, 1973; Jones et al., 1992; McLaughlin et al.,, 2000), soil
amendments with municipal sewage sludges, and atmospheric deposition (Weissenhorn
and Leyval 1995). Cd is one of the most toxic nonessential and mobile metallic elements
found in soils and can easily be accumulated by agricultural crops and it can have
numerous adverse effects on plant physiology, such as chlorosis, necrosis, vein
reddening, affecting nutrient uptake (Jadwiga, 1990). Messinia is one of the most
important agricultural areas in Greece in terms of intensive vegetable production, located
in the southwestern part of Peloponnese, Greece. In this area, crop production is
accompanied by the use of large amounts of pesticides and organic and inorganic fertilizer
inputs, which promote the accumulation of heavy metals such as Cd. Cd accumulation is
closely related to the Cd content of the fertilizer source, soil pH, and cation exchange
capacity (CEC) (Rodr2guez et al ., 2006) .
effect of Cd on growth, yield, and Cd concentration in lettuce and in soil.

Materials and methods

An experiment was conducted lasting 2 years, with lettuce plants in a plastic
greenhouse without heating at the farm of the University of Peloponnese, prefecture of
Messinia, Peloponnese, southern Greece. The soil was obtained from the surface layer
(01 30 cm deep) of the farm of University of Peloponnese. The soil was then ground,
sieved to less than 2 mm, and analyzed before being used. Every year seeds of lettuce
variety Paris Island cos., were sowed directly in plastic pots 5 L in volume and 23 cm in
diameter. Soil moisture content was maintained at 60% of the field water-holding capacity
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using tap water while daily measurements of moisture content were recorded with the aid
of tensiometer readings and gross pot weights. Two weeks after sowing, the seedlings
were thinned to two per pot. The selected seedlings with four leaves at the same high. The
plant samples were harvested for analysis after 10 weeks. One separate pot experiments
were conducted: (a) soil was amended with 0 (control), 5, 10, 40, and 80 mg Cd kg' *dry
soil using cadmium nitrate [Cd(NOs3),]. For the two years of the experiment the
experimental design was complete randomized with five replicates, and each replicate
comprised five pots. The first year, prior to soil amendment and sowing, basal fertilization
with 0.20 g of N, 2.29 g P,0s, and 1.20 g K,O per kg of dry soil was applied. Nutrients
were added as ammonium nitrate (34% N), single superphosphate (20% P,0s), and
potassium sulfate (50% K;O). In the second year, in the same containers of the
treatments, before sowing with lettuce, the soil substrate was disturbed without adding
fertilizers. Weeds were removed regularly. Soil physical and chemical properties were
analyzed before seed sowing and after the termination of the experiments. The
preparation of samples for analysis and laboratory determinations were performed
according to the methods commonly used for soil characterization (Bouyoucos, 1962;
Miller and Keeney 1982; Page et al., 1982, SSSA, 1990; Okalebo et al., 2002). Particle-
size distribution analysis was carried out b
electrical conductivity (EC) were measured in water paste extract, organic matter was
determined by dichromate oxidation, carbonates were found using a Bernard calcimeter,
total N was measured by the Kjeldahl method, available phosphorous (P) was determined
by sodium hydrogen carbonate extraction, exchangeable potassium (K), calcium (Ca), and
magnesium (Mg) were calculated by barium chloride (BaCl,) extraction, and available Cd,
Pb, Zn, and Cu were measured by diethylenetriaminepenta acetic acid (DTPA) extraction.
During harvest, aboveground part fresh weight of lettuce plant from each pot, was
determined. Leaves were washed with tap water and rinsed with deionized water, dried
bet ween two | ayers of paper tissues, and kep
ground in a stainless pulverisette mill to pass through a 1-mm round-hole sieve. Ground
samples were stored at room temperature in acid-washed glass jars. Subsamples were
combusted in a muffle furnace at 520 UC for 5
acid (HCI) (Allen et al.,, 1974) and analyzed for total contents of Cd with an atomic
absorption spectrophotometry.

In this work, a study was made of the residual effect of Cd levels on the lettuce
culture in the growth containers during the 2nd year of the experiment. Statistical Analysis
Data were analyzed by one-way analysis of variance and, when applicable, subjected to
Dunc an 6 s rmangettestp | e

Results and discussion

Properties of the used soil

The soil used was clay loam textured with good chemical properties (Table 1), but in
general with low levels of available K and Zn and high levels of exchangeable Mg (>1.8
cmol kg' 3§, which suggests inhibition of K and Zn uptake, given the fact that critical values
for available K and Zn are less than 0.30 cmol kg' *and 2.8 mg kg' ! respectively
(Analogidis 2000).
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Table 1. Properties of the used soill

EC Org. | CaCO N P Olsen K Mg | Ca | Cd | Zn | Mn Fe | Cu
Texture | pH mSem’ 1 matter 3 gkg” mg k
% %
cmol kg' * mg kgil
Clay
loam 7.42 1.1 2.0 9.5 2.0 15 025| 20|94 |01 |13 |176|210| 75
(CL)

Soil parameters and bioavailable Fractions of Cd in the soil in the 2nd year

According to Table 2, pH was maintained at the same initial levels, in the control and
in the highest Cd addition, while in the other treatments it is recorded a significant
decrease compared to the control, apparently due to the effect of the initial fertilization with
ammonium nitrate. In the case of the treatment with the largest addition of Cd, the
presence of pH at approximately the same levels is apparently due to the effect of the
larger amounts of nitrate anions with which the addition of Cd was accompanied
[CA(NO3),]. The initial electrical conductivity (E.C.) of the soil used indicates that the soil is
non-saline and suitable for lettuce (Maas, 1984). Comparing the original E.C. with E.C. of
the treatments after two years, a significant reduction is recorded in the control and low
cadmium additions (5 mg Cd kg' ! 10 mg Cd kg' . Which specifically, after two years,
adding Cd at levels of 10 mg Cd kg' * 40 mg Cd kg' ! 80 mg Cd kg' *to the soil, E.C. in
these substrates it is recorded significantly higher compared to the control, maintaining it in
the last two treatments with the highest additions of Cd, at approximately the same initial
levels, while contrary to the addition of Cd 5 mg Cd kg' “it is significantly reduced
compared to the control (Table 2). The DTPA-extractable Cd contents were significantly
and positively related to the addition of Cd (Table 2), but the increase in general did not
vary according to the amounts added to soil, indicating an immobilization of applied Cd,
perhaps because soil was rich in clay and carbonates (Table 2). It seems that large
proportions of Cd are left in the soil after crop harvest because of their strong binding
capacity and their fixation in unavailable fraction (Sinha, Patil and Tripathi, 1981; Singh
and Nayyar, 1994).

Table 2. Soil parameters and bioavailable Fractions of Cd in the soil in the 2nd year (after
harvest)

Treatments pH E.C. (ms/cm) Cd (mg kg' 3
Control 7.39a* 0.44c 0.00d
5mg Cd kg' * 7.05b 0.17d 1.10c
10 mg Cd kg' * 7.05b 0.68b 2.64b
40 mg Cd kg' * 6.90b 0.99a 5.04a
80 mg Cd kg' * 7.31a 0.96 a 5.68 a

*Values in each column followed by the same letter did not differ significantly (P < 0.05)
mul tiple

accordi

Above-ground fresh weight and leaf Cd concentration of lettuce plants in the 2nd year
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Cadmium accumulation in the leaves of lettuce plants increased with increasing
amounts of Cd in the soil until the application of 40 mg Cd kg' ! while with the application
of 80 mg Cd kg' ! it showed a significant decrease but remained at significantly higher
levels than the other treatments. These changes could be attributed in addition to the
larger amounts of nitrate application in soil, to the changes in pH, and carbonates,
correlating the reduction of cadmium in the leaves, with the increase in soil pH (Table 3).
Although lettuce plants accumulated some levels of Cd in leaves (>5 ppm and < 10 ppm),
the plants did not show growth disturbance, without showing symptoms of phytotoxicity
due to Cd application, and plant growth was also not affected, indicating a tolerance to Cd
stress (Adriano, 2001).

Table 3. Above-ground fresh weight and leaf Cd concentration of lettuce plants in the 2nd
year (after harvest)

Above Fresh weight

1
Treatments (ar/plant) Cd (mg kg' )
Control 27.68c* 0.05d
5mg Cd kg' * 35.43b 2.08c
10 mg Cd kg' * 48.13a 2.97c
40 mg Cd kg' * 49.66a 9.05a
80 mg Cd kg' * 48.87a 5.79b

*Values in each column followed by the same letter did not differ significantly (P < 0.05)
according to Drametash6s mul ti pl e

Above-ground fresh weight increased significantly in all Cd application compared to
the control treatment, which can be ascribed to the nitrate form of Cd and last year's
fertilizer appli cati ons (Table 3). du t it seems 't
and 80 mg Cd kg' J in soil had not an increase of above-ground fresh weight, recording no
significant change. Besides there is a stimulatory effect of Cd, that is attributed to the fact
that Cd ions can serve as activators of enzymes in cytokinin metabolism, which
accelerates the growth of plants, delaying senescence while maintaining the chlorophyll
and photosynthetic activity of leaf tissues (Kaminek, 1992; Nyitrai, 2004).

Conclusion

Although the availability of Cd was enhanced by Cd amendments in soil, their content
did not vary according to the amounts added to soil. Soil properties such as high content in
clay minerals, pH, and carbonates may favor the immobilization of metals and therefore
the availability of Cd for uptake by lettuce will be generally lower. Lettuce plants grown in
soil with high Cd amendments didndét exce
and they did not show growth disturbance. After the additions of 5 mg Cd kg' * 10 mg Cd
kg' *and 40 mg Cd kg' * further addition of Cd to 80 mg Cd kg' *had a significant Cd
decrease in leaves concentration. Above fresh weight significantly increased in all the
applications compared to the control treatment, but after 10 mg Cd kg'* in soil, further Cd
addition, no significant change was observed.
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Abstract

In the present work, the effect of foliar application of humic and fulvic acids (HFA) on
parameters related to the growth, yield and quality of lettuce was investigated. Lettuce
plants (romaine type) at the 3 true leaf stage (BBCH 13) were transplanted into containers
(5 L) with soil. The basic fertilization with NPK (0.45 N g/kg, 0.15 P g/kg 0.30 K g/kg soil)
was done before transplanting, while containers without basic fertilization were also
included (Control). One (1) or 2 foliar applications of HFA formulation (26% humic and
fulvic acids, 10.5% organic carbon) were applied at final spray solution concentrations of
1:500 HFA or 1:200 HFA. Throughout the experiment, the plants were grown in a glass
greenhouse with a water availability that maintained at 70% of the water capacity of the
soil. The results showed that 1 application of HFA (regardless of the applied concentration)
at 22 DAT when preceded by NPK fertilization led to stunting of lettuce growth (reduction
compared to Control plant height, in leaf area and plant fresh weight at harvest) possibly
due to stress induction. The plants without NPK fertilization with a 1:200 HFA application
had similar values to the Control. On the contrary, when there was a second application of
HFA, the plants recovered and finally, compared to the control, showed increases in the
values of the number of leaves, height, leaf area and fresh weight. The HFA applications
resulted on improved leaf color (parameters L*, a*, b*) leading to a deeper green color and
weaker yellow compared to the Control.

Key words: humic acids, fulvic acids, lettuce, fertilization, yield, quality.

Introduction

In the modern agriculture, the quest for sustainable and eco-friendly farming
practices is very critical. Farmers and agricultural scientists alike are on a continuous
mission to optimize crop yields, improve soil health, and reduce the environmental impact
of traditional farming methods. One promising practice that has gained momentum in
recent years is the use of humic and fulvic acids in fertilization (Canellas et al., 2015).
Utilizing mineral fertilizers for lettuce cultivation is a prevalent agricultural practice,
delivering commendable productivity outcomes. Given the short growth cycle of leafy
greens, substrates rich in organic matter with readily available, high-quality nutrients
becomeessential( L¢,dt ke et al ., 2021)

Soil scientists define humic acids (HA) as humus materials that are soluble in
aqueous alkaline solutions but precipitate when the pH is adjusted to 1i 2. In contrast,
fulvic acids (FA) remain in solution after the aqueous alkaline extracts are acidified
(Canellas et al., 2015).
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HS and FA (HFA) contribute to crop quality and productivity by facilitating nutrient
uptake by roots, which boosts root growth and allows roots to explore greater soil volumes
(Nardi et al., 2021). Moreover, the application of HS may reduce the application of mineral
fertilizers due to their potential to form complexes and chelates (Calvo et al., 2014),
enhancing the increase in nutrient absorption by plants (Canellas et al., 2015).

