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Abstract

The effect of long-term mineral and organic-mineral fertilization on accumulation of
heavy metals in soil and plants was studied in stationary field experiment with
continuous tobacco cropping system. Five treatments were selected in this study,
including CK (control without fertilization), NP (nitrogen+phosphorus), NK
(nitrogen+potassium), NPK (nitrogen+phosphorus+potassium) and NPK+FYM
(nitrogen+phosphorus+potassium+manure). Total and available Pb, Cd, Ni, Mn, Zn
and Cu content in soil, as well as concentration of the elements in tobacco leaves
were determined. The application of mineral fertilizers did not significantly increase
the total Pb, Cd, Ni, Zn and Cu content in the soil as compared to unfertilized control.
The addition of manure (NPK+FYM treatment) decreased total Ni. There was
significant increase of available Ni and Mn in treatment receiving NPK+FYM. A
comparison of unfertilized treatment indicated that long-term mineral fertilization had
no significant effect on studied metals in oriental tobacco leaves. A considerable
decrease in Cd (2.2-2.8 times), Zn (1.7-3.3 times) and Cu (2.2-3.8 times)
concentrations in the leaves compared with control without fertilization was detected
due to long-term NPK+FYM fertilization. This study demonstrated that the risk of
heavy metals’ accumulation in tobacco leaves associated with long-term mineral and
organic-mineral fertilization was low.
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Pestome

B ycnosusi Ha cTauMoHapeH NocKM OMNUT C HENPEKbCHATO MOHOKYMTYPHO
oTrnexaaHe Ha OpUEHTASICKM TIOTIOH € NPoyYeH edhekTbT OT NPOABITKUTENHOTO
MWHeparnHo 1 opraHo-M1HeparnHo TOpeHe BbpXy HATPYMNBaAHETO Ha TEXKM MeTanu B
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noysaTta u pacTteHusta. B npoyyBaHeTo ca noabpaHu crnegHuTe BapuaHTu: HeETopeHa
koHTpona, NP (asoT+docdop), NK (azot+kanuin), NPK (aszoT+docdop+kanunin) n
NPK+FYM (asoT+docgop+kanun+obopckm Top). Onpegenenun ca odbmute u
noaswxHute oopmm Ha Pb, Cd, Ni, Mn, Zn n Cu B noysaTa, KakTo 1 KOHLEeHTpaumnaTa
Ha Te3n enemMeHTUn B TIOTIOHEBUTE nucTa. NpunaraHeTo Ha MUHepanHu TOPOBE He
yBenuyaBsa gokasaHo obuoTo cbabpxkaHme Ha Pb, Cd, Ni, Zn n Cu B noyBarta B
CpaBHeHMe C HeTopeHaTa KoHTpona. OpraHoMMHEPANHOTO TOPEHE NoHMXKaBa obLwus
Ni B nouBarta. 3HaunMmMo e yBenmyeHMeTo Ha noasmkHuTe dopmu Ha Ni n Mn npum
TO3K BapuaHT. MNpoabImMKUTENHOTO MMHEPArHO TopeHe e 6e3 fokasaH epekT BbpXy
cbabpxkaHmeTo Ha Pb, Cd, Ni, Mn, Zn 1 Cu B nucTaTa Ha OpUEHTArCKNUS THOTIOH.
CuncTeMHOTO OpraHo-MMHeparnHO TOPEHE MOHMKaBa 3HAYMTENHO KOHLEHTpauusaTa Ha
Cd (2,2-2,8 nbtHn), Zn (1,7-3,3 nbtn) 1 Cu (2,2-3,8 NbTN) B NnCTaTa B CPaBHEHME C
HeTopeHaTa KOHTpona. ToBa nNpoy4BaHe Nnoka3sea, Ye PUCKbT OT HaTpynBaHe Ha
TEXKN MeTanu B TIOTIOHEBUTE NUCTA OT CUCTEMHOTO MUHEPASHO U OpraHo-
MMHEpPAanHoO TOPEHE € HUCHK.

KnouyoBu AYMMU: Mo4Ba, NPpoabIJIKUTENTHO TOPEHE, TEXKN MEeTallu, TIOTHOH

MoapobHo pestome

TopeHeTo ¢ M1HeparnHu 1 opraHM4YHU TOPOBE € BaXHO MeponpusTue 3a
yBernvyaBaHe NpoAyKTUBHOCTTA M KA4YeCTBOTO Ha TioTioHa. MHorobpoiHm ca
BbMPOCUTE OTHOCHO BIIMSIHMETO HA NPOABLITPKUTENHOTO CUCTEMHO TOPEHE BbPXY
CBOMCTBaTa Ha no4yBaTa M akyMynmMpaHEeTO Ha TEXKUTE MeTanu B pacTeHusiTa.

B HacToAWOTO NpoyyBaHe ce npocreasasa BANAHUETO Ha NPOABIMKUTENTHOTO
MUHEpPANHO U OpraHO-MWHEpPanHO TOPEHE BbPXY HATPYNBAHETO HA HAKOWN TEXKU
meTtanu (Pb, Cd, Ni, Mn, Zn 1 Cu) B no4BaTta v B nuctata Ha OpUeHTarICK TIOTIOH.

