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_ Abstract - One of the major factors in achieving more fertility (Munees, 1984; Bramley et al., 1990). Plant
biofuel is the amount of crop yield, but that is nosynonymous  contamination with heavy metals does not only happe
with lthe V'e|d| ql;]a“ty-hplﬁnts {Iﬂeb conltamfmated by hﬁavy through the soil, but also from air contaminatiavhich
metals not only through the soil, but also from atrospheric  hanges the physiological (also the photosynthetitjvit
pollution. The aim of this research was to establis the (Brargle et Da?/ 19%0_H§CT XOBA p2008)y As )Ivar?/ts
amount of heavy metals in the dry matter of reed caarygrass accumul);te hea;/’y metais onya syétematic. basis Fi\ivith

(Phalaris arundinacea L.). The Marathon variety of reed . ’
canarygrass was studied with two sowing periods antbur N-  the concentration becomes toxic to the plants (Husgal.,

fertilizer rate applications. The concentration lewl of arsenic 2002). Different mineral fertiliser rates not ontyobilise
(As), cadmium (Cd), lead (Pb) and titanium (Ti) in the separate soil nutrients, but also connect themdywing
samples of reed canarygrass were analysed with trmupled unacceptable connections for the plan¥éufiees, 1984).
plasma optical emission spectrometer Perkin EImeR100 DV. The term “heavy metal” denotes metals with an atomi
The samples of reed canarygrass taken in April had greater  \yejght above 40 u.
concentration of As, Cd, Pb, which means that the_ lants The normal concentration of heavy metals anps is as
e b1 toutaments follows: arsenic - 0.1 - 1.0 mglkg of cry matterR
cadmium - 0.05 - 0.2 mg/kg of DM, lead - 0.1 - 5n@/kg

negative correlation between the amount of As, CdPb and ) :
the ash content. The samples taken in April have greater ©Of DM (Munees, 1984; Alaru et al., 2009). Cadmium

heavy metal contamination, than the samples takenni hinders plants in absorbing necessary nutrients, léad
October. The sowing period fundamentally affected He slows down the absorption of magnesium, potassiuoh a
concentration of lead in reed canarygrass sampledyut the  phosphorusNiunees, 1984).

level of N-fertilizer rate application affected the amount of The objective of the research: to estimateaimeunt of
cadmium and arsenic. heavy metals in the dry matter of reed canarygrass

Phalaris arundinaced..).
Keywords - Phalaris arundinacea L., N-fertilizer rate, As, ( )

Cd, Pb, Ti.
[I. MATERIALS AND METHODS

The object of the research - reed canaryg(@balaris

|. INTRODUCTION arundinaceal.) is a part of the stalkgrasPdaceag family

Reed canarygrass is suitable for biomass mtimhy as and is a perennial tendril_shooting_ cover grass C3._
the production cycle exceeds 10 years (Laadit al., 2008; Three repeat experiments in the field with dree
Energy..., 2009), and cultivated plants establisfied a canarygrass variety ‘Marathon’ was carried out he t
long time in the same area have a beneficial efecthe Agricultural Science Centre of Latgale in sod-pdizo
surrounding environment, as they minimise soil mosnd |0amy soil (the organic content of the soil - 5.29% KCI -
improve soil quality (Adamov et al., 2007; Sanderson et®-8, POs- 20 mg/kg, and KO - 90 mg/kg of soil).
al., 2008; Wrobel et al., 2009). One of the majaatérs in The area_of the plots was 16, rthe location of the plots
achieving more biofuel is the amount of crop yiéddf that Was randomised. The reed canarygrass was sownteter
is not synonymous with the yield quality. follow. Before sowing a complex_fer'ullser was aiepl
The production of wood-pulp pellets requirele t N:P:K-5:10:25-400 kg/ha. The nitrogen supplementary

addition of biomass plants, for example reed cagrarss. It fertiliser rates: NO - control, N30, N60, N90 kg/hHReed

is important that the plants used in pellet prothrcthave canarygrass variety “Marathon”  was . sown on the
no or very low heavy metal concentration. That id2.08.2008 (henceforth ‘Marathon’ 08) and 29.04200

important, as the end product of burning the pelighich (henceforth ‘Mgrathon’“09). Nitr(’)’gen (N) supplemanyt
are the ashes, can be used as a mineral fertiliser. fertiliser was given to "Marathon” 08 on the 20.2809,