The aim of the present work was the evaluation of the effect of foliar application of
humic and fulvic acids (HFA) on parameters related to the growth, yield and quality of
lettuce.

Materials and methods

Lettuce plants (romaine type) at the 3 true leaf stage (BBCH 13) were transplanted
(28/09/2021) into containers (5 L) with soil (54% clay, 28% silt, 18% sand, 3.3% organic
substance). The basic fertilization with NPK (0.45 N g/kg, 0.15 P g/kg 0.30 K g/kg soil) was
done before transplanting, while containers without basic fertilization were also included
(Control). One (1) or 2 foliar applications of HFA formulation (26% humic and fulvic acids,
10.5% organic carbon) were applied at final spray solution concentrations of 1:500 HFA or
1:200 HFA. The applications were made 22 and 31 days after transplanting (DAT) and the
plants were harvested at 86 DAT (BBCH 49). Throughout the experiment, the plants were
grown in a glass greenhouse with a water availability that maintained at 80% of the water
capacity of the soil. Each treatment had 3 replication and the replication corresponded to
one container.

Twenty-two (22) DAT the plant growth assessed by measurements of the leaf
number and heights of plants.

At harvest, the number of leaves, height, fresh weight (head), leaf area and leaf color
(CIELAB) were measured on each plant. The leaf area (sum of the area of all leaves of
each planty) was measured by scanning each plant leaf. Colour was measured on 58
leaves per plant with a chromameter (Minolta, Model CR-300; Minolta, GmbH Ahrensburg,
Germany) and expressed through CIELab color scale as L*, a* and b* (Christopoulos et
al., 2022).

The effects of fertilization were estimated by one-way analysis of variance (ANOVA).
Mean separation was performed by Students multiple range test (a = 0.05). All analyses
were performed using Jump 7.0.1. (SAS, Cary Institute, NC, USA).

Results and discussion

The leaf number was 11-17 and 21-38 at 22 and 42 DAT, respectively (Figure 1).
One (1) application of HFA (regardless of the applied concentration) when preceded by
NPK fertilization led to reduced leaf number (P<0.05). Two (2) applications of HFA
(regardless of the applied concentration) showed a slightly higher leaf humber (P<0.05)
than controls (by 5% the concentration of 1:200 HFA and by 12% the concentration of
1:500 HFA) suggesting that the second HFA application is necessary for the recovery of
the unfolding of leaves. The plant height was 17.6-29.5 and 25.4-40.0 at 22 and 42 DAT,
respectively (Figure 1). Similarly with the leaf number, 1 application of HFA when
preceded by NPK fertilization led to reduced plant height (P<0.05), but the plants
recovered with the second HFA application.
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x 1:200 1:500 1:200 1:500 1:200 x 1:200 1:500 1:200 1:500 1:200

Figure 1. Leaf number (left) and height (right) of lettuce plants, 22 (9/11/21) and 42
(23/12/21-harvest) days after transplanting (DAT) treated with foliar applied humic and
fulvic acids

At harvest (42 DAT), the fresh weight per plant was 84-215 g (Figure 2). One (1)
application of HFA (regardless of the applied concentration) when preceded by NPK
fertilization led to reduced fresh weight of plants by 25-29% in comparison with controls
(P<0.05). However, 2 applications of HFA (regardless of the applied concentration)
showed an increased (P<0.05) fresh weight (by 83% the 1:200 HFA concentration and by
71% the 1 :500 HFA).

At harvest (42 DAT), leaf area per plant was 1048-4148 cm? (Figure 2). One (1)
application of HFA (regardless of the applied concentration) when preceded by NPK
fertilization led to high reduction in leaf area by 46-58% in comparison with controls
(P<0.05). However, 2 applications of HFA (regardless of the applied concentration)
showed an increased (P<0.05) leaf area (by 59% the 1:200 HFA concentration and by
58% the 1:500 HFA concentration).

m Fresh weight per plant 23/12/21 m Leaf area per plant 23/12/21
250,0 4500,0
4000,0
200,0 35000
@ E 3000,0
S 150,0
3 ns 2500,0
z “3 2000,0
§ 100,0
[ <u 1500,0
50,0 1000,0
500,0 I
0,0
Control Control +1 NPK  NPK+ 1 xNPK + 1 xNPK + 2 xNPK + 2 x Control Control +1 NPK  NPK + 1 xNPK + 1 xNPK + 2 xNPK + 2 x
x 1:200 1:500 1:200 1:500 1:200 X 1:200 1:500 1:200 1:500 1:200

Figure 2. Fresh weight (left) and leaf area (right) of lettuce plants, 42 (23/12/21-harvest)
days after transplanting (DAT) treated with foliar applied humic and fulvic acids

At harvest (42 DAT), the parameters of leaf color were L* 48.5-55.2, a* -17.5 to -22.3
and b* 27.3-34.6 (Figure 2). Control (without NPK fertilization) had the highest L* and b*
values, and the lowest a* (P<0.05) corresponding to a yellowish leaf color. One (1)
application of HFA (regardless of the applied concentration and preceding NPK
fertilization) decreased L* (P<0.05) and b* and had similar a* values with Control
suggesting a slightly greener leaves. Two (2) applications of HFA (regardless of the
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applied concentration) and NPK fertilization showed the lowest L*, a* and b* values that
corresponded to the deepest green color among the treatments.

rL* 23/12/21 * 23/12/21 er b* 23/12/21

56,0 Control + 1 x NPK+1x NPK+1x NPK+2x NPK+2x
1 zUU PK 1:500 1:200 1:500 1:200

30,0
52,0 50 250
X 50,0 100 % 200
48,0 % 15,0
-15,0 10,0
46,0
44,0 200

Control Control +1  NPK  NPK + 1 xNPK + 1 X NPK + 2 X NPK + 2 x Control Control +1  NPK  NPK + 1 xNPK + 1 xNPK + 2 X NPK + 2 x
x1:200 1500  1:200 1500 1:200 25,0 1 200 1500 1:200 1500 1:200

Figure 3. Color parameters L* (left), a* (center) and b* (right) of lettuce leaves, 42
(23/12/21-harvest) days after transplanting (DAT) treated with foliar applied humic and
fulvic acids

Assessing the results of all measured attributes 1 application of HFA (regardless of
the applied concentration) when preceded by NPK fertilization led to stunting of lettuce
growth possibly due to stress induction. On the contrary, when there was a second
application of HFA, the plants recovered and finally, compared to the control, showed
increased vyield (plant fresh weight) and growth attributes (leaf number and area) without
increases in plant height. Similar results for the positive effects of HFA on lettuce growth
has been also reported ( L ¢ dt k e et Tha leaf color2asOnzaihly related with NPK
fertilization without and negative effect of HFA treatments. The significance of the proper
supply of nutrients to lettuce for a good color quality has been reported (Lee et al., 2022).

Examining the results of all the measured parameters, taking into account the
economics of the applications, it is concluded that the combination of two foliar
applications of 1:500 HFA and NPK fertilization is the optimal cultivation technique, under
specific experimental conditions.
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[ Mstietse [ doddzeMmlsi dz §J obktstedwls (B ctsdzj d3d dzO S
O dzZlsOteCIsdC O (Wde.dzOl ) dzdfiL @slzditcd® 0OMNI0 € 3. sls 11 dzg ©
B ydgdWw Ctsdelsddzgj dzls. l1tjL 1988 6. | §sfMmlsOe jdets dzOn
O zZsOteCIsdc O d Mmi hjiMmMsokoOdzgj Ists dzO BI dzc OteME OO O
ot d&3j OISDO0 dzOzydzO Odzls Ote€ IsfdtayJ ME O] G I€, M ¢ ¥ i gy d tc O
Al Okzydzed dL MmMdzj He Odzedwv i, BWRO Mmi BteOdzgd ftesBd Bl
d dBstemMCO otHO, oBHO Bls oatsHtsdLIstsydzdydlsy dzO B
zdh jd, d&i "o Wdists d Lot zOdtissd, §aBIYEHls | &Ml
BtsL ©O2dzd yd ltweyL 2022 6. fs ftetsjSCIls Ci d3 suv Ado
ZO f§odvwtcdd dOkzyded dqLMmdzjHo Odzdw L O dBEzOHd BEyd &
mMi hdlsy 25 o9dHO tBjCIsd, ®©Is dqLejMmlsdzdlsy d&Ji MlsO L O
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ANdGZ@EIdYy P z jlbd dzinmSd thistese d, 9] Of OH dzO
[ qoqdzeflsi dz d Bl &ZCOEMS OO OdlsOESIsdyj MSO B:

AjdzZsO dzO@ dJLMdzjHo Odgjlsts j HO Mmj foshmdjuwls
JSsmMdmisj BOKO 5 Blsdesh jdedj dzO dzOcdzd yd J Istdstsd dd3d ¢
toj edMmistedtcOdzgj dzO0 jo j dzelskzOdzdzad detso d Odzelstetst s j dadad

[MdzsodzdIlsj i lsdh O L O twOHdOYydBdadets L OB tefmw o Od
SlsdzOc Odedw tsls o dMmtsyddzdzd WwHtj dzd Isj Mmistse ftotso J
Bd Z2O0dzdw 9 j €. RLYdmdzj dats j ,-~ oy jodzji dedid®] g Is Ols tizhs s,

Mjojtodeslsts ftsdzzCi dzBts 9 j M j lse O, HtsMisd e Ols & 3y dzd v
2O fsdzzteOL f OH dzO ddesets s dL S kfMlse jdzdlsj tOHJ B
otsHdzd, fYtyesjded d twWOMIsdlsj dzdzd § tetsB (.

[ OjtedOdzd d d3j stsH(

ltetso jH iz ] MPSMT jHdyffoddzafgls) dz dzO B dzc OteME O
BOLO Awojlsd sdzddijtitsj Lf n2@{HICdni 2022 ¢. , LO i E
Wazste OO d W OkEdOO dd shmistese O, COCIsts d I Isj
ftcsB ho sBtcOB tslsj dzd d ttd\ jlsl0j dzdf ts5 o tc JHQ[BSY € Aelst
cOHdsdL slstsf dead dL Mmdzj Ho Oded™w dz® rRI Gt Ay . 1EPCO
[ OBtstcOltstedWIs® j OCttjHdldteOdO tsls RO A1l &ze OtMm¢
EN ISO/IEC 1702512018, L © ®ftejHj &V dzj M Hi ey Odedjlsts dzO O
9l 99 SHJ, fsye d, tc OfnB@g HAd @Is sdc d HIELO 1 Oy d 5 dzO dzdz(
OB BtcOIststcdw o B EZOMISISO dzZO twWOHdtsd3J Istedydzedisd dLf
862/ 4/ 2006, Csjlsts cOtOdsdEe® SCOyjMmsstslsts  daC
sBjCldodatsmislsO dz0 tojLizdzsOldls .

l otso j HJ degd MpPH O Odzd v L O dz© dzdBujdly Oc @HBIOjdAY 1O j dzd
dqLSCEkMmlse jdzd twOHdtsdzz S dzdH . [ Is y§7AsW-90MH-3, RP-240, Ty O dzd j
232, U-238, U-234, Ra-226, K-40.

RLYtdzL o Odd MmO:

1. [jbBHdSO L O ©OHdBAad&dydeB80. s tej Hj dzv dzgj dzO® T

[ jlstsH] 8] Hdz@L d&zgOYjdz L O s tej HY 0w elzj § e o ¢ Is t§ ts B P
sBtcOL yd. ltetsB dlsj md sBtcOBBISo Ol M 3d dzj tc O dzdzO
OCIldo desmislIs©O o CdMmj dzddeded™ dL o dzj & Paf) o sc®@f is p tzd
MfstejH OCIdo dsiisls® dzO H 0. j totddd(t d B & qezslE &ls ©®
BiHE SYPOM] EMlsOdseswe® L O 21 Hd.