M3cnenBaHusaTa ca NnpoBeaeHn BbpPXy CTaLMOHapPEeH NOSICKN ONMUT CbC CUCTEMHO
TOpPEHe U HenpekbCcHaTa MOHOKYNTYpa TIOTIOH. 3anoXeH e Bbpxy XyMYyCHO-
kapboHaTHa no4ysa B MIHCTUTYTa MO THOTIOHA U TIOTIOHEBUTE M3aenus B ¢. MapkoBo
npe3 1966 r.

B npoy4yBaHeTo ca nogbpaHu cnegHuTe BapuaHTU: HETOpeHa KoHTpona, NP
(asoT+doccop), NK (asoT+kanun), NPK (azoT+doccop+kanuin) u NPK+FYM
(a3oT+doccop+kanuin+obopckm Top). NouBeHn npobu ot cnos 0-25 cm ca
aHanusnpaHu 3a: pH BbB BoAa - NOTeHLMOMETPUYHO, 06y, xymyc — no TropuH (Totev
et al., 1987). Onpepenenu ca obwmte dopmn Ha Pb, Cd, Ni, Mn, Zn n Cu - cneg
pasnaraHe Ha no4ysaTta c uapcka soga (ISO 11466:1995) n noasmxHUTE PopMK Ha
cbLmTe enemenTn — B nsenek ¢ 0,005 M DTPA+0,1 M TEA, pH 7,3 (ISO
14870:2001). 3a pactuTteneH aHanu3 ca U3nosi3aBaHn TEXHNYECKM 3penuv nucra ot
AOreH, cpeneH n ropeH 6eputbeH nosac. CbabpXKaHMETO Ha TEXKUTE MeTanu B
TIOTIOHA € onpeaeneHo cref Cyxo nsrapsiHe Ha pacTUTENHUSA maTtepuan u
pasTBapsiHe Ha nenenta B 3 M HCI. 3a oTunMTaHe KoHUEHTpauusTa Ha efleMEHTUTE B
NOYBEHUTE U pacTUTenHUTe Npobu e n3nonssaH atoMmeH abcopbunoHeH
CMEKTPOMETHP.
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YCcTaHOBEHO €, Ye npunaraHeTo Ha MUHEpParnHu ToOpoBe He yBenuyaesa AoKa3aHo
obwoTto cbabpxaHune Ha Pb, Cd, Ni, Zn n Cu B no4yBaTa B CpaBHEHNE C HETOPEHaTa
KOHTposia. OpraHo-MUHEpPanHoOTo TopeHe noHuxkasa obwusa Ni B noysata. 3Ha4ymMmo
€ yBenn4eHneTo Ha noaswxkHuTe dpopmum Ha Ni v Mn npu 1031 BapuaHT.

MpoOobImMKNTENHOTO MUHEpPAnHO TOpeHe e Be3 AoKasaH ehekT BbpXy CbAbpXKaHMETO
Ha Pb, Cd, Ni, Mn, Zn n Cu B nuctarta Ha opueHTarnckma ToTioH. [NpoabmkntenHoTo
OpraHo-MmnHepariHO TOPEeHe NMOHWXKaBa 3HaYUTESTHO KoHUeHTpauusaTa Ha Cd (2,2-2,8

nbtn), Zn (1,7-3,3 nbtn) 1 Cu (2,2-3,8 NbTN) B NUCTaTa B CpaBHEHNE C HETOpPEHAaTa

KOHTposia. ToBa npoyyBaHe nokassa, 4e PUCKbT OT HaTpynBaHe Ha TEXKU MeTanu B

TIOTIOHEBUTE NMCTA OT NPOLABLIMKUTENHOTO MUHEPASHO U OPraHO-MUHEPAriHO TOPEHE
€ HUCBK.

Introduction

Fertilization is an important man-controlled factor for producing high quality tobacco.
Mineral fertilizers and manure are added to soils to provide adequate N, P, and K for
crop growth and to increase tobacco yield. There are numerous uncertainties about
the impact of long-term fertilization on soil properties and accumulation of heavy
metals in plants. According to Molina et al. (2009) the trace element concentration
was very low in N, K, and NK fertilizers, but phosphorus fertilizers, especially triple
superphosphate, carried significant As, Cd, Cu, Cr, Ni, V, and Zn concentrations. The
addition of manure or P fertilizer increased total Zn, Fe, and Mn in soil, but had no
significant effect on total Cu (Wei et al., 2006). The data of Raven et al. (1998) also
showed that application of certain phosphate fertilizers inadvertently adds Cd and
other potentially toxic elements to the soil. On the other hand, Richards et al. (1998)
did not find Cd enrichment of either soil or crop after 29 years of P applications. Zhao
et al. (2014) concluded that manure application led to accumulation of total Cd in the
soil in corn seed production, which could become a risk for the safety of seed
production in calcareous soils in Northwest China.

The bioavailability of metals to plants depends on total and DTPA-extractable metals’
content in soils, pH, clay and hydrous oxide content, organic matter and redox
conditions (Reichman, 2002; Golia et al., 2009).

This paper reports the results of the long-term mineral and organic-mineral
fertilization on the total and available Pb, Cd, Ni, Mn, Zn and Cu content in soil. The
accumulation of these metals in oriental tobacco leaves is reported as well.

