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ABSTRACT

The control of heavy metals in such way that soil function and product quality are not impeded is a prerequisite to
sustainable agriculture. Growing anthropogenic fluxes of toxic heavy metals in agro-ecosystems affect on purity of
farm products and soil fertility.

In the article we describe a field experiment — cultivation of potatoes on soil with a medium level of pollution /
Zn, Cu, Pb, Cd etc/. We studied the most toxic of them — Pb and Cd; as well as the possibilities for reducing their

phytoavailability and accumulation in potatoes tubers, applying soil amendments.
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PE3IOME

KOHTpOBT BBPXY TEKKHTE METaJH, OCBHIICCTBIBAH Taka, Y€ Ja He Ce HapyllaBa MOYBEHATa (YHKIIMOHAIHOCT U
KaueCTBOTO HA MPOAYKIMATA, € BaXKHO YCIIOBHE 3a Pa3BUTHETO HAa YCTOWYMBO 3emenenue. Bce mo-HapacTBamure
TEXHOTE€HHHU TIOTOLM OT TOKCHYHH TEKKH METAJIM B arPOCKOCHCTEMHTE, [TOCTABSIT C BCE MO-TOJISIMA OCTPOTA BBIIPOCa
3a YUCTOTATa HA 3eMEIEIICKATa MPOIYKIIMS M TIOUYBEHOTO ILIOAOPOIHE.

B Hacrosimara myOnuKkaims ca mpoyueHH Bb3MOXKHOCTHUTE 32 OTIISKJaHEe Ha KapTo(U BHPXY MOYBH, ChC CPEIHO
HHBO Ha TOJUMETATHO 3aMbpcsiBane ¢ MUHK (Zn), mex (Cu), omoso (Pb), kammuii (Cd) u mp. OOekT Ha MPOyIBAHETO
ca Hal-TokcmuHUTE OT TAX — Pb 1 Cd, kakTo 1 criocoOu 3a HaMasIBaHe Ha TIPEHOCA MM B PACTCHUATA U HATPYIIBAHE B
KIIyOeHUTE Ha KapTo(hUTe, Upe3 U3IOJI3BAHE HA PA3JIMIHH ITOYBEHU JOOABKH.

KNKOYOBW OYMU: onoBo, kagmuit, KapTodhu, 3aMbpcsABaH Ha NoYBaTa, pemMeauauus
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NnoAPOBHO PE3IOME

[TouBeHOTO 3aMBpCSIBaHE C TEXKKH METAIN € Io0aeH
npobiiem. B P bearapusi mpeobnanmaBamiara 4act OT
3aMBbpCEHUTE TIOYBH ca KoHTamuHUpaHu ¢ Pb u Cd [13].
Te3u meTanu, OCBEH 4e ca Hail-MacOBUTE 3aMbPCHUTEIIN,
Cce OTIMYaBaT C BHCOKAaTa CH TOKCHYHOCT 3a XOpara,
JKUBOTHHTE U pacTeHusta. Hapen ¢ TokcuunocrTa cu Pb
u Cd mposiBsiBaT BHCOKa CIIOCOOHOCT 3a OMOMOCTHITHOCT
u OMOKYMYJTAaTHBHOCT B PACTCHHUATA, OTIVICKTAHU 3a
xpanuTenHu Hykau. Kaprodure ca eqHu ot KyaTypHHUTE
pacTeHHATa C BHCOK OWOKYMYJIAQTHBEH IIOTCHIHAII,
CIIPSIMO TEXKUTE MeTau[6].

B ToBa wu3cienBaHe MPOydHMXME CIIOCOOHOCTTa Ha
kaprodure na omiarar Pb u Cd B kiyOenute cu, npu
OTINISKAAaHe B PalOH Ha MHJIYCTPHAIHO 3aMbpCSIBaHE
— B Onu3ocT 10 KOMOMHAT 32 JOOWB Ha LBETHU METaJIH.
Bropara 3ajga’a, KoATO CH IOCTaBUXMe Oelle, 4pes
U3M0JI3BaHE Ha MOIXOISINU H00aBKM Jia IMOCTUTHEM
WHaKTHBaIMs Ha (urtomocThiHUTe (GopMu Ha Pb u
Cd B mouBata W HaMansBaHE Ha HATPYNBAHETO MM B
KapTo(eHUTEe KITyOeHH.