Increased mineral fertiliser application ratethe @nd on the 22.07.2009 for ‘Marathon’ 09.
contamination of rainfall and other pollutants caukhe The dry matter samples were taken from 0.25areas
contamination of ground-water with nitrates, the®" three replications in 12.10.2009 and 06.04.201e

accumulation of ballast material, inclusive of toxi @sh content was established on 3 occasions in the
elements, which fundamentally worsen the soil dyaind Chemistry Laboratory of the Rezekne Higher Educatio
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Institution with the accelerated standard methodsefic supplementary fertiliser was not used. Arsenic enohdid
(As) cadmium (Cd), lead (Pb) and titanium (Ti)not exceed 1.0 mg/kg, but also was not less tham@y/kg.
concentrations in the reed canarygrass samples we

established with the inductively coupled plasmaiagit 700
emission spectrometer Perkin Elmer Optima 2100 DV.
The meteorological conditions for agricultfégures 1 =
and 2) during 2009 the plant growth period had akead 2
deficit in rainfall. The May air temperature waost the )
long-term average, but the amount of rainfall wakied of E
the long-term average. In July the mean air tentpeeafor <
the 24-hour period corresponds to the mean long-ter
indicators. On 13 April 2010 the reed canarygrakmtp
growth was renewed.
18- Matathon09 Marathon08
16 . = N fertilizer rates/Soving time
s U = T .
:é 12 > ‘e 0 Sample of Octobe® Sample of April
g 10 /
g 84 g
g' 6 7 Fig.3. Arsenic (As) content in reed canarygras_kiydﬂ first year depending
2 RIS on N supplementary fertiliser rate and sowing timg/kg DM.
2
0 The arsenic content was influenced by almdstNa
Q & @ > & & supplementary fe_rtiliser rates, as well as by ﬂrteriac_tiyity
R W » S & & between the sowing period and the N supplementatilier
YR rates (Table 1).
TABLE 1

- -¢- - Long-term average, °c—=— Temperature, °C
ARSENIC CONTENT PROPORTIONS FOLLOWING INFLUENCING FACRS

(p<0.001), %

Fig.1. Average air temperature in 2009 fronjavi, °C. Factors Sample of Sample of April
October
90 Sowing time (factor A) 14.6 25.4
80 — o N supplementary fertilize|
E, 70 M rate (factor B) 64.4 23.0
§ 60 xs Interactivity between
% 50 m i e factors A and B 20.9 51.6
& 40 BT
o 28: :_::_: : Regression analysis shows that arsenic (y) and@stent
a 10 - 7 5 | B (x) are related. The analysis (n=16) shows thanfeach ash
0 5 O 5 N 5 55 i percent increase, the arsenic content decreasés.&y mg/kg

‘ DM (Figure 4).
SR RO K

Q N
v & NS 700
K 650 *
* *
L 600
O Long-term average, mi& Precipitation, mm 550 0\ R
o * y =-30,45x + 680,2
. o . < 500 5
Fig. 2. Sum of precipitation in 2009 from I¥ini, mm. ? 450 R =0,5597
The trial data were processed using corratatio 4 400 \
regression and variance analyses (ANOVA) and dpBcei 350 .
statistics. The means are presented with their L&D 300 | . * \
*
250 RS
I1l. RESULTS ANDDISCUSSION 200 ‘ ‘
Arsenic also gets to plants from pesticidebergfore 2 7 12
the period when the samples were taken fundamgntall Ash. %