2. [iktsHdSO LO tOHdBAadd&dudss Stj Hj dvdj dz0 L

[JfteijHjdvdy M HI ey ORBHM4Sts 2BG Kic@dd 8 o MdzOHEC
ftcdB Qo W dzj dzO0 dL o j Mm@t OF tdtgtayiy dpjisto ish ®dia) dzddz©® HAsB d
RLIOtwWeo O Mmj dO fwimi ydzdO BOdW Ht MEkats. [tc Odzd Yyt
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Histf | dzded Is j dzdats st tf jj Wiz} dvOdigjj Ists [dzO dL slstsf dlIsj dzO
M jShietdjlsttdyds

3. [ibBHJCO LO diMSsYsdssts GftjHJ dvdj &O
jREgjed. JlwjHoOtdl s ynedsOB sy dzdls jzls02¢C d, t©Of
fesed Gl ydoslsddMSd o ousgfjiis sydy dyge din fds)Sidouodsdz dz
DSA1000Canberra ytejL HJtej Slsdats dL dzdj ez Bdeic dz® ¢ szt
sls 50 Hts ROODkie & .Lifsj to Odzj L O otejdj t =l 600C

4. [JItsHdCO LO tsftejHjdzwdzg dzO Istedlsd?2 o) & oftsH

RLOI tch o O My M (odEBdERs Dy udedets B tots| dzd . |
fesB OO fj GSBSEOwWe O &O Ibkitdksd?2 L O fsoadhC
ko Mmlse dlsj dzdets iPlss O Py fdgifletas v, Gtod Sjlts i s
gL di3j tco Odzj .

JLEzdzis®sd) f H Odzj
tjL 2012 ¢. MO oLjlsd, GBtOBsljdd d O0dOddL

G . MO oL jlid, stcOdf stelsdteOded o dL d3jtejded 638
jStsmMdMmlsj BO. Ay OBl OO Y JtcOded. 10 yjddlsj dz0 duL
BYrO ftsojHjdd (tolststedzd twOHdtEZsedydzed dL d3j tco O
Bjhj SCSttededicOdts otjdijlts dO ©OLTfOH. 1twd M fsfhl
Isj dzH j dzydw fj zOBdz®¥ HO9 O olEPHPM'D dgdzy dE® VOfslH
dLMdzj Ho OdzdIlsj ©WOHSAElzS dzd H .
v OB dzd YO HLi. .oy OdzedJ O ttOHdtsdLsIstsfd (9 Bg/ kg dw)
sls-ots [ doddzemis! dz, ¢ dasOLSCISdEO, 2012
tctsB O Pb-210 U-238 Ra-226 Th-232  K-40 5.23?7 Sr-90
sye O 100R7N2 12N29N1 9010 8.11.2N¢C
dzC Odzd ydzO § jfjdz 12088N2 4N1 6RNK1 180RK1 10N
qdh j-o 150K<45 <79 3 N 60N10 5N0
dh -4 90N2<3 <5 <4 140N2 8N1 7, 6K
a1l 110KR<78 <83 4 N 100R2 6RNR1 <1
i @2 140KR<10 <9 <4 80N10 9N2

| ® ts tc O fiyidaga cordata <40 <10 <10 <4 830N4 <1

] 5 H ts tc GPHmizEdia decipiens <40 <10 <9 <3 430N5 <1

| 5 H s tc Migmdrestia sp. <40 <20 5, 7N <5 320N5 <1

Notothenia coriiceps <40 <10 <9 <4 350N <1

g lstsBON dets O dad jte s <40 <10 <10 <4 270 N <1

4CZz@cOHC( <40 <4 <4 <3 200N <1

I sHO 1 ¢ <10 <5 <6 <25 <10 <1

Il sSHO RO <15 <7 <5 2,7 <10 <1

1 OfmisdIsj dzded sy ftetsed Yite@iglydsls jddedidiiylsu dafQ . sfilstets e
gl MisOo j dzO | &t tedpphdidzfles( dzOH 50 o9 dHO) dSandiiofsa fp. ( dz
1999). R L dzj H o Cddgd" jEF@ea antarctica d Usnea sphacelata, dzi ~Smraopia

georgico-uncinata ( M¢ | | ., Poltachum) juniperinum (He d w. Baniafia uncinata

(Hedw.), COCIsts d o sHmsto@fipdzd | HS magrandi folius, D
Cystosphaera jacqui-2b0i b (kOgdilsy)if lfxeBgkg 12 ¢
dw, sMmitcd H dzaj dzts. 1 OtcOH fijtdtsHO dzO f sdzztcOL f ©

Ctsdzd yj Mlsotslsts dz0 Bhzsostskbts ftojLL 2@RAlsic\R5Bakdl SIED d3(
Mt Isjedzts, MtejHdes, HsCOLOO HBHI dzdedlsj dzdzets o Iststs
2O LOMddzj dzO Odelstetstf 56 j dedz® Hj2desmls. 1 stcOHGd W
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TteOdzj dzj 4 dLywds sl MEAit Jdd GRAOE dEsiyH B Pl s
o JSBMmMdMmlsj BOO COLts tjLizdzlsOls -BB8 j fglsj gl ez dzdz® Is €
ddzd ls tjHdyO Odzls tctsif@ecly wiEdts(s dHdgdaddztsdn@sLdts o | 9l ¢ dz
FtcOdegsH 5B d 9, WismW Ols ¢edNCEBRs t4988),) o @OjctotsL sdzdlsy , Is s
Bl HJ ftoj dei MpdelHsYdelgj fMdztsj o j ZO Obd@sm?¥ jtcOlsO d
tcOLMlsswdedj. [ dhidlj, €C0O0CIts d & mtseajlsj, Mi ©0O
sjtcdlststcdd dzO thMstcsoa ©. 1 tsyes jdedwWlils ddzd MSE Odzdzed v Is
sdzs®@%0 d HO §BHHI toy Ol OmdzEUs] inisiasts Istists fidslkts W filptdzts €
MeJ HO. (JjLEdsOIdI] L O dzOdzq’uq’Jlsts Bz o Yo OO
fisddzdigsCd d dzgj dBsecOls HO tsBWwhdWls odMmMslslsts &z f
et al, 2015). J ftesBdlsy Bl & -, tsdzts 9 s s tsdzd fif jte ts 3P Hiz® dzts (
tJHEYdteOdzj dz0O Qisdchlu'fr]lsatslsis Bz, LOwLOHd JjMmisj Mmise
U9 0O HO9 O BMdso Odzdj HO M JtejHftsdsyd, RI0O di0
YytejL ol LHEMNddY WsdOokzls o OdlsOtClsdyj MSOLO | ¢ tsMc
Hj 2 fods. 1l L sy dets cOHdBdz S &zdH d Is § HO B HJ H
ftsol tcrndatsMislsO dzgO@ dzj Hdz2dC O s otcj &3y dzO Mj L s5dzO dzC
SOC0O olstedydess HO Y OHOI o tOMIsdlsj dzdedlsj tstec O
tsls dzdMmEtslss Mi HI 6RO dzcp] Med dEBZgzEAs sy s dL Mdzj He O
JLJBO.

li 9 oBHBEOMdzdIsy M HI ey Odzd J Ists dzO s stz CtdO Hiflds
sso @ o MkhotL j B3OSO -¥ disgteOs qslE Olstfd Bdo ifds o sHded

lted tMisOdOddlsy JMmisifMmlsejdd ©WOHJdZDS dztfe ¢ f)dzjc.O
RLCdzs yjdzedd fteOQoavwls ftsyesjdzdlsjy ftetsed, ¢ H]jlets tOs9
al, 2015). l jioswilsdzats EtOdzd s fJ qLBdea O s otej dzgj
stsdzdyj Msoatslsts Bz Mmi s |j BOEIts d o dvitsd s M,
jLjtO. t OLliso Bl dzch sSH OISO [k tcOdz, dzi fMd EmMeotswe O
omMdusSd fsed Mmist? dslijhs dds 2 ko BaAf fifggiziss 5 B dzd L € d .
U-238, Ra-226 d 1282, HOo Ols BddqLSd twjLEZdAsOId, 9 tOMmiIsd
lted MOodzj dedi M o tsHicdc®Olnszd I /3, J ¢ dfdesfplsidiy OO, 1 |
MdzOH S sosHdzdlsy ftetsBd slIs 3 jLjteO ®Cdts B dzé Otcfl
JLJjtets dzO dets mOdzO d osHSBdLIstsydzedydlsjy dzO -BIi dzc (
dzdmSd. 1 Codyj dzlstcedtcOdzdlsy Hts 500 @BaAglsG2 detblsd i
Pb-210, U-238, Pb-214, Bi-214, Th-232 G2, 0O-40 @2 K ui HI toy Odaf 3 B s j dzO
<1Bag/l . [ HddzMR26j dezORa d3d dzd BOzdzOIS O H jIsj Slsdelzj O O
sO0dzd D, C2Its Mj Mi HIi 6O ol 9 oMdusd ydod B
Btey o Qup@Q&glsj fwtsed. l Mt | M Hi tey Oded j Is
Bigsls KBO Hts (BB BOky Mkzots Ikjcdds. JtejL 2022 ¢.
EydteOdsj sts iz 91 9 omdySd ftetse d N5 Bgkg f @i & tso j
2 HfROBRYRE. ftjL 2022 cdi,n HoriCldiL odsE Qs HO T
qCOltstedzd odHBoO | L &A0ZOHJUdSe j&&Y , S QRS d d
OdzdLi d3 L O dL 9o j>HOdz i tel@H ditsidy CtathgvHodO defd WldsjOy ¢ d  d
@y fsfOHdOGd f OjtsLsddlk), kj 0ot

OHd BOo dzslsts dzOOMIso Odzy d HI ZEOBO HftBHI d
ts Hd HI dzedw fjtcdtsH dO §odzktcOL §f OH dO t©OHJGd
dz tcClsdHO, lstOLYo Ol LOKR teMveOdedY M Odzstotst ts¢
Hicjlsigdmissolgy (BB j8 @ sHJdded dzO BB dzOdzdw o j € )}137d W H g
J slsCtedoa® o© OLEZJYRZO Mlsjifjd d o M- ta j izdd
doddec i 287 | cOBO &z ydlsjdz i fjtedtsH dzO { sdzlzte
OL dzd € O tsk1 05 dztsp®@dEdz] st L dzOydlsj dzdzts. [ Isdzts o ts
intsojlsy. uwtjHBEOO fistNigsByk g, © 02 @ IR B@ky.j 7, &
I L ditsy dats d tcjcedMstcdtcOdzOIs O tcOL dzd € O HO J )

— g FT e SO gONFST
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tcOL f tosMistcOdzj dzd J z0 yJjLdw fted ¢ tco SEHAOHPEOzAzEIs
Bdtsyj desL OlsO dzO tMmMistetsoa ©. [ kO o jtotsWisdzO ftedydd
CtodtsSCsdegdIsdlsjy o (MDdegd® dt dzahO, 20 23)[.dold damdgdsu tsin
OBt O Jj HJ@AE ldsdso ddefdRj ff dzj 2 Mistsyj dzm € i teokz dpSdChmigdy hei dq;'
] sdzjlsiwlzsdzslz dL ted G o Osld JdoHdadpd ED KB dz2Odzdw o j €.

fsCtcdo O ol torndesmlslsO dz0 o fmdusSd 5 dad ZJISdZOdZHijQ
Bstej Iss wCtslsdv, ZzO 800 ¢ k. d Htsted © dziHJjded W
BdSCtesmtcj HOISO, Cvw gy f jsds dztdny jLda@ded@D , BsE Ols HO
tcOHdBdL slssf d.-o iEOIs O G tew 9 Odzj ftod Iststf Jdaj,
oCdzf Yyas © 9o Sl GsotLOISO dZO 9 jh jMlso OO d HEY I dzded
tcOHdBdL slIssfd o OdzlsOte€ Isgtad < ©OdzdPIs d I jts fiftEnis dggcla O Is o
tojLEzdzsOl dzO W sdzOkzIO dJLtslstsfd ytejL §toj ddddzOe O Ols
OCIdodesls dzO wWOHItdL It dlsj o Mlstsf j dzOISO o tsHO
CtedtsSCsdedls©O, d otejdBjlts LO CtdlsOCls d&jyHE Wi (B
vt 0 dBsyJ HO tBwWded d ftesMmMistcOdemilse j dzgdilsy o Oted Oy

ANdekztoDkzazC Odzd ydz©® f jfjdz 901 terlz dzjHO d o ~RAttedL t5dz
mi toH-9 fsdoe ddzemisi dz

tdedmisted tc @B flzd 0 @ MO ddesets MratsHded L O ff v fd
s stej H H Odiadiis g H 20, (1994) , C&18TY B Baf Ml ©) dO |
CteOdzd yolsO© dz0 wslsCtcdoOdzgj 91 9 oMmMduséd dBsteMCd ot
COL It jddvw dzjH Bl Odls Qe izt iy ApL3AO dz 31 digfeds s s o
CsdzdyjmMsoats 9 tjedsdzd |jJ € s MBD7 %.ts dij Owabdf L v &dgd
sjLd, SCStdlts BdCdatso jdes M BGlsSCtedoOls o wjo ] tcdsts!