Berre npoBesieH TMOJCKH EKCIIEPUMEHT C Kaprodu OT
copta “Arpus’”. M3nutaxMe Bb3MOKHOCTHTE Ha 4 TuIa
NOYBEHH J00ABKH, C pa3iuuHu (QU3MYHH U XUMHUYHH
CBOICTBA, 32 UMOOMIIM3AIIMs Ha TO/IBHOKHUTE hopmu Ha Pb
u Cd B mouBara, Ipy KOHKPETHUTE arpOMETEOPOIOTUUHH
ycinoBust ( Ta6n.3) bsxa oT4eTeHM KakTO TOTAJHUTE,
Taka W TOABWXHUTE (GOpPMH Ha TOKCHYHHUTE METalH
B mouBara(Tabm. NeNe 1,5). IloBeweto OT moOuBEeHHTE
N00aBKM — TOKazaxa 3HAYMTEIHO HaMaysiBaHE Ha
HarpynBaHeTo Ha Pb, cipsiMo KoHTponHMs BapuaHT. [1pu
BapuaHT Ne2 ce yCTaHOBHM €QHOBPEMEHHO HaMaJCHUE
Ha Pb n Cd B xiyOeHuTe MOJ MPEACTHO JOIYCTUMUTE
canutapau HopMmu. [Ipocienen Oemie U GU3HOTOTHUHUS
epeKT OT TpWIAraHUTe T[OYBEHU JI0OABKH BBPXY
tectoBara Kyirypa(Taom. Ned ).

INTRODUCTION

Adverse changes in environment and ecological
conditions, as result of anthropogenic impact, become
more and more tangible and menacing. Soil contamination
with heavy metals is a precondition for their accumulation
in agricultural produce [6, 13]. The high persistence of
toxic metals, their mobility and toxicity make them one
of the most dangerous contaminants of the environment
[2, 7]. Because of that, cultivation of unpolluted plant
production in agricultural sites fouled up with toxic heavy
metals becomes increasingly important [1, 12].

There are known many different methods for this
purpose (soil remediation technologies): S/S remedy
[10], soil enrichment with organic matter [4], physical
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and chemical immobilization [9], phyto- and microbial
remediation [8], electrocinetics, vitrification and many
others. Selecting the type of soil remediation one has take
into consideration plenty of different factors: breeding
plants, agromerheorological conditions, pH, type and
characteristics of the soil, characteristics and levels of
contaminating metals, etc.

In this studying, we aimed to investigate possibilities
of some basic remediation techniques (enrichment with
organic matter, testing new materials for physical and
chemical immobilization of toxic metals). The first goal
we put was decreasing the transfer of heavy metals from
soil to plants and breeding of unpolluted plant produce.
Remedy techniques we applied in this way to cause
no injury of soil, normal plant development and soil
fertility.

MATERIALS AND METHODS

We examined two of the most widespread and toxic
polluting heavy metals — Pb and Cd. As a test plant,
we chose one of most important agricultural culture
— potatoes (Agria cv), known with their ability to
accumulate heavy metals [11, 14]. The field experiment
was carried out during 2003 on a parcel of 1 da. It was
situated on 1,6 km from source of polluting / nonferrous
works near Plovdiv/. Type of soil is Fluvisols, sandy
loamy. Erosion and saltiness were not finding out. Some
basic soil parameters
/ layer 0-30cm/ are shown in Tabl.1.
Experiment was conducted in five variants, in three
reiteration every, on parcels of 20 m?> each. Parcels
were located after randomization. Remedy techniques
were applied in this way to do not impede normal plant
vegetation, soil microbiota and multifunctionality.

In every experimental variant / except control — Ne
1/ we introduced in soil different material, purposely to
decrease transference of heavy metals through the chain
soil-plant-plant produce.

Description of the experimental variants:
- var. N1 — untreated soil;
- var. N2 — bio mass was amended to soil in
amount 4 kg/m?;
- var. N3 — an agent / containing S*"ions/ with
light alkalescency( pH,, = 7.5) was amended to soil, in
amount 25 dm’/m?, like 0.005% solution;
- var. N4 — a material with chemisorption’s
characteristics was amended to soil in amount 10 kg/m?;
- var. N5 — an acid agent / containing PO * ions/,
with pH,, = 2.1, was amended to soil, like 0.16% solution,
in amount 25 dm?/m?.
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Table 1. Soil parameters of experimental site

pH Humus ES -5 Salts Mineral N PO, K,0 CO.”
- % - % mg % mg % mg % %
6.87 0.82 181 0.059 0.75 5.75 35 8.5
Table 2. Heavy metal levels in soil
Ta6:1.2. HuBa Ha ToTamauTe GOpPMH Ha TEKKH METAIU B TIOYBATa

Pb Cd Cu Zn Mn

mg/kg mg/kg mg/kg mg/kg mg/kg
Background 22 0.08 23 70 -
Variant Nel-
control 163 4.4 97 408 1094
Levels after
amendment:
Variant Ne2 166 4.6 100 412 1109
Variant Ne3 160 43 94 406 1074
Variant Ne4 161 4.3 95 407 1066
Variant No5 163 4.2 97 406 1080
UL 80 3 260 340 -

Soil amendments were applied 45 days before planting
of the potatoes [4, 9]. Plants were cultivated acc.
accepted in Bulgaria agricultural technologies for middle
early production.

Soil and plant samples were collected acc. BDS 17-
45.01/85. Potato tubers, before analysis were thoroughly
washed up with drinking water and after that with
deionized water. We analyzed total contents of heavy
metals by “pseudo-total” method, acc. BDS 17.4.4.03-
80. Measuring of metal quantities was accomplished by
AAS. Mobile metal forms in soil were analyzed with
AAS,
in 0.05 M Na, -EDTA extract.