influences (p<0.05) on the arsenic level in reedacggrass

for th.e first Year yleld (F'gf”e 3)‘ The least amblpf Fig. 4. The interaction (p<0.001) between averagerac (As) and average
arsenic was in the October’'s sample, where theo@&mn ash content of reed canarygrass.
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Cadmium is not fundamentally required by plants or 2,5
animals, therefore the cadmium concentration hasbeen y=—§),_13x+2,263
established when there has been a lack of cadniuaney, 2,0 L d * R° =0.4859
1990). < \\.. ¢
Cadmium compounds can be found in diesel fuel. Bmal 5 15 -
amounts of cadmium are dangerous and it has a lon = . A
elimination period - 30 years. The plants accuneultte E 10- %
cadmium particles from the air and with roots frtime soil 3
(Bramley, 1990). 05
The cadmium content in the April's samples of reed
canarygrass exceeded 0.2 mg/kg DM, but it was no 001
observed in the samples from the 2009 sown variet 0 5 10 15

‘Marathon’. Variety '‘Marathon' (sown in 2008) hadomger
development period and, consequently, larger rgstesn, Ash, %
therefore the higher the amount of Cd intake.

Fig. 6. The interaction (p<0.05) between averagea@dl average ash content

23 of reed canarygrass.
a) ié = % T T % = A tendency has been observed, that plants incrdase
217§ 2 i f % absorption of cadmium if lead is prese¥Miufees, 1984). That
2 1:57 A v i ; is confirmed by our findings, which found a stropgsitive
5 13 [3E pEm 2 ]:_ 2 correlation (n=16; r=0.89; p<0.001) between Cd & and
g1 BOBE O BOHE i l{i'-; l{:: between Cd and As a middling positive correlatiom1(;
0,9 e B B 1=0.73; p<0.05) was also established. These medaés
NO ‘ Ngo‘ NGO‘ N90 NO‘ Ngo‘ Ned Noo phytotoxic, especially as they can interact withrinas
elements in a synergistic and antagonistic waychviis also
Matathon09 Marathon08 dependent on the soil pH level (Neuschiitz et 805
N fertilizer rates/ Sowing time Arsenic, cadmium and lead are part of various ieiif
fertilisers Munees, 1984). Evaluating the cadmium levels in
@ Sample of Octobetd Sample of April plants the following need to be taken into accothm: history

of fertiliser application in the field, the organtontent of the
Fig. 5. Cadmium content (Cd) in reed canarygrass fiear yield dependin SO”’ .t.he way the. ﬁeld. has been CUItivated’ thimati.c
ongN supplementary fertili(ser)rate and sowinyggtimgfz; D)li/I. P ’ conditions, the soil quality (Bramley, 1990). Plagmbwth in
2009 was noted reduced rainfall (Figure 2). It mastnoted
Cadmium content is not influenced by N Supp|emqmtarthat the concentration of heavy metal is less mpﬂants than
fertiliser rate amountsMunces, 1984). In our findings the in the soil (Strasil et al., 2010).
amount of nitrogen supplementary fertiliser had a The amount of lead in the reed canarygrass sowiregs
fundamental significance in the samples taken imilAput ~ fundamentally influenced by the sowing period (©%).
the samples taken in October — not (Table 2). (Figure 7). The findings did not show a fundamental
supplementary fertiliser amount as a factor of ificence
(Figure 7; Table 3). This indicates that the plahive

TABLE 2 .
absorbed the heavy metal from the snow cover, achathe
CADMIUM CONTENT PROPORTIONS FOLLOWING INFLUENCING -
FACTORS, % particles of heavy metal had settled.
Factors Sample of October Sample of April 55
i 1 *% *
Sowing time (factor A) 97.3 18.2 g 50 4
N supplementary D 45 ] . 2%
fertilizer rate (factor B) 1.2 62.1% = 20 1 & :?(2 ?@f
i b E
— S b b e
Interactivity between . 351 | E 5
factors A and B 1.2 13.0* £ 30 2] & b2
*%- *- Hi’vj tvﬁ H;%
t take>t0.001 *t fakt>t0.05 257 § . =
NO
Regression analysis shows, that cadmium (y) and as Matathon09 Marathon0s

content (x) are related. Analysis (n=16) shows thiéh each - o
ash percent increase, the amount of Cd decreasds1By N fertilizer rates/Sowing time
mg/kg DM (Figure 6).