h d tc d dBdieza H tg 1991; Mitcheld Htc. , 1-@Z§BRYJIcEBIjLd, dOdj tc,
d 4 tcj H J L dpsEeys, Csdlsts-Mderdasd® LGN J ¢ dzOIs ff v ts ldn dzjtsHs dz
Y j todztsB d dzfn € G)I@é]fartﬂq’Gu;t(ﬁW,Paoﬂ)@cD3Htg. , 2003) .

o stdzdud Mise Bluy g dEs o wLOL dzd ydzd bsyscd dzO ¢ dalsC
2 400mBgdo 8 9 @v fpdz@akansue,A987). t JLEd&IlsOIsdlsjy L O duL
CHdN j dOH Y altsmdzed Jdz 6O d ks fdlsj2dzdlsy d
ddz f otapim s ¥z 2, 82N0, 6 d 5, 11RBlg/1 -Bq/A2,
J Mi HI ey OdedjIsts O IIstedlsd?2 o dLIssydzd s O ¢
s 9 MdzOHSCBoaBHd JLAMO o ©LOAtdO dzO0 MmOdOf s

1 OC dzs yg ded §
stsdalsd dzj dalsi s ¢ dzEls Ote €

Is syYd © dH dzts mJ
Odzstetsf 5G § dzdes ttOHdtOCIsd

dH O ~n O
odes L O3 temwezOdz§33 d I S
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90 o BBYJ dztsL Ols-® s degE®E@aD s, yj Istsiudd fifilsdzv Is
02 sdz dz@® 1jJj VAN ¢ dzOIls C o j des Ll Ougs o j & O j H §Z2D dz
Cs-137, Sr-90, H-3, Pb-210, Th-232, U-238, U-234, Ra-226, K-4 0 COCIkts © MkzatsL
sOCO d ol 9 oatHMBROKO Mtej HO.

ddzlsOteCIsdyd M disj dzdh j d d B Rtse j ho HisBI to
LOM temwoeo Odz fyJjBdftBe ts

tdedmisiipif EBctcj Mdo dzts ff sded ) O Odzj €l 37 s dzy jaeld tg @f
fsyos© d okdz¢COdzdydzO jfjdz LO fjtedtsH tsIs 10 ctsH(
I8 Bg/kg H sl Bgkg. uvtso O dzOdzOdzj dgg j H( WAy d8 @RH) MOBs dzO J
tc OL f OHCs-HA7 , O d dzO dLoj Y HOJjids®BGL tajiry H®Hz] M tc jsis @BlY
tcOLIso Otewdzgj d2O0O wWOHIGL s O, COCIts d dO dzj rn tsd3t
B n, M ByudlsO ftodh Oo Odsj dzOBaMgi L bW L tgls e &Ad € @
ojtotswisdets fMJ HI dzy Ol OuWzDts drlis Uztzef J dlzed ds5 j dzj Hdzed € O o d3d dz
dzj ftod € MdzOlsslsts ddi3 T tsMmisjfj dedes BMotsBBY HO9 Odzj |
MdzOH C s tsH dzd Is § BOMj2ded 20 ¢ dzlsOtwcCIsdCO ftod dzj
LOItsf dzvdzgj dzO S dzd BOISO ftojL f tsfydzj H digfjls jo 1¢0dzlss@HsiC. Is
J PtjL Olj dzdets, SCtsjlts hj ko jdduyd L dOydlsj dzdets € t
Hiczed tOHdtdzzS dzdHd, lsdztsy j dzd dzO Mk Ol O.

1J ®BSYj HO BiHj EfMlsOdss j dzO-210idz@3E. stcj dzOydw d

g4l HI oY Oded j sts-2 20 Sz B L j d3dz® ¢ s Blsts SO, to offttxizO Yy C
slsyjlsj detslsts, fsCOLo0O obtstedydests Odzstetstf 56 j dzdats L Oc
BOMmd .

1 ZOGtsH Otcdzts s d

1 Ofmlsswh dlsj dL dzj Ho Odzd W BW RO ol L d3tsy dzd , B
1 OydtsdzOdzdedw yjdalsi 6 L O Htsdzwtcded dLfdzjHe OdedwY d
yoOMmisdi -20ls@ 1 dzgOkzydz® dL fmdzj Hiso Olsj degC Of dp Y fdafs jnis df
ddzZsOtcCIsdHO. RLMdzZjHO Odzj Ists | W JdzOdemdteOdets tsls w v
ftesjCl L O ddzOH2d 28y jeded 2 02 2

RLicOLWo Oy M JjyqdoOdzded B dzOG SH O tc dztofidE(© dBO @fapjColiedry
Odzels OtcCIsdyj M¢ O J Sy indydw L O zse dmlsd ydzOls ©
stcOdzmf stelsdtcOdzj Ists dzO ftetsBdlsj Hts 11 dze Otcd W .
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CONTENT OF RADIONUCLIDES IN SOILS FROM AREAS POTENTIALLY EXPOSED
TO POLLUTION AS A RESULT OF HUMAN ACTIVITY

Radoslava Lazarova, Milena Hristozova

Agricultural Academy, IPAZR "N. Pushkarov", Sofia, 7 Shose Bankya St., Testing
Laboratory for Radioecology and Radioisotope Research

E-mail: lazarova.radi@gmail.com

Abstract

Content of natural radionuclides U-238, Ra-226, Pb-210, U-235, Th-232 and K-40, as
well of the technogenic Cs-137 was determined in soils from the region of the city of
Yambol, where uranium extraction by geotechnological method was carried out in the past
in the area of the villages of Tenevo and Okop.

The results for uranium, radium, thorium and potassium-40 are comparable with the
average data for Bulgaria cited in the literature. The content of man-made Cs-137 is
comparable to the data obtained in other regions of the country. The radionuclide content
in the soils is not homogeneously distributed and varies from <2 to 62 Bg/kg.
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In all investigated soils, the radium equivalent activity and the external hazard index
are below the permissible maximum, which shows the investigated soils do not pose a risk
from additional radioactive dose load to the population in the region.

Key words: soil radioactivity, content of uranium, radium, thorium and potassium-40.
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MICROBIOLOGICAL CHARACTERISTICS OF EPI-CAMBIC LEPTIC UMBRISOLS
Hristo Valchovski, Jonita Perfanova
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corresponding author: h.valchovski@issapp-pushkarov.org

Abstract

The soil microflora of Epi-Cambic Leptic Umbrisols was investigated. Samples from
three soil layers (0-10 cm, 10-34 cm and 34-50 cm) were collected. The amounts of the
main taxonomic microbial groups in the soil were determined. The results showed that the
amounts of ammonifying bacteria, mineral nitrogen utilizing bacteria, actinomycetes,
microscopic fungi and cellulose decomposing microorganisms were higher in the surface
soil layer. In depth the population density of the soil microorganisms significantly reduced,
being the lowest in the soil layer 34-50 cm.

Key words: soil bacteria, soil fungi, Epi-Cambic Leptic Umbrisols.
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Pesheva, 2020).

BakTepuu ycBosiBaLLM MWHEpaneH asoT
30

a
25

20

15

KOE 10 g/nousa

10 - -
N B
0_

ObnBouunHa 0-10cm 10-34cm 34-50cm

AdekteO 1206 kjtedqd kfotwe O d dd dzidm/@ARjHAAZOD Ltssy 990 )

17¢



LsIfTf4RrRC R O f fwrimmu rodfryvgfduvged R 1t dstrROfB/IDARC

t OLf tesMistcOdzj dzd j ss dz0 OF Is-dzez® 8zQ s 1© d § SBfmydz @eOtgzd dzf
dLteOL ( aztpc . 31)] JtoiBiqHiugy Oded j Ists dzO ~rEd3kzf J -9 dMmtss
dzd ® OH &ZOIsO f tsyoe O, dzj ctso tslsts  d3ded@jotai@=dzd L ff @ O dgjOL Gztf
BOCIjtcdE@iBsw o O d dddzj tOdzj dz OL tsls, fted OCIsd dztsdid
odMsAdde-dfi ;S sy s jteObkted ftojL JMmjdzdedy §jte
odzdwdzedy o) terlz wWOLoadIsdjltt dd, CisigdletOH jizd s § ( g dg
sC oL GsdPIs d s dewpiL figfdck o  Istedisy dLfdzj He Oded - ~tsted
dzd o OH dzO § sYye © MO sls yjd jdaldd) Istste flzOte GDLS tlsie{hthptitis] Mrty fiplafldsQ
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PRESENTATION OF
"SOFTWARE FOR POTENTIAL RELATIVE ASSESSMENT AND LAND USE
SUITABILITY CLASSIFICATION OF AGRICULTURAL LAND IN BULGARIA"

Ivelina Radovanova
Agricultural Academyi | SSAPP #AN. Poushkarovo, Sof

E-mail: radovanova@abv.bg

Abstract

In 2023, | developed "Software for potential land use suitability classification of
agricultural land in Bulgaria” (Radovanova Iv., 2023). It works in MS Office terms,
programmed entirely through Microsoft Excel.

The software with the corresponding methodology is essentially an update of the
legally adopted "Methodology for work on the cadastre of agricultural land in Bulgaria"
(Petrov E. et al., 1988.), and this was achieved by a newly developed "Methodology for
potential assessment of agricultural land in Bulgaria® (Radovanova Iv., 2020, 2021
dissertation). Actual and potential assessment are fully comparable in terms of approach,
scheme, parameters, etc. The difference between actual and potential assessment, as in
the case of software, is that in the case of potential assessment of agricultural land,
potential characteristics (subject to improvement by external intervention) are used. These
characteristics are: depth of the humus horizon, soil reaction, humus content, groundwater
level, stoniness of the plough soil and degree of salinity and/or alkalinity. For these
characteristics, 86 newly developed Bonite scales and algorithms have been applied
(Radovanova lIv., 2021 thesis).

The software uses the built-in functions of Microsoft Excel. The mechanism of the
existing final land use suitability categorisation of the assessed land is fully maintained, but
is now considered in a "potential” aspect and uses the new potential algorithms.

The software allows the printing of an official document of the potential assessment
of the agricultural land concerned.

Key words: software, potential assessment and categorisation, agricultural land,
agricultural land potential assessment.
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1l dze Oted v , dzOkz ¢ Ols O L O BsH jtedzd L Oyd v, Hd e dlsOc
Ld B HJd]d]Ists.

Ajdzs® &0 d&OfMistswh OO fEkBddS oude HijlsOp ®dzjfj
dztso sStcOL tcOSlsj dzdwls AutsWlskzjte LO ftslsjdydOdzdzO tsyj d
fts ftodetHdtsMis L O Ljdjfsd o0dsj dzO( Of B © izl O In f
2023 CG.Cc2lsts Ools®ROdLdte® d HJEdlOoddL dte® f§tetsyj
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[OljtedOdzd d d3j IstsH(
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t OHts9 Odzglso O RWO , - AOARVIEj cdMmMisdSdlsj, SCStdlts dzj My
o dzd W dzd 4 (fdzgfp IjLd LO dzOftswo Odzj) , MO  sdzL o ¢
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Figure 1. Homepage of "Software for potential relative evaluation of agricultural land in
Bulgaria" (Radovanova Iv., 2023).
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BALTATA NATIONAL RESERVE 1T CONDITION, ENVIRONMENTAL PROBLEMS AND
DECISIONS

Steliyana Hristova
ISSAPPANi kol a Poushkarovo

E-mail : stelityhristowa@abv.bg

Abstract

Baltata National Reserve is located at the mouth of Batova river in close proximity to
Albena Resort. The favorable climatic conditions, alluvial soils and high humidity are
prerequisites for the development of longose forests. A number of plant species are rare
and included in the Red Data Book of the Republic of Bulgaria. The main concern in this
area is due to the intensification of the processes of drying and exploitation of the terrain
around.
The report identified environmental problems regarding the soils, flora, and fauna in the
reserve and offered measures to solve them.