During the vegetation were kept under observation
fenelogical indicators (acc. Instruction for fenological
supervision of IHM) and biometrics (acc. Instruction for
agro meteorological supervision of IHM at Bulgarian
Academy of Science). We also rendered an account of
agro meteorological conditions on the basis of which
different indexes were determined. Physiological indices
(photosynthesis speed and transpiration intensity) were
measured in blossoming stage, on first intact leaf, by
portable photosynthetic system LCA-4. Qualitative
parameters of produced potato tubers / dry weight, vit C,
starch and etc./ as well were read.

RESULTS AND DICUSSION
Background levels [acc. 2] of heavy metals in soil as
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the quantities before and after amendment are present in
Tabl.2.
Agro meteorological conditions in vegetation period are
shown in Table. 3.
Obtained physiological data are presented in Table 4.
Levels of mobile( Na2EDTA) forms of heavy metals in
soil are included in Table 5.
Heavy metal content in potato tubers for different variants
is presented in Table 6.
Analysis of data from Table 2 shows that soil amendments
did not pollute soil additionally with heavy metals.
Photosynthesis speed and transpiration intensity / Tabl.4/
are highest in Var. No 5 — because of stimulation of
potato plants in consequence of strengthened phosphorus
nutrition of plants in this variant.

Levels of mobile forms of heavy metals in soil / Table
5/ are:
- for Pb — highest in Var. Ne 3 / 135% compared
to control variant/ and lowest in Var. Ne 4 / 83% in
comparison with control variant/;
- for Cd — highest values are fixed for Var.Ne 5 /
108% compared to control variant/ and lowest for var. Ne
4/ 75% in comparison with control variant/.
Contents of toxic heavy metals in potato tubers/ Table
6/ are:
- for Pb — highest in Var. Ne 5/ 106% compared to control
variant/ and lowest in Var. Ne 4 / 53% in comparison with
control variant/;
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Table 3. Agro meteorological conditions during vegetation period
Tabi.3. ArpoMeTeopOoIOrHYHH YCIOBHUS TPE3 BEreTAI[OHHHUS ICPUO]]

Indexes * v % VI VI VIII X
t(°C) 11,0 19,7 24,6 25,7 26,0 18,8
R (mm) 83,8 85,6 18,6 422 7,9 24,8
r (%) 64 69 62 54 54 59
HTC 2,53 1,40 0,25 0,53 0,10 0,44

Table 4. Physiological parameters
Tabn.4. pU3NONIOTUYHU TIOKA3ATEITH

Variant Photosynthesis speed Transpiration intensity
umol CO,/m*/s mmol H ,O/m?/s

Variant Nel- control 10.11 1.72

Variant Ne2 10.62 1.74

Variant Ne3 10.60 1.73

Variant Ned4 10.92 1.67

Variant Ne5 11.49 1.84

Table 5. Levels of mobile forms of heavy metals in soil (mg/kg)
Tab6n.5. HuBa Ha nojsmkHuTe (HOPMHU Ha TEKKHUTE MeTau B noyBara(mg/kg)

Variant Pb Cd Zn Cu Mn
Variant Nel- 8.828 2.965 68.955 51.300 146.88
control

Variant Ne2 7.945 2.342 48.047 49.660 125.31
Variant Ne3 11.200 3.621 46.520 48.170 112.75
Variant Ne4 7.352 2.250 42.883 32.437 96.709
Variant Ne5 9.557 3.211 66.091 40.434 90.421

Table 6. Contents of heavy metals in potato tubers (mg/kg fresh weight)
Tabi.6. ChabpikaHue Ha TSKKH METANU B KITyOeHHUTe Ha KapToduTe (mg/kg cBexa Maca)

Variant Pb Cd Zn Cu Mn

Variant Nel-
0.595 0.0395 1.33 2.05 3.22

control
Variant Ne2 0.454 0.0225 5.78 1.73 1.72
Variant Ne3 0.442 0.0423 6.99 5.91 3.23
Variant Ne4 0.318 0.0434 7.45 4.62 6.47
Variant Ne5 0.632 0.0431 8.82 3.39 1.65
UL 0.5 0.03 10 10 -
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- for Cd — highest values are fixed for Var.Ne 4 / 193%
compared to control variant/ and lowest for var. Ne 2/
43% in comparison with control variant/.

DISCUSSION

1. Applied amendments do not enhance heavy
metal contents in soil and do not disturb growth of
potatoes, under concrete agro meteorological conditions.
2. In the presence of multimetal contamination,
soil amendments decrease Pb content ( toward control
variant) in tubers at Variant 4, followed by Variants 2 and
3. In any of these variants, Pb is below UL.

3. Decreasing of Cd levels in potato tubers, below
UL and control variant, is proved in Variant 2.
4. Independently of agro meteorological conditions

at Variant 2 used amendment reduce concomitant Pb and
Cd levels below UL.

5. The values of other heavy metals (Zn, Cu, and
Mn) in potato tubers for all variants are under UL.
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