O Sample of OctobeB Sample of April
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Fig. 7. Lead content (Pb) in reed canarygrass yeat yield depending on N Fig. 9. Lead content (Pb) in reed canarygrass year yield depending on N

supplementary fertiliser rate and sowing time, rgg/k

The lead content in plants was influenced by theirsp
period - more than 90% (Table 3). That means thatdnger
the plants grew, the more they absorbed lead.

supplementary fertiliser rate and sowing time, rgdsiv.

The titanium content influenced all three factorsikarly
(Table 4).

TABLE 4

TABLE 3 TITANIUM CONTENT PROPORTIONS FOLLOWING INFLUENCING ACTORS (p<0.001), %
LEAD CONTENT PROPORTIONS FOLLOWING INFLUENCING FACTRS, % Factors Sample of October Sample of April
Factors Sample of October Sample of April Sowing time (factor A) 47.1 48.5
Sowing time (factor A) 95.3** 90.6** N supplementary fertilizer
- rate (factor B) 34.2 20.6
N supplementary fertilize
rate (factor B) 2.3 1.2 Interactivity between
Interactivity between factors A and B 18.5 30.6
factors A and B 2.3 7.2*

1 take>10.005 *T fake>t0.05

Regression analysis shows, that lead (y) and asteicb(x)
are related. Analysis (n=16) shows that with e\asly percent
increase, the lead content decreases by 2.919 nigMg
(Figure 8).

60

50

40

30

Pb, mg/kg DN

20

y =-2,910x + 53,062
R’ = 0,4149

AN

10

10 15

Ash, %

Regression analysis shows, that titanium (y) and as
content (x) are not linked (Fig.10).

50+
45 .
40 - B *
% 351 y= 0,27768x+ 6,4557
) 30 | R™ =0,0624
> 25- .
£ 20
F 15 - —
10 .—v,/‘/o 2 R
5 *
0 * | * o | * |
0 5 10 15
Ash, %

Fig. 10. The interaction between average Ti andameeash content of reed
canarygrass.

The field trial areas are about 500 metres from Ah#&?2

Fig. 8. The interaction (p<0.05) between averageufth average ash content main road, and therefore one must assume, thdbrtkyer the

of reed canarygrass.

Titanium gets to plants in various ways: from theund-
water, from metal instruments, etc.

Ti, mg/kg DV

Matathon09

Marathon08

N fertilizer rates/ Sowing time

B Sample of Octobed Sample of April

plants are growing in the field, the greater wil pollution of
the plants by cadmium, arsenic, lead and titanium.

Lead persistences in the soil and contributes mmsion (Lu,
2005). Lead and cadmium in combination with zinenfo
corrosion products (Roberge, 1999; Lu, 2005). Tlhatp take
heavy metals during growth period, therefore gooowing
conditions must be most advantageous to reduceHiein
plants. Heavy metals adversely affect the qualitthe canary
reedgrass. A concentration of heavy metals in plaress with
the fertilizer rate NO kg/ha.