Materials and methods

Three years data (2014-2016) were obtained from a trial with long-term fertilization.
Stationary experiment with continuous tobacco cropping system was established in
1966 at Tobacco and Tobacco Products Institute — Markovo, Bulgaria (42°06’ N and
24°70’ E). The growing season for tobacco at this location is often characterized by
warm and dry summers. The soil was classified as Rendzic Leptosols (World
Reference Base for Soil Resources) (Teoharov, 2004). The experimental design was
a randomized complete block replicated three times. Oriental tobacco plants
(Nicotiana tabaccum L. cv. Plovdiv 7) were grown in the stationary field. The plot
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area was 6.25 m? (2.5*2.5 m). Tobacco seedlings were transplanted at a 0.5*0.12 m
distance (166 000 plants*ha). Five treatments were selected in this study, including
CK (control without fertilization), NP (nitrogen + phosphorus), NK (nitrogen +
potassium), NPK (nitrogen + phosphorus + potassium) and NPK+FYM (nitrogen +
phosphorus + potassium + manure).

The fertilizer application rates of the treatments are shown in Table 1.

Table 1. Treatments and annual fertilizer application rates (kg*ha™")
Ta6nuua 1. BapuaHTu 1 roguilH1 Hopmu Ha TopeHe (kg*ha™)

CK NPK+FYM
Fertilizer HeTopeHa NP N NPK NPK+o6opcku
Top KOHTpoOna Top
Nitrogen i 50 50 50 50
A30T (N)

Phosphorus

docdop - 5 ) 75 7
(P205)

Potassium 75 75 75
Kanun (K20)

Manure 20.000
O6opcku Top |

Urea, triple superphosphate and potassium sulphate were used as sources of N, P
and K. Manure came from cattle. Fertilizers were broadcast before transplanting and
then incorporated in the topsoil layer.

At the beginning of the experiment, the soil had a pH value of 8.5 and contained
3.01% humus and 15 mg P20s*kg! soil (Vartanyan, 1979).

In March every year (2014, 2015 and 2016) soil samples were collected at a depth of
0-25 cm from all studied plots. The following soil characteristics were determined: pH
in water, humus according to Tjurin (Totev et al., 1987), total Pb, Cd, Ni, Mn, Zn and
Cu content by using Aqua Regia (HCI-HNOs, 3:1) extraction method (ISO
11466:1995). A solution of 0.005 M DTPA+0.1 M TEA, pH 7.3 was used for
extraction of the mobile forms of these elements from soils (ISO 14870:2001).

The concentrations of Pb, Cd, Ni, Mn, Zn and Cu in mature tobacco leaves from
different stalk position (lower, middle and upper) were determined. All samples were
rinsed once with tap water to remove any adhering soil particles and further rinsed
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with distilled water. Afterwards they were dried at 75 °C for 12 h and ground. The
preparation of plant samples for analysis of metals was done by means of dry ashing
and dissolution in 3 M HCI. An atomic absorption spectrometer ,SpektrAA 220"
(Varian, Australia) was used for determination of heavy metal content in soil and
plant samples.

Results were analyzed using the SPSS statistical package and differences were
assessed with the Duncan’s multiple range test at the 0.05 probability level.

Results and discussion

The data from long-term experiment showed that by comparison with the control, soil
pHH20) values were unaffected by the addition of inorganic fertilizers (Table 2).
Organic-mineral treatment significantly decreased (P<0.05) the pH in the top layer.
Similar results were obtained by Simek et al. (1999) who concluded that in the
absence of lime, the effects of the manure plus inorganic fertilizers were to reduce
soil pH. According to Wei et al. (2006) the decrease in soil pH in the NP+manure
treatments might have resulted from the release of organic acids and COz2 into the
soil during the decomposition of the manure.

In this study, different treatments significantly influenced the humus content
compared to CK (Table 2). The level of humus was lower in the control plot than in
soils under continuous fertilization. The combined organic and mineral fertilizer
treatment resulted in highest humus increase. Simek et al. (1999) concluded that the
increases in soil C content were probably due to the combined effects of C addition in
the manure and increased plant productivity as a result of combined manure and
inorganic fertilizer additions.

The effect of the long-term fertilization on total soil contents of Pb, Cd, Ni, Mn, Zn and
Cu is presented in Table 2.

Total Pb content in all plots was below the MAC (maximum allowed content) of 120
mg*kg™! (Ordinance Ne 3, 2008) for soils with pH+20)>7.4. No significant differences
were identified between control plot and treatments with continuous fertilization.
Slightly higher Pb concentration was observed at the NPK+FYM treatment as
compared to those receiving only mineral fertilizers. Results from this study differ
from the findings of Atafar et al. (2010), who reported that total Cd and Pb
concentrations increased in the cultivated soils due to fertilizer application.

Total Cd content in soil from all treatments did not exceed the maximum allowed
content of 3 mg*kg™'. The long-term fertilization had no recordable influence on the
total amount of Cd in soil as compared to the control variant. Richards et al. (1998)
have also found no significant treatment differences in total soil Cd and explained
that Cd did not accumulate in the soil either because it was removed in crops or
because it moved to below 50 cm depth.