Key words: reserve, Baltata, longose forests, environmental problems, decisions.
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(1l Ofmddzje d Hte., 2013). JiftjSd ktsea® jHdds dz
&zd f e O.

ltosBdzg B lsj f tjL jtcoOls Al OdzsOlsOii &secOls HO B
H te) Qo dz0@ Y sdzdlsdC O d OCIsdoeo dz0O § sdi3sh ls MistcOdZO dz
MistcOdz0Is O. stejH ol LAy dedlsy tjhjdedw L O L OBOOWC
9l LMlsOdesowWo Odzj  HtsHtSBEWY O Odzgj d20 Mmi Misswdad j s
o Mj 5B~ odPIsdpdils ts tc el ClOWARPO G wOdzed ydlsj 22O L Oh dlsj ded
91 9 i HOdz] Ists dz@B HBERBBC A O dL GO HOdz] ZzO , ftej G
fsHSBtoW o Odzj Ists dzO ftcOotstf ted dzOc Odzj Ists fts s ls dzts
ftcj HslsotcOIlsW o Odzj Ists dzO L O3l tcif ¥ & @ BosmsREz fs didsd] s drilsls
sEztcd mis b @[dECIEOO MIs toz CtisfipdedOz W 0 Odzj Iss dzO@ Efpdzse dw L O
sztedL i ds. liLmMyfstejd IsdzoOmi ¢ LO {ftsiisdc Odzj dzO
cOLtcOBSIso Odzgj ss dzO JjHddzj dz § d&zOdz L O Bk cOo dzj dzd J§
dzi sBrsHdB]Isy yBdznsdd 6JhHfdhd L0 yvwdashisdslsts cf
sjtcdlststed W .

1 06 dz¥ uj dzd J

g Juydw dudedlsy ¢ dzd 3O Is d y ded fdztse d v, dz0 dzd u q J
f4 Ml yadadezj Misd fsysd d L dzOydlsj zdzOls© o dzOy dztsfls
LO tOL o disdfgtcCls@® d HNOFzdgOB=A Odzls Qls Gite.j S Istse O, s
i Msswdadj dzO0O o @y EPEOOIEB®E AP dzj L OH 9 sdzd Is j dzdets, t
i Yesyishkh @@ 0dzj d EkMmeotswe Odzj .dz0) tstd dsQ dizffL (eSOl
i Msswdad jIsts dzgO tjL jtcoOlO j ol L distsydets Mm@ Hf toj'!
sBh jMise j desMisls© o dzdyjlts dz2O0 ftedtesHsL O dlsdzdlsy ts

[ dlsj cOlskztcO

l Oomddzy o, 1 .t . .1 OfpfSag oy L H{ d2tD9l,38).. | OydtsdzOdzj dz § dzOd
ZzO0 &AOYJBdIlsy o &zOy dzd L 52 292y W dfg Otcdw 2013
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MAIN ASPECTS FOR CREATING ENERGY PLANTATIONS IN BULGARIA BASED ON
ROBINIA PSEUDOACACIA L.

Krasimir Dimov

Nikola Poushkarov Institute of soil science, agrotechnologies and plant protection
(Sofia, Bulgaria)

tdLe dgd

t OLedzj HOdzd MO tMmdseo dzdIsy f toJ HYfj teiFlfQodfdd ff LABD défpi OL
1] &ze Qb fMisyj dzed MO thdse dzdlsy Myj dzOted dzOL @ GG O o & §
O f Otcded € seed Ods@isEplji cOls O, ® LOsadMmMdB@smls s ¢
ltejHMmMisOoajdzd MO HjijtemMfjSisdodlisyd LO MmMi LHO9 Odzj ,
ZOMOdHY] dz O ftesdL o BHMIsos dzO HIi tco j MdzO B ESHFOHE] ts
MO ftjHdBMiseo OO dzO sssdz@izj P 9 (Ralzpids Bseudp@cacia L.).
ltejHMisOe jdzd MO jdzgjteed2dedlsy rOwOCIsjtedMmisdsd dzO

sdz¢s yjod mwsEdgp: OCOydvw, ( Robi ni a Bl sERima ¢ 2 dzd
dzzyHd, COdtstedydetsfls, §jfJdzdets fMi HI oy Oded j .

Abstract

The main prerequisites for creating energy plantations in Bulgaria have been
examined. The main scenarios for the development of dynamics of greenhouse gas
emissions in the atmosphere, depending on energy consumption, are indicated. The
prospects for creating, growing and operating plantations for the production of woody
biomass from intensive crops are presented. The advantages of growing white acacia
(Robinia Pseudoacacia L.) are shown. The energy characteristics of white acacia are
presented.

Key words: white acacia, (Robinia Pseudoacacia L.), biomass, energy requirements,
calorific value, ash content.

'l o jHjdedj

1 OBOdzv 9 Odzj ss dzO J BIMddIlsy dzO f Otcdzd § tsodglj IsdO@z, ts
OLlsjd s¢MmdH d Ht. ), ftcod dzj ftej €1 MdzOIsts ko j dzd
Jdjteed2dd tojMmktemd, Mj Gjol tdd o JHKEEhkes Mdz
2009; Tsyganovand K1 oc hkov, 2012) . vl 2 CObt dOMmJ dzj dzd j
g sdtsddd yi M¢d twOmlsjy My ke j ddyOe Ols, tMmMsej dts o
fslstejBdzy dzgd JIsts dzO jdzj e v o twOLdzdydd MmMjSlted
COyd Msoaslss dzO Y do slsOMmif @isHB idtg O OsKwlOaleov and V
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[ S jtelsdedlsj ByjdeSd §s8COLoOk, yYj ©® BIHjMN]
ZO tOLodIsdjlsts dzO o) LtsBdesow jd3d Jjdzgjtecd2ded dL Istsy
detcOwls WslssmMddzlsy L JcOh s j tcOMmilsj dedyj ( 1Simdey ¢ k adgpC
dzj ZlstcOdzdzsMisls© O BIdBOMOIO s slsdesh jdzdj dzO
OsBsmMW j OISO, Isi 2 COIts fted dL § sdzL 9 Odzi,, IO &Y B
tcOMmisjddjlsts cts j OBMtsteBdtcOdzs tls Ol BksmiSpasPIsO
2006).

1 v dg@® OF¢ Rohidi& pseudoacacia L. § J HJdz -fSlsteigffORC Isdo dzdIlsy o
fted M LHO9Odzj Iss dzO ddzlsj dzL Jodzd ctstemMSd Ckdzskts
ol LMlsOdzso W 9 Odzj dzO H (Marin® ietdlts B3 Endkipvie] aliz016).

1 W dZzOsO O0¢Oydw jOtedsd f fiyf dals jtelzL dfglg dz e OMIsj y o d3d
qLitsdzLo O hdtesits LO LOEZIiMmMYeOdzd o w©BiHdYO MistcO
11 dze Otedw . Is@ CBGgYydqoOdzj dz adH ddzlsj dzt do dzO ctsteC O
Hi co jMmded d rteOMlsseod odHtse |, Ctsdlsdsd fipQ] sROMOdzA
ftotsdL o sH Mise ts (AEdov etdall, 2@l i, Enakiev and Asenov, 2012).  sBdls0OlsC
Hi tco j folsfsdz®@ Gnj dL § s@uda @& c d3 dafc tc O dzlz da] defPrdiev et al.,

2014).

tdLEzdzlsOlsd d tBf)i 3 HOdZ]

VviNlsOdetse jdzgs J, Yd CBHJN desfis® D Istfcdz® ez Pz Is @zOH B
Bd dzd OtcH O  Is 5 dzO, O dzj 2dzslsts J dzgj tec d 2 dasd MigiC sl toy 1©
Cdzdyj Mo slsts jdzjteedw, dLYBdL oaOds s yYte j yj Mise
BdsdkOMO, JLitsdzLoa OO L O BdBGEtstcdo ts, MO Mmj &z ¢ s
idged2dedilsy f &zOdzelsOydd d Bd ¢S tc Edenilwfdt?@1py dzOIls © d dzH Iz

RLYBdL o 0dzj Ists dzO o) LsBdzsow j a3 Jdzgjtecd2dzed duL Is
OB oL s tOLoado OMNdIsj md My Slsted dO JSCtsdesdid $ C
ftocsedzesL OISO L O Mo jlstso desisfcdzff & ®Y B tizlp dze j L § B elzts oz glzB
dL ssydsd yd.

15000
[ dzde.
s 5 dzO ” 35%
j Istets o R

chQJa A 10 000 T 17%

(Tonnes
of Ol

Equivalent) 5 000

2000 ¢. 2010 @¢.
ANfektDiebedatsL O L O Mo jlssodetslsts f slstej B dzj dzgd j
Sl LsBdetsow jd&3d J dzj tecd2ded dLIstsyded yd

vOCO 9o MlstcOdzdls]y Bls [ v, [MHhEtzdOtcEh @GO GIs Pl d
J dzj oG j(lsmftCe®r nat i onal Energy Agency) ftotsdL otsHMmls
dLIssydzd yd dzOtcOMils @ %6 sH Phddtts ] ) 1 0 1 to t§ Godiss fdgd2lsmy & Hv
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mMiojls LO oi LtsBdscow jdBBO Jjdzjteeadw §tC0OLoOO0OIs, YyJj H
dLIstsydedyd o cdzsB Odzded W jdzj ecdj dz B OdzO @sorgey § H O
2015).

ltejrtsHi Is ¢ 3 qLYtSdzL 9 Odzj sts dzO BIBBOMO € Olsts
fotsmidds j dzj 2 ftetsyjfm, fstcOHd SCBjlkts dResets MistcOd
A d dgdzOdzH d v, Zojydw d Hte.) 94 UJ OCIsdedes d Mmd
ftesdL otsHMIse ts ls cf fslstej Bdzj dzad § sts dzO0 Bakés,R2&ls;,do O o
Geiss, 2015).

sfftstejH [ jYHERAYEEYHEOISAH s JjdzjtecilsdS O Mmi hjMmlse kb
cOLodlsdilsts dzO HJdOBdS O, az0 Olg digs i idisQIls OdzO® 9COL O 9
CedzhizdzOydwilsO dz0 Jj dzj e W :

U dyd d&zOted?2 fAy OMmMlsswh d fsddlsdSdo (Current pol |

U sy d&zOted?2 A1 toed Ytsdzdisdcdo (New policies);
U Auyj dzOted 2 0Qcenarid). ( 4 5

1508 ddy0O 1 jf tfc=Ci@si i@ 020 [ j 3y HEZ&OtsH ZOKO Oc
(for) Ghdshds HJEZOKBICO , 820 O BEMY ifPls Az0s COOo
CsdzBOydwso &O jdzjteedw.

v OB dzd yOltethe dztsL OO dzgO [ jJ Y HEZZOtesH dzZOIO Oc¢ j dzydw
HgZOBIC O &0 | g d qdsissd®® j EOO o L Osdmddshls |
J dzj e dw
| &zsB Odzdzd J B3dMdd dzO o) cdzj tesH jdz HEsE |
BdzteH . lsdO CO

| SHd d . g
#Yd &0d? A1 L powd2 Aytsec Auyj &OLd s
fsdzdisd ¢ d . .
(New policies) (450 Scenario)
(Current policies)
2000 23.5 23.5 23.5
2010 30.5 30.5 30.5
2020 36,0 34,0 31.1
2030 38.4 33.0 25,0

g#YyJ dzOtcd?2 A1 Ofmsswhd fsdzdsdsdo, ftcd S22t [
ftoesdsj dzd o dz2OMkswh dlsy §sdzdlsdSd. g Y JinigdO tow 8 f Eifp SO
dzsod HI dzesMmtesyded HtsdzdlsdSd d § dzOdetse j, dzOftsyy dz
ddzd widclkztew o Odzj 2O Jjdzitece 2 dzOO Mdekztcdasfls. A
i hjMmlsokzeo Odgj Ists dzgO AszJ,tsGdez filso, Mmi odi Misddz M
G dztsB Odzgedf3lff jj c®Isztcd HBs 2AC YtejL sctcOdedyOoe Odzj dzO
CGOLBO ] ©® OldBtsMW¥WjtOlsO Hts 450 yYyoOfglsd dzO© 3d dzd tsdz
HJd ¢ fiBdneva, 2011).

gYyj dzgOtcd?2 A1 OMsswh d fsdzdlsdSdo ftojHESIsotcOIsw o O
j di3d d d, H B0t fiydsed fodzdlsdSdo etsHd HE L dzO
9 0dzj Iss dzgO 9 cdzjtesHdzdIlsj J 3dMmdd, dzts s €
5 WL Cts dzOd3Odzv 9 Odzj dzO o) cdzj esHdzd s J d3d M
LdteOdzj dz0 ¢ tsdzyj dzlsste@@ysiodjls jo i daO offi Q tadzfRCAs o
HeMIsOIll ydes L © My dqteOdzy dO 6 dzsB OdzdetsIsts L
sL d dzO y d dz, o j dzd yOe Odzgj Iss dz@ HJ &zO dzO
szdzts B sd®BOMOIs O, h] HBSOjHJ] HEBS L OBOO WAz
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cdfd ~OtOCIsjtedmisd ¢ d drObimapsr@doaacL Pydw (
ted ydztsmls
ted ydzsmisls© dz0 cetstedotslsts j Ctsdzduyd Mseatslsts Is
O Cstcdots HODO B otej 3y dzZO dLGOWdzj Ists d3k
tedlsy ] tk®das tcff ty AN GEHsYOzO Is © 4698 Rogliky, O §
dZOls 0 G Q dztRtbd8\dztskindses | O/datsres f Y dzs s ls ©  j ) d dzdzt
Is © s d Ibkk¢ OCOyYydwilsO d&O ftcoj Hd BMIs:
Ols LdzOydlsj dzdzts o dzd w2 SO 2y QQszstsly y ldas
ckzd ftod q’LletGWSOdZJlsts zO o BHOIO. dlztctso dls j
Ml Hi ey Odzdy dzO o ZOGO dzf ftsojyd Bls 35%. vj BSGEC
MdzjH ftedBdtcOdzj Ists.