[V. CONCLUSIONS

The spring samples of reed canarygrass had a greate

amount of As, Cd and Pb and that means that thespédosorb
the heavy metals also from the snow covering. Tt year
yield of reed canarygrass has shown a basic negativ
relationship between the amount of As, Cd and Rbtha ash
content. The sowing time had significantly influeran the lead
content in the reed canarygrass samples, but Nlesapptary
fertiliser rates - the cadmium and arsenic content.
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Liena PoiSa, Aleksandrs Adamows, Rasma Platée. Smago meilu daudzums mieZabéla (Phalarisarundinacea L.) pirm a gada ra%

Raza ir viens no svigiikajiem faktoriem, lai iegfu vaiak biokurirema. Bet razas lielums ne viednir sinonims kvalitaivai razai. Augu sairgarais ar smagajiem nigiem
notiek ne tikai caur augsni, bet ap piedmota atmosfras gaisa. &juma nerkis: noteikt smago nmati daudzumu mieZadila Phalaris arundinaced.) pirma gada razai.
Petijuma objekts: miezaliiis (Phalaris arundinaced.) ir stiebralu (Poaceagdzimtas daudzgagh stgotja virszle C3. Lauka izrgginajumi trijos atkartojumos ar miezabla
&irni ‘Marathon’ iefikoti veknu - podzdita smilSniila augsa (organiskis vielas saturs augsh 5.2%, pH - 5.8, ®s - 20 mg/kg, KO - 90 mg/kg). MieZabéla irne
‘Marathon'’ tika iesta 12.08.2008. (turpiik tekst ‘Marathon’08) un 29.04.2009.38pkKa (N) papildnaslojums 2008. gada audusttajai &irnei ‘Marathon’ dots 20.05.2009.,
bet 2009. garlsstajgm &imem — 22.07.2009. Viena lauei platba 16 M Arsena (As), kadmija (Cd), svina (Pb) uriti (Ti) koncenticija mieZahila paraugos noteikti ar
indukivi saisttas plazmas optigls emisijas spektrometru Pemin Elmese Optima 2M0APrili novaktaja miezabila ra bija lieiks As, Cd, Pb daudzums, aebktobi
novaktai. Tas noimg, ka augi smagos nakis uziem af no sniega segas. MieZalarpirna gada raZai konstth hitiska negava sakaba starp As, Cd, Pb daudzumu un pelnu
saturu. Sjas laiks vishtiskak ietekngja svina saturu miezaiia ra, bet N papildréslojuma normas — kadmija un @ra daudzumu. Starp Cd un Pb tika koBistatieSa
pozitiva koreficija (n=16; r=0.89; p<0.001), un starp Cd un Adika konstatta pozitva vicsji cieSa korelcija (n=16; r=0.73; p<0.05).aTka ar€nu, kadmiju un svinu satur
dazdi mineglmeslojumi un pesticli, tad k bitisks faktors paidas N papildnaslojuma normas ietekmé&vertgjot kadmija nokaSanas iesiias augos,apem \era: lauka
meésloSanasasture, organigls vielas saturs augsitauku apsaimniekoSanas veids, klimatiskieakfishugsnegpadbas.

Jluena Iloitmna, Anexcanap AnamoBu4, Pacma Ilnatade. KosmyecTBO TSKENBIX METAJLUIOB B ABYKHCTOUYHHKe TpocTHHkoBHaHOM (Phalaris arundinacea L.) B
NiepPBbIii roj1 yposKast