The total Ni content of the experimental soils varied between 57.5-70.5 mg*kg™! and
did not exceed the maximum allowed concentration of 150 mg*kg-'. Significantly
lower Ni concentration was observed at the organic-mineral treatment as compared
to control plot.
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Table 2. Soil reaction, humus and total Pb, Cd, Ni, Mn, Zn and Cu content in the soil
(3-year average)

Tabnuua 2. Peakuusa Ha noyBaTta, XyMycC U Cbabp)KaHue Ha obwmte doopmu Ha Pb,
Cd, Ni, Mn, Zn n Cu B noyBaTa (cpeaHo 3a 3 rogmHu)

Total Total forms
Treatments humus O6uwo cbabpxkaHue (mg*kg™)
pPHH20) OBy
BapuaHTu XYMVC
YWE ™ pp cd N Mn Zn Cu
(%)
CK
HeToperia 8.17° 248¢ 5897 132 70.5% 473> 148.1%® 74.12
KOHTpona
NP 8.13> 2,73 57.62 1.22 68.62 546.52 157.62 69.62
NK 8.18> 2.64°¢ 57.32 112 68.52 565.82 147.4% 7237
NPK 8.14> 2.86° 54.32 1.12 65.5% 470.7° 139.6°> 71.3°
NPK+FYM
NPK+oBopcku 7.91° 4.38% 61.3% 122 57.5° 5286% 152.1% 64.47
TOp
MAC**
120 3 150 - 400 300
MOK

* Different letters within each column indicate that the means are significantly different (P<0.05)

* Pasnuynute 6yKBVI B €4Ha 1 Cblla KOJ1IOHa NnokKkas3Bart, 4Ye cpeHuUTe Ca CbLleCTBEeHO pa3JinyHn
(P<0.05)

** MAC Maximum allowed content (approved for Bulgaria)

** MOK MakcumanHo gonycTumm KOHUEeHTpaummu (ycTaHoBeHM 3a bbnrapus)

Soil total Mn concentration significantly increased due to NP and NK treatments, but
no significant difference was determined between control variant and combined
fertilizer application (NPK+FYM).

The total Zn content in soil under different treatments varied from 139.6 to 157.6
mg*kg! and was considerably lower than the accepted Bulgarian maximum allowed
content of 400 mg*kg-'. The plots receiving NP and NPK+FYM had a higher
concentration of total Zn than the control treatment. Czarnecki and During (2015)
reported that addition of fertilizer at all rates increased the soil total Zn level when
compared to control plots.
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The long-term fertilization had no significant influence on the total Cu in the soil.
Results from this study agree with the findings of Wei et al. (2006), who reported that
the addition of manure or P fertilizer had no significant effect on total Cu.

Mobile forms of Pb, Cd, Ni, Mn, Zn and Cu in soil from the examined treatments were
further studied (data is presented in Table 3).

Table 3. Content of available (DTPA method) heavy metals as dependent on long-
term fertilization (3-year average)

Tabnuua 3. CbabpkaHue Ha nogswxHu oopmu (DTPA meToa) Ha TeXKN MeTanu B
noysaTta B 3aBUCMMOCT OT MPOABLITKUTENHOTO TOpeHe (CpeaHo 3a 3 roanHn)

Treatments Pb Cd Ni Mn Zn Cu

BapuaHTu (mg*kg') (mg*kg’) (mg*kg') (mg*kg') (mg*kg™') (mg*kg™’)
CK

HeTopeHa 18.8%" 0.61° 0.85° 31.9° 10.32 14.72
KOHTpona

NP 18.38 0.56° 0.81° 35.3 10.2a 16.82
NK 20.72 0.56° 1.48P 32.9° 10.72 16.92
NPK 21.42 0.782 1.120¢ 39.9° 10.62 13.72
NPK+FYM

NPK+oGopcku  18.42 0.51° 2.012 56.6° 14.72 13.12
TOpP

* Different letters within each column indicate that the means are significantly different (P<0.05)

* Pasnuynute 6yKBVI B €4Ha 1 Cblla KOJ1I0OHa nokKkas3sart, 4Ye cpeHuUTe Ca CbLeCTBEeHO pa3JinyHn
(P<0.05)

No significant differences were determined in available Pb content between control
plot and fertilizer treatments. Szalai et al. (2002) similarly found that the differences in
available lead content between control and different treatments are insignificant.
Nonetheless, in this study the levels of available concentration of Pb (18.3-21.4
mg*kg™') were higher than values reported by other authors (Szalai et al., 2002;
Lehoczky et al., 2004).

Mobile cadmium concentration in the studied treatments was in the range of 0.51-
0.78 mg*kg'. The long-term fertilization with NP, NK and NPK+FYM had no
significant influence on available Cd content as compared to the control treatment.
Plots fertilized with NPK exhibited significant increases of available cadmium.
Therefore it is difficult to make any conclusions about the effect of continuous
fertilization on the amount of available cadmium in the soil. The results published by
Kurakov et al. (2006) and Lehoczky et al. (2004) demonstrate that continuous
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fertilization does not affect the amount of available Cd in the 0-20 cm soil layer.
Although the soil was acidified slightly by NPK+FYM treatment (0.26 pH unit
reduction) compared to the CK variant, the extent of acidification did not have an
effect on soil available Cd.

DTPA-Ni varied between 0.81 and 2.01 mg*kg'. The levels of available
concentration of Ni were similar to those found by Golia et al. (2009) for the soils
where Oriental tobacco is cultivated. No clear accumulation trend was recorded in
plots receiving long-term mineral fertilizer applications. The highest amount was
found in the NPK+FYM plot. The data of Uprety et al. (2009) also showed that the
plant-available Ni concentration in arable layer was enhanced by long-term use of
farmyard manure, combined with mineral fertilizer.