Il sOBdZdyo 2 MO fts¢OL Odd tsmdatsodizddzQ g War@ls @ 2 @
(Robinia Pseudoacacia L.)

wm wm —
7008
Tee-
G0

Y
Is
dz

v OB dzd YOz2te e 2 dzd = Ot OC Is | te d fi ls qROlfniad@s@udparatidls)® OC Oy

] 5C OL Olsj dzq ulsts? dats
SsOizsted ydztsmls, kcal / kg 4598
v jydWwdydzO0 S Odzsted ydzsfls, k 2680
1 dzi s dastiisd ) ls O dzn Ote Is, dn® 0 dzO Y 800
] dzi Is dftsen IsO B M ts oz Is dzts ) lZkg/m® M)l 760
[Bj BRZO § dzi sesfls, kg/ m 475
{ Misj Mise j &zO o dzOy detsMmls, % 35
1 jfjzdzs fi Hi ey Odedj, % 2,5
[ OS] BOd&zdzO s B j 6OlskzteO dal 780

1 dzi Isdetsfls

dbSCOYydqwiso j odH HitoajMddzO M odMmMsC O  ddz®dAst)ls.
fwmzd MCO ls HI BO. 1 & Isdesisls® dzO@ BW &zOSO 0OCOydw
kg/m?®, O o OBMtsdz Isdets | fiJ6Orkgm’Mi B Odzdhp 52 Mlse s Mmj vy
fdz sdeslsts HI top Bo dttis,tcdL HfsOL 9 O-H Is tztf tz RO YA tsffts 0 | Y H O
ol cdzd M ©. Ol dff Cls@iEs Mils dz2O0 OCOYydwlsO fsLoasdzvo9 O HO
ftosmMstcOdeMiso ©. [ Hddze SkBdujdz BjIsi 6 OCOyYydjoed HI to
CeedydimMéd dBibtcO BtojLO dqdzd tsylsd He O CkBdyded o3

IfmMwers JjHdts HI tcotslss &30 dGdesc ts56C dzksls i@ j alzdzAc
wlsj dzd Is § zZO Hi tco j MdzgOIs O MkeMlsOdyd” dJqettOwvls tisd
Hi coBBlsts. wl Blsojlsdes fted oMWCO fstesHO d o©dH HI f
cOL BJtcd dO CdzjlsCdlsy o90ttdtcOls, o twjLEZdlsOls doO ¢
hj Bl Hjlzda@zts, COCIts d ttOL dzd ydetslsts f dzi Isdetsfyls dzO H

l kOBd&dyo 3 | ftCOL O0dzO { dzi RobzmPielsddacatz®L.)s wigzO Is C
tcOL dzd ydets i HiI ty.0dedj dO o dZOc O
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vOBd&Zd YO dzB s dztsisls © dzO B '‘Robibils Gsev@dacaaipdlv) (fp tOL dzd yd
i Hi tey Oded jO dzO o dzO@

] &zOy detsi 15 20 25 30 40 50 60 70 80 100 * w9

1 dzi Is dzts
kg/m?®

*do jNidew Mdes Slsfyj yj des HI tco ts

810 830 840 860 930 990 1060 1190 1300 1330 1030

] &zOY detsfisls©® detcOj 90y dz0 tesdv o kW dzOlsO
Hi e | Nd&Zz0O. 1 5OH] MBPEFEER®OSE® Wwe | &6y o Rlzj
fdzi sSdesmlsls®O dzO@ HI o j M dzOISO M hts My ko dzd yooe 0.
fdzi sdetsMislsO dz0 Hi oo J Q& HROzEOE Qls 4 e sdsnlsj dzO -
1330 kg/m®*f toof dzOY dztsyls dzO HI10%.j I d dzOls O

1 jfjdzdets M Hi toy Odad j
4l HIi ey Odgd jIss dzO@ i jdz tsftcj Hjdzw ftesyd dzls O
Hi to OISO L O BGetej 9. vsLd sCOLOIjdz Mddzdzs L Os dMm
CsteOIsO. 1 jf§fjdzdes Mi HI e Odedjy d2O BW dZOISO OCOydvw j
1 W ZzOBOOYNjY fteduydmdzw e O Ci d3 Is. dzOrtep 0 SAdz)dzd 1o e jOf
o dHBO d o MistcOdzd Is § Zz0 EZdj toj dzdw fswf - Mmj J
fjtemf jSIsdodedlsjy L O Mi LHOeaOdzj dzO ddalsj deL do ded o d
Cedzszted. ww jJ o Mfdmi €O dzO Mstsf OdzmM S d yd deded Is
Sl dzj WL @§ &S 4, 0% sl csEeMCdy WodH. 1 j2dsks L
2 tc Ofls j d Mistsf OdzM ¢ d Y 4 deded Is § ¢oyj mso O dz0
OLtslsWdeMdteOh OO M sMtse dztsMmils, § dzOMIsdydesmislsO s
Emss2 ydosmlss® dzO@ otHj d HOt S sdzdzQ ©og thipg @ dd W
ftecjHYfBYdlsOdz adH ftod LOdzjmMwveOdedw L O fHftesdL oatsHMmI
2O dzOtlzh j dzd Isj tog dzd .
Rdzls j dzL d o detsilsts  dzj MstcOL 9§ X H O-daP tc Afitds(oH@ B[ 8 © dzBfnjjc
Mo jlsodetslsts estemMCts d LjdBjHj dzZMEts Mistsd QS BEBOL dsc
Hi tcotsftcjtcOBSIso O O 1 teusjdfufls sz thatsdn Isdzj ¢ ©2Mj dL f sdL o
MsOlsse d M ddzisj dzL do j dz tcOMmiIsiy o dBEZOHO 9ol L tcOMml
O ¢ Oy Rgobinig pseudoacacia L.) S OCIsts dzj 2 ded sy CkdzZsde Oted. ww |
fcj Cd d CtMmejdad HtsdzjL desfylsd, Ctsdlts W ftwOQowWl Iz«
fuj zOtemsets d dzj Msd3] zd Ot Oo suls] dzizd gz Hls § gz
odHBOe ] o EkffzcadWIlsO dz0 O daf daiaflsj o sAciddzdapmls 5 dze
dlstsf OdzMC sls s L dBOYWdEQ MO0 ©ftcj H) dzv s HI .o §
d2v ¢ 52 COyjMmejded fBCOLOIsjdzd ftojol LAasEYHO HI BfSH
jdzij e jIsdS OO, Mstetsd s j dzfflso slsts, Bj Bj dzdeslsts ff to
bed StOmdd. [dnsOk0 2 M@ 6d@EeuxL o Ol dp Bls fzts o i
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1 06 dzs yj ded §

1. [ dzditeecd2dzdlsy Ckdzlskzted MOO Ofsty dodzaOtsH gl alts dz® t
Jdzj CSlstedyj Mlseats. v tMdecktew e Ol kMmdzcedw L O HJo j to
9 tslsHj dzdzd Is j MistcOdzed O & d MO 90yjdz WOCIt
MtesoddzdzdIsy toj MztemMd, MJ azMitlts d s sk®. mMistst

2. V9 j &zd y©o Odzj Ists dzO HjdzO dzO0 o L sBdzEtso W j d&3] Is
BdtsdkOMOIs O, hj HIS® jJ H HtS L OB Oo W dzj z0 dOtcOfmls:
OsdtsMW j @HEOL o OdiJulsysj dzOtcd 2" jABYNH | HB twL s dzOBOd
ol cdzj esHdzd sy JBIMdd, LOsHEGgtcPdzy SOOI idzg 20 dzdzts Is s

3.1t HINIs 0o jdfpdztsy @ddisijtcc d 2 dzgd ~ OtcOCIsjtedMmisd S d da
(Robinia Pseudoacacia L.) d M @fs ¢ OL @dzggd H d d3Mis o @ls @ ts tztc o E@&EBjWISHO
OC Oyd@rdzj tcc di g szd .

4. 1 W dzOIs ©  ORoldnmipd pseudoacacia L. J kPtcOdzdL JtcOdz o dH fn
Mstsf OdzM € ts L dzOy4d dzd J , Cs21sts fndzj He O HO f totSHI
9l LMsOdztsoweo Odzgj d2O HJjGCtOHJOdd Isjtejded d ftetsdlL
sedzj H dzj ftej €1 MdzOIsts dzOtcOMlso O slsts  § tslste B dzj dzd J§
Mo jIstse j dz BON OB .
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Abstract

The article presents the justification for planting a walnut orchard in the northern
regions of the Russian Federation. The experiments were conducted in the Moscow region
on a garden plot that has not been processed for more than 5 years. The following
varieties of nuts were used: walnut (Juglans regia) variety Belarusian bunch (Belarus),
walnut (Juglans regia) variety "Kocherzhenko" (Ukraine), Siebold nut (Juglans sieboldiana
Max., syn. J. ailantifolia Carr.) (Russia-Japan) and heart-shaped nut (Juglans ailantifolia
var. cordiformis Max.) (Japan). The possibility of obtaining healthy seedlings of various
varieties for the distribution of walnut in the Moscow region of the Russian Federation as a
garden culture is shown.

Key words: nut plants, walnut, fallow, anthropozem, walnut orchard.

Introduction

Today, the leading walnut producing countries are China, USA, Iran, Turkey, Mexico,
Ukraine, Chile, Romania, Uzbekistan and Greece. However, if in China high volumes of
production are obtained due to large areas of walnut plantations, then in the USA, where
98% of plantations are located in the state of California, the emphasis is on the
intensification of the growing process (Biganova et al., 2020).

The regions of walnut growing in Russia are traditionally the North Caucasus and the
South of Russia. Almost 70% of the total production of walnuts is harvested in the
southern regions of Russia. From 12-year-old trees in the Krasnodar Territory, 24-28 kg of
walnuts are harvested (Kornienko, 2022).

In Northern Russia walnut growing is mostly amateur. However, in nurseries you can
find a large variety of nut seedlings. Nevertheless, the main forest-forming species in the
forest fund of the Russian Federation: larch, pine, spruce, cedar, oak, beech, birch, aspen
T more than 90% of forest lands. Other tree species (pear, chestnut, walnut, Manchurian
walnut, etc.) i occupy less than 1% of the land. It is believed that hazelnuts contain less
fat (less than 65%), but they get sick less and the quality of nuts is higher (Alrmashdi,
2013).

The main distribution of forest vegetation falls on the territory where the temperature,
in the month of July, exceeds the mark of ten degrees Celsius. And at the same time there
is sufficient hydration (Sokolova and Mamontov, 2016).

Materials and methods

According to observations of the Main Moscow Botanical Garden of Academy
Sciences (GBS), the collection of nut-bearing plants of which has existed since 1978, there
are stable specimens with the greatest frost resistance, almost not damaged by diseases;
trees with minor damage, slightly affected by diseases, but multi-stemmed, sometimes
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with basal growth; trees that are poorly resistant in the climate of Moscow, in varying
degrees degrees affected by diseases that have passed into a stunted, bush-like form and
have lost the ability to form fruits.

In the botanical garden, an undersized perishable form of the species Juglans regia
was revealed. The prospects of further distribution of walnut, especially of early-fruiting
forms, in the Moscow region as a garden culture are shown. Regions from the places of
natur al growt h, the pa halimitferlits ezistence,SiAce imdividuzl.
Juglans regia trees are found beyond the Arctic Circle (Shekhmirzova and Bzhetseva,
2014).