Vpoxaii SIBISIeTCst OIHAM M3 Hanboree BayKHBIX (haKTOPOB IS Oy HCHHSI KaK MOYKHO Oorblirero o0béma Grororumea. Ho BemmtiHa ypoxkast He BCErIa SBISIETCS. CHHOHIMOM
KauecTBa ypoxkast. OTpaBlIeHHE PACTEHHH TSHKEBIMA METAILIAMH TIPOMCXOIUT HE TOJIBKO Yepe3 MOUBY, HO M M3 3arpsa3HEHHOr0 atMochepHoro Bo3yxa. Llenb vccienoBaHus:
ONpe/IereHIE CONEPIKAHI THKEIBIX META/UIOB B IBYKICTOYHMKeE TpocTHHKOBHHOM (Phalaris arundinaced.) B nepseiii rox ypoxxast. OGBbEKT HCCIEIOBAHMS: JBYKHCTOYHIK
TpoctarkoBuabi (Phalaris arundinaceal.) — 310 MHoromnerHsis BepxoBasi TpaBa cemeiicta 3akoBbix (Poaceag C3. IlosneBbie OIMBITHI C COPTOM JBYKHCTOYHHKA
TpocTHHKOBHAHOTO ‘Marathon’s Tpéx MOBTOPHOCTSIX GbLIH MPOBEICHBI B ACPHOBO-IIOJ30IMCTON CYTTMHUCTOM TOYBE (COAEpIKaHHE OPraHUYecK il BelecTs B rouse — 5.2%,
pH - 5.8, BOs - 20mr/kr, K;0 - 90mr/kr). Copt mBykucTo4HNKa TpocTHIKOBHIHOTO ‘Marathon’ 6eut 3acest 12.08.20080ma (manee B Tekere ‘Marathon’08)u 29.04.2009.
A30T B KauecTBe JOMOIHUTENLHOTO yaooperust Obut nonan 20.05.2009Ha copr ‘Marathon’, sacesitnsiii B aBrycre 2008roza, u 22.07.2009 #a copt, 3acesHHbIA B HIOJE
2009roza. [Tnowanp oHON nensHKH - 16 nf. Konnerrparmst Mpiibsika (AS), kaqvust (Cd), cerrrta (Pb)u tutana (Ti) B 0Gpasiiax IBYKHCTOUHIKA TPOCTHAKOBHIHOTO OBLTH
OIpe/IesIeHbl MHYKTHBHO CBSI3aHHBIM IUIA3MEHHBIM ONTHYECKMM SMHCCHOHHBIM criektpoMerpom Pernin Elmese Optima 2100 DB.anpere B 00pastiax [IBYKHCTOYHHKA
TPOCTHUKOBHIHOTO ObL10 Ootbiiee comepxanne AS, Cd, Pbyuro o3nadaer, 4T TSDKENbBIC METAUTBI PACTCHIS MOTYT MOJTy4aTh M3 CHEKHOTO MOKPOBa. B ypoxkae mepeoro roza
OblTa KOHCTATHPOBAHO HEraTMBHOE B3amMozeicteue Mexay As, Cd, Pbu coxepkannem 30mbl. Y 00pa3LoB, B3ITHIX B ampene, ObUI0 KOHCTATHPOBAHO OOJIee BBICOKOS
COZiepXKaHNe TSDKENBIX —METAUIOB, YeM B 00pasiax, B3TBIX B OKTOpe. Bpems moceBa Hambonee 3HAYMTENBHO BIMSUIO HA CONCPIKAHHC CBHHI@ B JBYKHCTOYHHKE
TPOCTHHKOBHHOM, @ HOpMa JOIOJIHUTEIBHOrO yioOpeHust N Ha 00bEM KaMust M MbILIbsIKa. Bblia ycTaHOBJIEHa BBICOKasI MO3UTHBHAs Koppemsiiwst Mexay Cdu Pb (n=16;
r=0.89; p<0.001)a mexmy Cd u AsS - mosutuBHasi cpene BelpaxkeHHas koppemwums (N=16; r=0.73; p<0.05)Hopma nomommurensHoro ymooperuss N B kadectse
CYLLECTBEHHOTO (haKTOpa TOSIBIIETCS TIOTOMY, YTO MBIIIBSK, KQAMHIA ¥ CBUHEL] COICPIKUTCS BO MHOTHX MUHEPAIIBHBIX YAOOPEHISIX U MecTULIOB. OLEeHNBasi BOSMOKHOCTb
TIONA/{aHKsT KaZMUs B PACTCHIIS, HCOOXOIMMO MPHHIMATh BO BHUIMAHHE CIICAYIOLIEE. HCTOPHIO YOOPEHHS TI0MIs, COCPIKAHIE OPrAaHUICCKHX BEILECTB B MIOYBE, BUJ YXO/a 32
TIOJIeM, KIIMMATHYECKHE YCIIOBHSI M OCOOCHHOCTH MOUBBI.
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