The available Mn content in soil was 31.9 to 56.6 mg*kg™'. The plot receiving
NPK+FYM had higher concentration of available Mn than the other treatments.
According to Moharana et al. (2017) the lower pH may in the continuous FYM
treatment have resulted in the release of previously non-available Mn from soil
minerals. The same authors suggested that the decomposition of organic matter
would have provided protons to the soil solution and also decreased soil Eh values
and these changes could have resulted in the dissolution and reduction of Mn, thus
increasing its availability.

The available Zn content in the soil varied from 10.2 to 14.7 mg*kg-'. These values
were higher than the mean DTPA extractable Zn content of 0.5 mg*kg™' observed by
Golia et al. (2009) for the soils where Oriental tobacco is cultivated. Applications of
NP, NK and NPK fertilizers did not increase the available Zn content in the soils
compared to non-fertilized treatment. More noticeable increase of DTPA-Zn was
observed under plot receiving NPK+FYM fertilizer over unfertilized control. According

to Wei et al. (2006) manure not only supplies large amounts of Zn to the soil, but also

promotes biological and chemical reactions that result in the dissolution of otherwise
non-available Zn.

There was no significant accumulation of DTPA-Cu in plots after long-term
fertilization compared to the CK treatment. Moharana et al. (2017) reported similar
findings. According to Wei et al. (2006), there are two possible explanations for this
observation: either the fertilizers used contained very little Cu or the application of
manure increased the amount of chelating agents in soil. In this case, Cu could
become bound to organic matter and relatively unavailable to plants.

Tables 4, 5 and 6 show the heavy metals’ concentrations in leaves from different
stalk positions as dependent on long-term fertilization, averaged over the period
studied.

The content of Pb in mature leaves was from 7.7 to 16 mg*kg™ (Table 4). These
values are similar or higher than those reported by Golia et al. (2007) for oriental
tobacco (0.01-14.4 mg*kg™'). The lead concentration in leaves did not significantly
change among the different treatments (P>0.05).

The observed cadmium contents in the leaves (0.8-5.17 mg*kg™"') (Table 4) were
within the ranges reported by Lugon-Moulin et al. (2006) for Oriental tobacco
samples (0-6.78 ug*g™'). The Cd content in tobacco leaves from NPK+FYM plot was
much lower than that from the other treatments.
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Table 4. Heavy metals (Pb and Cd) concentrations of tobacco leaves (3-year

average)

Tabnuua 4. KoHueHTpauusa Ha Pb n Cd B nuctarta Ha TioTioHa (cpegHo 3a 3 roauHn)

Treatments Lower leaves Middle leaves  Upper leaves Average
BapunaHTu Hdonun nucta CpegHu nucta  [OopHM nucTta CpeaHo
Pb concentration

KoHueHTpauusa Ha Pb (mg*kg™ dry matter)
CK
HeTopeHa 7_73* 132 11.32 10.72
KOHTpona
NP 92 14.32 112 11.52
NK 8.7@ 162 132 12.52
NPK 82 122 132 112
NPK+FYM
NPK+O60pCK|/| 10.32 13.32 112 11.52
TOp

Cd concentration

KoHueHTpauua Ha Cd (mg*kg™' dry matter)
CK
HeTopeHa 5178 303a 1 7@ 33a
KOHTpoOsSa
NP 4773 3.072 1.232 3.03%
NK 3.47% 2.62 1.37° 2.473b
NPK 3.1ab 2.572 1.032 2.23b
NPK+FYM
NPK+060pCKV| 1 83b 1.372 0.82 1 33b
TOp

* Different letters within each column indicate that the means are significantly different (P<0.05)

* PasnnyHute OyKBM B €4Ha 1 CbLla KOfIOHa NokaseaT, Ye CpeaHnTE ca CbLUECTBEHO PasfnmyHn

(P<0.05)
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Table 5. Heavy metals (Ni and Mn) concentrations of tobacco leaves (3-year
average)

Tabnuua 5. KoHueHTpaumsa Ha Ni u Mn B nuctaTa Ha TioTioHa (CpeaHo 3a 3 roguHn)

Treatments Lower leaves Middle leaves  Upper leaves Average

BapunaHTu Hdonun nucta CpegHu nucta  [OopHM nucTta CpeaHo

Ni concentration
KoHueHTpauusa Ha Ni (mg*kg™! dry matter)

CK
HeTopeHa 266 1 .4a 1 _63 1 87a
KOHTpona
NP 1.572 1.572 0.732 1.272
NK 1.22 1.472 0.432 1.032
NPK 2.42 1.232 0.772 1.472
NPK+FYM
NPK+O60pCK|/| 1.52 1.372 0.832 1.272
TOP
Mn concentration

KoHueHTpauua Ha Mn (mg*kg™ dry matter)
CK
HeTopeHa 667a* 533a 466a 555a
KOHTpona
NP 69.42 56.22 45.92 57.22
NK 59.12 52.72 45.62 52.52
NPK 55.32 52.92 46.62 51.62
NPK+FYM
NPK+O60pCKV| 55.22 55.72 52.72 54 .52
TOpP

* Different letters within each column indicate that the means are significantly different (P<0.05)