As the practice of cultivation shows, the walnut has made significant progress in the
northern regions. So, in the walnut grove of the flora department of the GBS, about 70 kg
of nuts are obtained, without special care, which means the success of the introduction for
the Moscow region. In some years, with proper care, the yield of walnuts is 100 kg per
tree, without care and with a lack of sunlight, it can decrease to 5 kg per tree. According to
GOST 16832-71, nuts correspond to the first commercial grade. The decisive factor in the
cultivation of walnut is considered to be good illumination and protection from strong winds
that cause damage to the bark and diseases of the trunks (GOST 16832-71).

Despite the very small percentage of nut-bearing in the northern part of the Russian
Federation, nuts are grown in private subsidiary farms (private farms), sometimes quite
successfully. And the lack of industrial nut orchards is associated with a lack of data and
the lack of adapted agricultural machinery.

Taking into account the adaptive abilities of walnut, climate warming and the need to
develop deposits, the authors of the article set out to lay a walnut orchard in the Moscow
region on a garden plot that has not been cultivated for more than 5 years. For further
development of agrotechnics adapted to the conditions of the region.

The seedlings were obtained from nuts purchased from enterprises specializing in
the collection, storage and transportation of seeds from different regions of the Russian
Federation. After three months of stratification in humid conditions at temperatures around
zero degrees Celsius, seedlings were obtained with a height of about 20-25 cm, having
from 4 to 6 well-developed leaves.

Sowing was carried out at the end of April 2023. The soil of the experimental site is
an anthropozem in the forest zone of the west of the Moscow region. In general, the terrain
is composed of water-glacial sands with layers of loam and sandy loam, on which sod-
medium- and sod-strongly podzolic soils are formed in higher areas, and gley i in lower
ones. In the soil of an experienced participantin the soil of the experimental site, there are
both spots of podzolization and gluing.

The plot has not been processed for more than 5 years. There are inclusions of trees
burned in a fire. The plot is covered with grassy vegetation (mainly lupin and ashweed).
There is a birch-spruce forest around the experimental site. A shallow forest river is 50
meters away.

Results and discussion

Taking into account the climatic indicators of 2022 (Table 1), as well as the
impossibility of tillage by machinery due to woody growth, stumps, a large number of cut
branches, it was decided to plant seedlings directly into the ground, without any tillage.
The sod layer was about 10 cm. The anchor root of the nuts at the time of planting was 25-
30 cm with a slight branching in the upper part.
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Table 1. Climatic conditions of 2022 at the experimental site, which is located in the west
of the Ruza district of the Moscow region

Month g\ilre tr:r?]f)graaﬂ:g? tempé\r/:trl?rgeea?i;ight, Number of quber of P_recipita-

oC oC sunny days rainy days tion, mm
January -6,5 -11,3 0 3 23,47
February -3,8 -9,4 0 3 24,24
March +0,2 -6,1 1 6 24,39
April +9,8 +1,1 8 12 27,42
May +18,8 +8,3 17 13 32,75
June +21,4 +10,6 17 12 33,13
July +24,6 +13,5 16 12 23,87
August +23,2 +12,3 23 9 17,42
September +16,0 +7,7 12 10 21,78
October +7,5 +1,9 6 11 28,84
November +1,5 -1,9 4 9 25,98
December -3,1 -7,0 1 5 31,47

During the growth process, the seedlings were surrounded by grass, which was
mowed 2 times per season and only partially and only after the end of flowering. It was
assumed that the natural vegetation of the site is a fodder base for possible pollinators in
the future, and the grass retains moisture, accumulates dew in the morning and evening
hours, which creates a favorable microclimate. Watering was carried out 3 times per
season and only when the period without rain was more than two weeks. Well water with
dissolved phosphorus-potassium fertilizers was used for irrigation. Since it is planned to
obtain stunted trees, and the site was a multi-year deposit, it was decided not to use
nitrogen fertilizers in the first year of cultivation.

The growing season was characterized by the following climatic indicators i Table 2.
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Table 2. Climatic indicators of the growing season of the experimental site, in the west of
the Ruzsky district of the Moscow region in 2023 (according to the Vnukovo weather
station)

Average daytime  Average air

. Number of Number of Precipitation,
Month air temperature, temperature at P

oc night, °C sunny days rainy days mm

April +6,2 +4,0 5 1 85,9
May +18,0 +5,3 13 10 121,6
June +20,5 +10 15 11 103,7
July +25,8 +15 10 15 132,7
August +25,9 +15 10 9 59,2
September +20,1 +10 13 0 55,7

By the end of the growing season (early October), the plants reached 50 cm in
height, had 7-8 developed leaves, buds in each leaf axil, some have 2-3 apical buds, and
a woody trunk up to the first leaf, Fig. 1.

Figure 1. The condition of seedlings at the beginning of October 2023
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Chemical means of protection were not used. In early October, the circle around the
tree trunk was mulched with sawdust.

In general, the climate of the area is favorable for laying a walnut orchard. A steady
temperature transition through 0A irbegineingsf
April. In winter (especially in December and February), thaws are frequent, caused by
Atlantic and (less often) Mediterranean cyclones. They are usually short-lived, their
average duration is 4 days. Days with frosts are recorded even in the summer months with
the exception of July and August. The duration of the vegetative period is about 180 days.
The average annual wind speed is 2.4 m/s. The maximum of the average monthly wind
speed is observed in February and November, reaching a value of 2.9 m/s, the minimum 1
in July-August i 1.6-1.8 m/s (Gismeteo.ru).

In recent years, the timing of frosts has been postponed, and the frost-free period is
increasing. In the conditions of the modern climate, frosts do not have such a negative
impact on trees and shrubs as before, however, their influence cannot be excluded.

A similar situation was observed by researchers in St. Petersburg. When comparing
the date of the onset of frosts in the XX century (a period of 21 years for 1980-2000) and
for the same period in the XXI century (2001-2021), it turned out that the average end date
of spring frosts in the XX century was April 29. And accordingly, in the first two decades of
the XXI century i April 23. That is, a change of 6 days. in the direction of their earlier
termination. Accordingly, in the fall, the change from October 15 to October 19 1 that is, an
extension of 4 days. The total lengthening of the frost-free period for these two groups of
years is 10 days (Firsov, 2022).

The phenomenon of dichogamy characteristic of nut-bearing plants has a strong
effect on yield. So, in the experiments of 2010-2014. In the Krasnodar Region, researchers
have shown that the flowering period of male and female flowers on protogynous trees is
longer than that of protandric trees. The yield of protogynous individuals was 10-15%
higher than that of protandric individuals. It is noted that the duration of flowering of
pistillate flowers is significantly influenced by weather conditions during the flowering
period. In particular, a relatively moderate air temperature, 16-19°C, and a relatively high
relative humidity of 80-90% stretch the flowering period for 7-8 days. In dry years (average
temperature 19,5°C, humidity 62%), the duration of flowering of male and female flowers is
5-7 days shorter than in optimal flowering conditions. Dichogamy was not observed in
most trees.

On average, the time interval between the opening of heterosexual flowers, both on
protogynous and protoandric trees in different years was 3-7 days. The period of
simultaneous flowering and staminate flowers within one individual was 1-4 (2) days. In
5% of individuals, the flowering of pistillate and staminate flowers did not coincide at all.

At the same time, there was not a single form with a mixed (polygamous) type of
flowering, when the flowering period of staminate and pistillate flowers of one individual
would completely coincide. In walnut, this type of flowering is noted in 8% of trees;
therefore, walnut nuts are characterized by increased and stable fruit yield. In black walnut
trees with the maximum period of coincidence of heterosexual flowers, the yield over the
years was higher and more stable than in other individuals.

Observations of the development of nut-bearing plants at the experimental site,
which is located in the west of the Ruzsky district of the Moscow region in 2023, showed
well-developed buds in all nut-bearing seedlings (Fig. 2).
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Figure 2. The condition of seedlings at the end of October 2023

This laid-out garden is a collector's garden and further observations of the
development and growth of nut-bearing plants are necessary to decide on the laying of a
full-fledged garden. When laying the garden, the varieties presented in Table 3 were used.
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Table 3. Types, varieties of nuts used at the experimental site in the Moscow region

Types,varieties

Walnut
(Juglans regia)

Walnut (Juglans
regia) variety i

Siebold nut (Juglans
sieboldiana Max.,

Heart-shaped nut
(Juglans

of nuts is a Belarusian Kocherzhenko syn. J. ailantifolia ailantifolia var.
grape variety. Carr.) cordiformis Max.)
Bred in the Bred by breeder I.E. | Sakhalin, the Kuril
o north of Kocherzhenko in Islands and the Japan
Origin Belarus Kiev, based on the | mountain forests P
Ideal variety of Japan
Maturation . . : .
velocity Early maturing Early maturing Early maturing [
Growth 3.0-45m 1.5-3.0m 15.0-20.0 m 7.0-12.0m
Cluster-
Cluster-shaped, 2- Cluster-shaped, i
Fruit shape sh_aped,_ 56 11 piecesin a up to 20 pieces in _Bunc.hy, 8-12
pieces in a bunch a bunch pieces in a bunch
bunch
The first
flowering In 2-4 years In 2-3 years In 5-7 years In 6-8 years
Crown Shape Spherical Sparse compact Ten};iiped’ Wide-ovoid

Self-fertile, it is

) We need a Self-fertile, it is Self-fertile, it is
The need for a desirable to . . .
. pollinator, a tree of | desirable to plant | desirable to plant
pollinator plant a second it i | I
plant a different variety a second plant a second plant
M?)tg;?)gon September August-October September September
Tender, buttery | Pronounced (tart Characteristic of Characteristic of
Taste and slightly with bitterness and | walnut, but without walnut, but
sweet hints of sweetness) bitterness without bitterness
Disease It is affected by .It s affected by
) Good Good . tinder and fungal
resistance tinder :
diseases
Resistance to . Frost-resistant, Hardy, damaged
Resistant to . !
adverse withstands frosts up only in severe Hardy
- drought
conditions to - 30 degrees frosts

Yield, kg per tree

60 kg or more
for 5-6 years

Up to 40 kg for the
6th year

For the 8th year

Up to 110 kg for
20 years

Conclusion
For more than 50 years of acclimatization of walnut in the conditions of the Moscow
region of the Russian Federation, immune and productive plants have been obtained. The
selection of walnuts is complicated by the fact that the germination of nuts is greatly
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reduced during transportation, in dry and warm conditions. The authors of the article set
out to grow a nut orchard by combining the conditions of the garden and the forest. With
minimal tillage, planting medicinal plants between trees, planting plants around the
perimeter to attract bees. This short experience has shown the possibility of obtaining
healthy, well-developed walnut plants in the climatic conditions of the west of the Moscow
region. By the end of autumn, the plants had laid a sufficient number of buds, lignified in
the lower part of the trunk, received phosphorus-potassium fertilizing in sufficient quantities
and mulched for overwintering. No additional measures were taken to protect the garden
from frost. Under the condition of successful overwintering, in the spring, observations will
be carried out of flowering and pollination of plants.
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SOIL ERODIBILITY FOR THE TERRITORY OF TRASTENIK VILLAGE, RUSE REGION
Avgusta Stepchich
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a.stepchich@issapp-pushkarov.org

Abstract

Soil erosion is among the major threats to the development of agriculture not only in
our country, but also throughout the world. The improvement of new soil processing
technologies and the introduction of new plant species necessitate the strengthening of
soil protection measures. Knowing the progress of erosion can significantly reduce the loss
of fertile soil. Both water and wind erosion are observed on the territory of our country. Due
to the flat relief of the territory of the village of Trastenik, agriculture is highly developed.
The land is characterized by weak to medium wind erosion. In this study assessment of
soil erodibility was made for the territory of Trastenik, Ruse region.