* PasnnyHute OyKBM B €4Ha 1 CbLla KOfIOHa NokaseaT, Ye CpeaHnTE ca CbLUECTBEHO PasfnmyHn
(P<0.05)
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Wang et al. (2014) reported that the higher soil organic C in the organic compost
treatment caused more Cd adsorption in the soil, and consequently reduced the
uptake of Cd by crops. The same authors concluded that the accumulations of Cd in
crops were also reduced by its precipitation with phosphate in the soil. In a previous
study, Bozhinova and Zapryanova (2007) have found that long-term mineral
phosphorus fertilization increased 3-4 times mobile phosphorus in the soil compared
to the unfertilized control. The accumulation of the mobile phosphorus was even
higher (increased about 11 times compared to the control) when plot received
NPK+FYM. Therefore, high levels of humus and available phosphorus in the plot
receiving NPK+FYM could be important factors, which reduced Cd uptake by
tobacco.

Ni concentration in mature leaves varied between 0.43 and 2.6 mg*kg™ (Table 5).
These values are lower than those found by Sebiawu et al. (2014) and similar to
those reported by Stojanovic et al. (2004). The long-term fertilization had no
significant effect on nickel concentration in the leaves (P>0.05). According to Golia et
al. (2009), significant positive correlations were observed between DTPA extractable
metals and Oriental tobacco leaves’ heavy-metal content and DTPA extraction
supplies a reliable estimation of the plant availability of the metals studied in acid
soils of central Greece. Results from this study showed non-significant relationship
between leaf Ni concentrations and DTPA-Ni levels (correlation coefficients were -
0.337, -0.333 and -0.192 for lower, middle and upper leaves, respectively).
Consequently, it appeared that other factors must be influencing Ni uptake and its
accumulation in the leaf.

The observed Mn values (45.6-69.4 mg*kg™) (Table 5) are similar to those reported
by Apostolova (1985) for tobacco grown on alkaline soil and much lower than those
established by Golia et al. (2009) for Oriental tobacco, grown on acid soils. Soil pH is
the dominant factor controlling tobacco metal uptake and the bioavailability of metals
increased with decreasing soil pH (Golia et al., 2009). Therefore, high soil pH values
in the study lead to the decreased availability of Mn in tobacco plants and observed
values in leaves were much lower than those determined by Golia et al. (2009). The
amount of Mn in leaves was not significantly affected by the fertilization. Moharana et
al. (2017) also concluded that the differences of wheat grain and straw Mn
concentrations with different treatments were not significant. In spite of the higher
amounts of available manganese in the soil in the NPK+FYM treatment, the content
of this element in the lower and middle leaves is not higher than in the other
treatments. The results of this study indicate that DTPA-Mn has not a significant
impact on manganese concentration in tobacco leaves (correlation coefficients were -
0.623, -0.030 and 0.047 for lower, middle and upper leaves, respectively. Evidently,
Mn DTPA-extractable concentrations can not always be used as a predictor of Mn
content in tobacco leaves. These results differ from the ones of Golia et al. (2009)
who have found significant positive correlations between DTPA-Mn and
concentration of Mn in Oriental tobacco leaves.

The zinc content in leaves from CK, NP, NK and NPK treatments ranged from 48.5 to
122.5 mg*kg™ (Table 6). These values are higher than the average values reported
by Golia et al. (2007), which for the oriental tobacco leaves at first, second and third
priming was 48.1, 42.9 and 37 mg*kg™' respectively.
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Table 6. Heavy metals (Zn and Cu) concentrations of tobacco leaves (3-year
average)

Tabnuua 6. KoHueHTpaumsa Ha Zn n Cu B nuctaTa Ha TIoTioHa (CpeaHo 3a 3 roamHm)

Treatments Lower leaves Middle leaves  Upper leaves Average

BapunaHTu HdonHn nnucta CpegHu nucta  [opHW nucTa CpeaHo

Zn concentration
KoHueHTpauusa Ha Zn (mg*kg™ dry matter)

CK
HeTopeHa 122.52 87.72 55.32 88.52
KOHTpona
NP 84.7ab 682 562 69.53b
NK 94 9ab 74.52 52.72 74 .12
NPK 773b 71.42 48.52 65.630
NPK+FYM
NPK+O60pCK|/| 373b 378b 33.42 362b
TOp
Cu concentration

KoHueHTpauua Ha Cu (mg*kg™' dry matter)
CK
HeTopeHa 1828 19a 1578 1763
KOHTpona
NP 18.52 19.92 14.22 17.52
NK 172 20.12 16.52 17.92
NPK 12.32b 13.72b 12.5ab 12.823b
NPK+FYM
NPK+060pCKV| 64b 5b 73b 62b
TOp

* Different letters within each column indicate that the means are significantly different (P<0.05)

* PasnnyHute OyKBM B €4Ha 1 CbLla KOfIOHa NokaseaT, Ye CpeaHnTE ca CbLUECTBEHO PasfnmyHn
(P<0.05)
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High levels of zinc in leaves in the present experiment can probably be explained by
the high content of available Zn in the soil. The zinc concentration in the tobacco
leaves was the lowest in NPK+FYM treatment (33.4-37.8 mg*kg), although the
mobile zinc content in the soil was the highest in this treatment. This can be
explained by the Zn uptake by plants depending not only on the levels of soil
available zinc. Phosphorus fertilization causes a reduction of Zn concentrations in
plants, which is possibly due to P-Zn interactions in soil (Lambert et al., 2007).
Therefore, high content of available P20s in the soil in NPK+FYM treatment could be
important factor, which reduced Zn uptake by tobacco.