Key words: soil, wind erosion, agricultural land.
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MICROBIAL ABUNDANCE IN DIFFERENT COMPOSTING MIXTURES AT THE FINAL
PHASE OF COMPOSTING PROCESS

Bilyana Grigorova-Pesheva*, Boyka Malcheva, Biser Hristov
*University of Forestry, 10 Kl. Ohridski Bld., Sofia, Bulgaria
mail: b.pesheva@ltu.bg
Abstract
The aim of the present study is to follow the influence of an applied microbiological

additive on the microbial abundance of compost mixtures. The count of microorganisms in
the final phase of composting was reported. Three types of compost mixtures were
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prepared in two versions: with introduced microbiological additive and controls without
additive. The microbiological additive was introduced during the initial loading of the
composters. The specific parameters related to the composting process and the specific
activity of microorganisms - pH, temperature and humidity at the time of sampling - were
recorded. The total microbial count, the percentage participation of the main soll
microbiological  groups  (spore-forming  bacteria, non-spore-forming  bacteria,
actinomycetes, microscopic fungi), as well as the amount of anaerobic microorganisms in
the individual mixes, were investigated. Numbering of the microbial count was performed
by serial decimal dilutions of the material and subsequent inoculation of appropriate
selective nutrient media. Total microbial counts ranged from 7.1*10° to 9.8*10° CFU/g
compost for the controls and from 6.5*10° to 8.7*10° CFU/g compost for the supplemented
variants. In all studied variants, the group of non-spore-forming bacteria dominates. The
group of spore-forming bacteria represents the smallest share of the total microflora. The
introduced microbiological supplement leads to higher values of the total microflora in only
one of the variants. In the other variants, the controls have a higher total microbial number.
The microbiological additive introduced at the beginning of the process does not increase
the amount of microbial biota at the end of the composting process.
Key words: microorganisms, composting, cooling and maturation phase.
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Figure 1. Percentage participation of individual groups of microorganisms
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Abstract

The possibility and efficiency of metals phytoextraction by cultivated plants and the
assessment of microbial communities state in soddy-podzolic soil artificially polluted with
Ni and Cu, were studied. Under the conditions of a model experiment mycorrhization of
plants by Glomus intraradices contributed to a significant increase in the yield of
aboveground plant biomass of white clover, variable alfalfa, broadleaf plantain. The
efficiency of Ni and Cu phytoextraction by these plants also increased significantly under
the influence of mycorrhization. Respir omet ri ¢ i ndi cators of soi l
(substrate-induced and basal respiration) were determined. Different effects of inoculation
on microbial biomass when heavy metals were added to the soil were observed.

Key words: heavy metals, phytoextraction, mycorrhization, substrate-induced
respiration.

Introduction

Contamination of natural ecosystems with heavy metals (HMs) is one of the most
dangerous factors of their degradation, since an increase in the concentration of metals in
soil leads to their accumulation in wild and agricultural plants, which is accompanied by
contamination of food chains (Singh & Prasad, 2011). In addition, high concentrations of
metals can make soil unsuitable for plant growth. Anthropogenic contamination of soil with
HM can affect not only soil microflora, but also soil-forming processes directly. Plants play
a significant role in the microbial communi ti
important to study the interaction and joint influence of plant and microbial soil components
under conditions of severe HM soil contamination. Phytoextraction is a promising and cost-
effective way to extract HM from soil using hyperaccumulator plants. When such plants are
grown on polluted soils, they accumulate significant amounts of HM, extracting them from
the soil. Hyperaccumulator plants are used in phytomining, a method of extracting metals
from mining dumps. Phytoremediation is another aspect of phytoextraction, i.e., the
removal of excess HM from soils by growing hyperaccumulator plants on them. The
efficiency of phytoremediation could be increased by inoculation of phytoremediation
plants with mycorrhiza-forming fungi. This may promote plants growth and increase their
stress tolerance.

Materials and methods

The study is based on a pot experiment with soddy-podzolic soil (Ap horizon, 0-24
cm), artificially contaminated with Ni and Cu. It was carried out in RSAU-MTAA, Moscow,
in June - August 2014. The duration of the experiment was 74 days.
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Table 1. Characteristics of the soil used in the experiment

pH (water suspension)

pH (salt solution)

P,0s, mg/kg

K20, mg/kg

Humus content,%

Base absorption sum, mmol in 100 g of soil
Clay content, %
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To model heavy metal pollution, Ni and Cu salts were applied based on a tenfold
Maximum Allowable Concentrations (MAC) exceedance (GN 2.1.7.2041-06) i in the
amount of 40 mg/kg Ni and 30 mg/kg Cu.

In all variants, 6 plant species and cultivars were sown in the pots:

Variable alfalfa cultivar L10-r (Medicago varia Mart.)

Hop-like alfalfa (Medicago lupulina subsp. vulgaris Koch)

Broadleaf plantain (Plantago major)

White clover (Trifolium repens var. Silvestre)

Red fescue cultivar Sigma (Festuca rubra subsp. rubraé Si g ma 6 )

Red fescue cultivar Yulishka (Festuca rubra subsp. rubraé Yul i shkad)

oOahwWNE

The plants were grown in 4 variants:
1. Control
2. Niand Cu salts were applied
3. Plants were inoculated with Glomus intraradices
4. Niand Cu salts were applied + plants were inoculated with Glomus intraradices

The experiment was carried out in quadruple repetition in 1 liter pots. The total
number of pots was 96 (4r6-4).

The content of HM in plants and the gross content of HM in soil were determined on
an X-ray fluorescence analyzer.

Inoculation of plants with Glomus intraradices was carried out by pre-sowing
application of shredded mycorrhizal roots of plectranthus (Plectranthus australis L.) in an
amount of 1 g per pot. In order to search for mycorrhizal formations, microscopy of plant
roots was carried out. Root samples were stained with methylene blue and examined at
11600 magnification.

Respirometric indicators of s oinducedandcbasalor gan
respiration) microbial biomass C and microbial metabolic coefficients were determined
according to the method presented in the article of Ananyeva N.D. and Blagodatskaya
E.V. (Anan'eva et al., 2002). A glucose solution was used as a substrate. Carbon dioxide
emission was measured using a gas chromatograph.

Statistical data processing was performed using programs Microsoft Excel 2010 and
CMSTAT.

Results and discussion

Microscopy of plant roots revealed the presence of mycorrhizal formations on plant
roots in variants with Glomus intraradices inoculation. Table 2 presents the results of
determining HM content in plants in variants with their application. HM accumulation by
aboveground plant parts is more important for the purposes of phytoextraction, because
underground parts with absorbed HM are difficult to extract from the soil.

21¢



LsIfTf4RrRC R O f fwrimmu rodfryvgfduvged R 1t dstrROfB/IDARC

Table 2. Ni and Cu uptake, mg/kg dry biomass

Plants Non-inoculated plants Inoculated plants
Ni Cu Ni Cu

Trifolium repens var. Silvestre, 14 19 16 19
aboveground parts
Trifolium repens var. Silvestre, roots 13 118 76 116
Plantago major, aboveground parts 92 239 44 38
Plantago major, roots 128 299 108 187
Medicago varia Mart., aboveground 10 17 16 21
parts
Medicago varia Mart., roots 59 84 34 46
Medicago lupulina subsp. vulgaris
Koch, aboveground parts 13 35 1 20
Medicago lupulina subsp. vulgaris
Koch, roots 22 46 113 159
Festuca rubra subsp. rubra "Yulishka', a1 39 255 19
aboveground parts
Festuca rubra subsp. rubra "Yulishka', 296 531 186 449
roots
Festuca rubra subsp. rubra 'Sigma’, 16 27 21 29
aboveground parts
Festuca rubra subsp. rubra 'Sigma’, 208 472 537 439

roots

Table 2 shows that when inoculated with Glomus intraradices, the amount of Ni and
Cu in the aboveground parts of creeping clover increased slightly, but it contributed to a
strong accumulation of Ni in its roots. Inoculation led to a significant decrease in the
content of both elements in both the aboveground parts and roots of broadleaf plantain.
When inoculated, variable alfalfa accumulated more Ni and Cu in the aboveground parts
than without it, but in the roots the content of these metals as a result of inoculation
decreased significantly. In the aboveground hop-like alfalfa parts Ni accumulation
noticeably increased due to inoculation, and the accumulation of copper decreased.
Inoculation of red fescue cultivar Yulishka led to a significant decrease in the content of
both Ni and Cu in both the aboveground parts and roots of plants. Ni accumulation
increased in the aboveground parts and roots (to a lesser extent) of red fescue cultivar
Sigma, while copper accumulation in both parts of plants of this cultivar decreased slightly.
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Table 3. Microbial biomass C and metabolic coefficients of soil microorganisms

Non-inoculated plants Inoculated plants
Plants Microbial Microbial Microbial Microbial
bi omass metabolic bi omass metabolic
soil coefficient soil coefficient
Trifolium repens 1516RN3¢ 0,01 563RN12 0,02
var. Silvestre
Plantago major 3629N47 0,00 235N12 0,02
C
o . . . .
= Medicago varia 2737R6¢ 0,00 32964 0,01
9o Mart.
g Medicago lupulina B .
© subsp. vulgaris 4227N2¢ 0,00 6598N5¢ 0,00
% Koch
5 Festuca rubra N N
g subsp. rubra 2819 N2( 0,00 4897N3¢ 0,00
= '"Yulishka'
=
Festuca rubra _ _
subsp. rubra 3391N2: 0,01 7004 N7E¢ 0,00
'Sigma’
Trifolium repens 5020K4:¢ 0,00 2713 N33 0,00
var. Silvestre
Plantago major 2026 N4 ¢ 0,01 2160N2¢ 0,00
Medicago varia 1325R4 ¢ 0,01 7736KR6¢( 0,00
g Mart.
§  Medicago lupulina i )
= subsp. vulgaris 1072N1c¢ 0,02 1767N4 0,00
=3 Koch
% Festuca rubra N N
subsp. rubra 1707N2c¢ 0,01 3659 N5: 0,00
'Yulishka'
Festuca rubra N N
subsp. rubra 2758N2: 0,00 2423N2¢ 0,00

'Sigma’

Table 3 presents the results on microbial biomass C and metabolic coefficient of soll
microorganisms under plants. In all variants, statistically significant differences from the
control were identified. In variants without the addition of HM, inoculation of white clover,
broadleaf plantain and variable alfalfa plants led to a decrease in microbial biomass under
the plants. Inoculation of hop-like alfalfa plants and both cultivars of red fescue, on the
contrary, contributed to its increase. In variants with the addition of HM to the saill,
inoculation of only white clover plants led to a statistically significant decrease in soil
microbial biomass. Also, only in the soil under white clover did the microbial metabolic
coefficient increase when plants were inoculated, although it did not reach a value
indicating an unfavorable state of the soil microbial cenosis. In the soil under other plants,
under the influence of inoculation, microbial biomass either did not undergo statistically
significant changes (as in the case of broadleaf plantain and red fescue cultivar Sigma), or
increased significantly (variable alfalfa, hop-like alfalfa and red fescue cultivar Yulishka).

221



LsIfTf4RrRC R O f fwrimmu rodfryvgfduvged R 1t dstrROfB/IDARC

No relationship was found between soil microbial biomass and the amount of heavy
metals accumulated in plants. The microbial metabolic coefficient, which is considered an
integral indicator when assessing the state of soil microbial cenoses (Anan'eva et al.,
2002), had a value of <0.1 in all experimental variants, which indicated their high stability.
From this we can conclude that application of Ni and Cu salts to soddy-podzolic soil in
amounts ten times higher than MAC of these metals did not lead to destabilization of the
microbial cenosis of this soil. It also follows from the results obtained that inoculation of
plants with mycorrhiza-forming fungus Glomus intraradices did not cause destabilizing
changes in soil microbial cenosis.

Thus, under the conditions of the pot experiment, differences were revealed in the
effect of inoculation with Glomus intraradices on the microbial biomass of soddy-podzolic
soil under different plants. Among the crops, white clover stood out; its inoculation led to a
decrease in microbial biomass in the soil under the plants. This decrease was observed
both in variants with and without the addition of HM into the soil. Also, a noticeable
decrease in microbial biomass in the soil without the addition of HM was observed under
broadleaf plantain during its inoculation. However, in the variants with their addition, the
opposite results were noted - microbial biomass increased. These changes in microbial
biomass may be associated with the pulsating nature of fluctuations in the number of
microorganisms under the influence of various factors, such as photosynthetic activity of
plants (Panikov et al., 1988). At the same time, both in the variants with and without the
addition of HM, the microbial metabolic coefficient during inoculation did not exceed 0.1,
which indicates the high stability of soil microbial cenosis. In addition, the different effects
of inoculation on microbial biomass when heavy metals are added to the soil can be
explained by changes in the structure of soil microbial cenosis under their influence. When
HM are added to soil, the suppression of the development of some types of
microorganisms leads to a significant increase in populations of others that are more
resistant to effects of HM, for example, the fungal component of soil microbiota. The
application of mycorrhiza-forming fungus Glomus intraradices can also be a stressor for an
already established soil microbial cenosis. In turn, soil fungi synthesize phytohormones
when forming symbiotic relationships with plants (Smith & Read, 2008). Researchers note
the different effects of phytohormones on the accumulation of HM in plants (Yakhin et al.,
2014).

Figure 1. Plant biomass, mg (average per pot)
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