The content of Cu in leaves was from 5 to 20.1 mg*kg™ (Table 6). These values were
similar or higher than the average concentrations for the oriental tobacco (9.9-15.5
mg*kg™") reported by Golia et al. (2007). The treatment receiving NPK+FYM had the
lowest concentrations of Cu in the leaves. One possible explanation for this
contradiction could be found in the high content of available phosphorus in these
plots. According to Touchton et al. (1980) Cu concentrations in the wheat tissue
generally decreased as applied and residual soil P levels increased. The long-term
mineral fertilization had no significant influence on the Cu concentration in tobacco
leaves.

Conclusions

The application of mineral fertilizers did not significantly increase the total Pb, Cd, Ni,
Zn and Cu content in the soil as compared to unfertilized control. The addition of
manure (NPK+FYM treatment) decreased total Ni, but had no significant effect on
total Pb, Cd, Mn, Zn and Cu content in soil. The total concentrations of the studied
metals did not exceed the maximum allowed in Bulgaria content. Available Pb, Zn
and Cu in the soil were not significantly influenced by long-term fertilization. There
was significant increase of available Ni and Mn in treatments receiving NPK+FYM.

A comparison of unfertilized treatment indicated that long-term mineral fertilization
had no significant effect on studied metals (Pb, Cd, Ni, Mn, Zn and Cu) in oriental
tobacco leaves. A remarkable decrease in Cd (2.2-2.8 times), Zn (1.7-3.3 times) and
Cu (2.2-3.8 times) concentrations in the leaves compared with control without
fertilization was detected due to long-term NPK+FYM fertilization.

This study demonstrated that the risk of heavy metals’ accumulation in tobacco
leaves associated with long-term mineral and organic-mineral fertilization is low.

References

Apostolova, E. (1985) The effect of soil acidity on the productivity and quality of
oriental tobacco. Bulgarian Tobacco, 6, 26-31.

Atafar, Z., Mesdaghinia, A., Nouri, J., Homaee, M., Yunesian, M.
Ahmadimoghaddam, M., Mahvi, A.H. (2010) Effect of fertilizer application
on soil heavy metal concentration. Environmental Monitoring and
Assessment, 160, 83-89. DOI: https://doi.org/10.1007/s10661-008-0659-x

JOURNAL 487

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2014

Original scientific paper DOI: /10.5513/JCEA01/20.1.2014
Bozhinova: Accumulation of heavy metals in soil and tobacco after long-term mineral and organic-mineral...

Bozhinova, R., Zapryanova, P. (2007) Total and available forms of phosphorus and
potassium in rendzina soil in long-term experiment. In: Bachvarova, Sv.,
Kolev, N., Kolchakov, I., Mihalev, D., Proceedings of the International
Conference “Soil Science - Base for Sustainable Agriculture and
Environment Protection”. Sofia, Bulgaria, 13-17 May 2007,
PublishScieSetEco, 140-143.

Czarnecki, S., During, R. A. (2015) Influence of long-term mineral fertilization on
metal contents and properties of soil samples taken from different locations
in Hesse, Germany. Soil, 1, 23-33.
DOI: https://doi.org/10.5194/s0il-1-23-2015

Golia, E.E., A. Dimirkou, A., Mitsios, |1.K. (2009) Heavy-metal concentration in
tobacco leaves in relation to their available soil fractions. Communications
in Soil Science and Plant Analysis, 40 (1), 106-120.
DOI: https://doi.org/10.1080/00103620802623570

Golia, E.E., Dimirkou, A., Mitsios, I.K. (2007) Accumulation of metals on tobacco
leaves (primings) grown in an agricultural area in relation to soil. Bulletin of
Environmental Contamination and Toxicology, 79, 158-162.

DOI: https://doi.org/10.1007/s00128-007-9111-0

International Organization for Standardization (ISO) (1995) ISO 11466:1995 Soil
quality - extraction of trace elements soluble in aqua regia.

International Organization for Standardization (ISO) (2001) ISO 14870:2001 Soil
quality - extraction of trace elements by buffered DTPA solution.

Kurakov, I., Minakova, A., Aleksandrova, V. (2006) Effect of long-term fertilization on
the content of heavy metals in leached chernozem and products of a grain-
beet crop rotation. Agrochemistry, 11, 59-65.

Lambert, R., Grant, C., Sauve, S. (2007) Cadmium and zinc in soil solution extracts
following the application of phosphate fertilizers. Science of the Total
Environment, 378, 293-305.

DOI: http://dx.doi.org/10.1016/j.scitotenv.2007.02.008

Lehoczky, E., Debreczeni, K., Kiss, Z., Szalai, T. (2004) Effect of long-term
fertilization on the available toxic element content of different soils. Journal
of Central European Agriculture, 5 (4), 309-314.
DOI: http://dx.doi.org/10.5513/jcea.v5i4.231

Lugon-Moulin, N., Martin, F., Krauss, M., Ramey, P., Rossi, L. (2006) Cadmium
concentration in tobacco (Nicotiana tabacum L.) from different countries and
its relationship with other elements. Chemosphere, 63, 1074-1086.
DOI: http://dx.doi.org/10.1016/j.chemosphere.2005.09.005

Moharana, P.C., Sharma, B.M., Biswas, D.R. (2017) Changes in the soil properties
and availability of micronutrients after six-year application of organic and
chemical fertilizers using STCR-based targeted yield equations under pearl
millet-wheat cropping system, Journal of Plant Nutrition, 40 (2), 165-176.
DOI: https://doi.org/10.1080/01904167.2016.1201504

JOURNAL 488

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2014

Original scientific paper DOI: /10.5513/JCEA01/20.1.2014
Bozhinova: Accumulation of heavy metals in soil and tobacco after long-term mineral and organic-mineral...

Molina, M., Aburto, F., Calderdn, R., Cazanga, M., Escudey, M. (2009) Trace
element composition of selected fertilizers used in Chile: phosphorus
fertilizers as a source of long-term soil contamination. Soil and Sediment
Contamination, 18 (4), 497-511.

DOI: https://doi.org/10.1080/15320380902962320

Ordinance Ne 3 (2008) Allowed rates of harmful compounds in soils. State Gazette,
71.

Raven, P.H., Berg, L.R., Johnson, G.B. (1998) Environment. 2nd edition. New York:
Saunders College Publishing.

Reichman, S.M. (2002) The responses of plants to metal toxicity: A review focusing
on copper, manganese and zinc. Australian Minerals & Energy Environment
Foundation, 1-54. Available at:
http://www.plantstress.com/Articles/toxicity i/Metal_toxicity.pdf

Richards, I.R., Clayton, C.J., Reeve, J.K. (1998) Effects of long-term fertilizer
phosphorus application on soil and crop phosphorus and cadmium
contents. Journal of Agricultural Science, 131, 187-195.

Sebiawu, G.E., Mensah, N.J., Ayiah-Mensah, F. (2014) Analysis of heavy metals
content of tobacco and cigarettes sold in Wa Municipality of Upper West
Region, Ghana. Chemical and Process Engineering Research, 25, 24-33.

Stojanovic¢, D., Niki¢, D., Lazarevi¢, K. (2004) The level of nickel in smoker’s blood
and urine. Central European Journal of Public Health, 12 (4), 187-189.

Szalai, T., Lehoczky, E., Nyarai, F., Holld, S., Csathd, P. (2002) The available
microelement content of soil in a long-term nutrient supply experiment.
Communications in Soil Science and Plant Analysis, 33, 3251-3260.
DOI: https://doi.org/10.1081/CSS-120014520

Simek, M., Hopkins, D.W., KalCik, J., Picek, T., Santriickova, H., Stana, J., Travnik,
K. (1999) Biological and chemical properties of arable soils affected by
long-term organic and inorganic fertilizer applications. Biology and Fertility
of Soils, 29, 300-308. DOI: https://doi.org/10.1007/s003740050556

Teoharov, M. (2004) Correlation of soils indicated map and classification of Bulgaria
with world reference base (WRBSR, 2002). Soil science agrochemistry and
ecology, 4, 3-13.

Totev, T., Gribachev, P., Nechev, H., Artinova, N. (1987) Soil science. Sofia:
Zemizdat.

Touchton, J.T., Johnson, J.W., Cunfer, B.M. (1980) The relationship between
phosphorus and copper concentrations in wheat. Communications in Soil
Science and Plant Analysis, 11, 1051-1066.
DOI: https://doi.org/10.1080/00103628009367104

Uprety, D., Hejcman, M., Szakova, J., Kunzova, E., Tlusto$§, P. (2009) Concentration
of trace elements in arable soil after long-term application of organic and
inorganic fertilizers. Nutrient Cycling in Agroecosystems, 85, 241-252.
DOI: https://doi.org/10.1007/s10705-009-9263-x

JOURNAL 489

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2014

Original scientific paper DOI: /10.5513/JCEA01/20.1.2014
Bozhinova: Accumulation of heavy metals in soil and tobacco after long-term mineral and organic-mineral...

Vartanyan, A. (1979) The systematic mineral fertilization and the development of
oriental tobacco and the fertility of soil. Bulgarian Tobacco, 10, 33-39.

Wang, Q., Zhang, J, Zhao, B., Xin, X, Zhang, C., Zhang, H. (2014) The influence of
long-term fertilization on cadmium (Cd) accumulation in soil and its uptake
by crops. Environmental Science and Pollution Research, 21, 10377-10385.
DOI: https://doi.org/10.1007/s11356-014-2939-z

Wei, X., Hao, M. Shao, M., Gale, W.J. (2006) Changes in soil properties and the
availability of soil micronutrients after 18 years of cropping and fertilization.
Soil & Tillage Research, 91, 120-130.
DOI: https://doi.org/10.1016/j.still.2005.11.009

Zhao, Y., Yan, Z., Qin, J., Xiao, Z. (2014) Effects of long-term cattle manure
application on soil properties and soil heavy metals in corn seed production
in Northwest China. Environmental Science and Pollution Research, 21
(12), 7586-7595. DOI: https://doi.org/10.1007/s11356-014-2671-8

JOURNAL 490

Central European Agriculture
ISSN 1332-9049


https://doi.org/10.5513/JCEA01/20.1.2014
http://www.tcpdf.org

