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THE INFLUENCE OF ORGANIC MATTER ON YIELD AND
QUALITY OF WINTER WHEAT  Triticum aestivum ssp. vulgare (L.)
CULTIVATED ON SOILS CONTAMINATED
WITH HEAVY METALS

WPLYW MATERII ORGANICZNEJ NA PLON | JAKO SC
PSZENICY OZIMEJ Triticum aestivum ssp. vulgare (L.)
NA GLEBACH ZANIECZYSZCZONYCH METALAMI CI  EZKIMI

Abstract: The aim of this study was to determine the infeenf organic matter from different sources on the
yield of winter wheat and macroelements conteritt ifthe experiment was carried out in stonewars pahk into
the ground filled up with 56.4 kg of soil: Hapliaisols formed from loamy sand. The soil was slightidic.
The soil was mixed up with liquid form of salts: @lDs),, Pb(CHCOO), and ZnSQ. To the soil a brown coal
preparation, so called “Rekulter”, brown coal, paad farmyard manure were applied in the amoudB86f 140,
390 and 630 g per pot, which is equivalent to 5d¥lgrganic carbon per ha. Winter wh@aiticum aestivum ssp.
vulgare (L.) for grain was cultivated. The manurial value ofanig substance originated from different sources
expressed as the plants' crop was the highest éauliRr and the lowest for peat. The addition cjamic
substance to soil contaminated with heavy metaisses the higher content of potassium, magnesium and
nitrogen in winter wheat's grain. The content d€ican and sodium in winter wheat grain's did nopeted from
addition of organic matter to soil. Organic matéelded into contaminated soil increased the uptékaain
macroelements by winter wheat straw. Organic métitization broadened the K: (Ca + Mg) ratiograin and
straw.

Keywords: soil contaminated with heavy metals, winter whgaid, macroelements

Wheat is the species of cereals which, owing texitsemely varied uses and large area
of cultivation, constitutes the basic food all otlee world. Suitable supply of all nutrients
throughout the whole growing season is a necessagition for producing high and good
quality wheat grain yields. Not only nitrogen féz@tion but also phosphorus, potassium or
magnesium nutrition is important [1, 2]. Health kaarities in many parts of the world are
becoming increasingly concerned about the effettseavy metals on environmental and
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human health and their potential implications teefinational trade. For example, Cd
accumulation in the offal of grazing animals noflyomakes it unsuitable for human

consumption but also imperials the access of @ifatlucts to overseas markets. Similarly,
bioaccumulation of Cd in potato, wheat and ricepsrbas serious implications to local and
international commodity marketing [3-5].

In Poland, soils species (predominantly sandy jsaitel inadequate land management
have led to a reduction in the organic matter aanté soils. Among the various reactive
soil constituents, soil organic matter has a laggtion capacity towards metal ions [6-8].
Organic matter has been considered to preserveadreamount of heavy metals. The
protective role of organic matter towards plargs lin forming simple and chelate complex
compounds with ions of heavy metals. Maintenancadefjuate organic matter levels in the
soils is also very necessary to maintain soil lfgrtand sustainable crop production [9].
Therefore, new sources of organic matter have begmed, such as municipal solid waste
compost, low energetic value brown coal and sewslgdge [10-12]. Moreover, the
produced low-cost brown coal preparation could Beduas amendment in agriculture,
meanwhile recycling its valuable components: orgamatter, N, P and other plant nutrients
[13, 14].

The aim of this study was to determine the infl@en€ organic matter from different
sources (brown coal preparation, so called “ReKylterown coal, peat and farmyard
manure) on the yield of winter whe@titicum aestivum ssp. vulgai@&.) and content of
macroelements: K, Mg, Ca, Na, P, N, cultivated eavy metals contaminated soils.

Materials and methods

The experiment was carried out in stoneware pots ditmeter of 40 cm and a height
of 120 cm sank into the ground filled up with 5&g of soil: Haplic Luvisols originated
from loamy sand, situated in an open area. To tightly acidic soil a brown coal
preparation, so called “Rekulter”, brown coal, peatd farmyard manure were applied in
the amount of 180, 140, 390 and 630 g per pot, wiicequivalent to 5 Mg of organic
carbon per ha. The “Rekulter” contained 85% browal,c10% peat, 4% brown coal ash,
and 1% mineral fertilizers. The soil was mixed uphwiquid form of salts: cadmium as
Cd(NG,),, lead as Pb(CKCOO), and zinc as ZnSQ which after blending led to the
following concentrations of heavy metals (inkg” of soil): 90.0 (Zn), 60.4 (Pb) and 0.80
(Cd).

Soil samples were taken at the depth of 20 crhénsecond year after the application
of amendments. In the soil samples the followintadeere determinedpH,, , and phc,

total organic carbon (TOC) content by Tiurin's negthtotal nitrogen (Nt) content by
Kjeldahl's method.

Winter wheatTriticum aestivum ssp. vulgai@&.) was harvested at the full maturity
stage. Plants were collected and washed, weightedi dries at 61 to constant weight.
Content of macroelements: K, Mg, Ca, Na, P in ptarples were determined by atomic
absorption. Nitrogen after mineralization in cortcated HSO, by Kjeldahl's method.
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Results and discussion

From the experiment it follows that introductiorndrthe soil of organic matter coming
from various sources changes physicochemical ptiepesf the soil (Table 1). The highest
increase in pH fH,,,, = 5.38; phc = 4.98) was found in the stonepots (soil withouavye

metals) where the Rekulter was used, and the sshaflerease occurred in objects (soil
without heavy metals) with manureHi,, , = 4.93; pHc = 4.54).

In objects with brown coal (soil contaminated ot oontaminated with heavy metals),
the total organic carbon (TOC) amounted to aboutyk®™; in the stonepots with the
Rekulter to about 15-kg™, while in the objects with peat or farmyard maniingas about
8 gkg™ The highest growth in the total nitrogen cont@h655 gkg™) occurred with the
Rekulter, and the lowest (0.508&g ) in the object with peat. The widest range of TOC
Nt ratio came about with the Rekulter, which wag do the highest TOC content in this
object. Other authors experimenting with Rekulted drown coal obtained similar results
[15, 16].

Table 1
The basis properties of soil samples
. pH in TOC [ Nt _

Objects H,0 KCi (kg TOC:Nt
Control 4.92 4.33 7.30 0.460 15.9
Control + heavy metals 4.93 4.39 7.90 0.476 16.6
Rekulter 5.38 4.98 15.05 0.629 24.6
Rekulter + heavy metals 5.32 4.96 15.49 0.655 23.6
Peat 5.22 4.62 8.01 0.509 15.7
Peat + heavy metals 5.06 4.79 8.19 0.508 16.1
Farmyard manure 4.93 4.54 8.27 0.533 15.5
Farmyard manure + heavy metals 4.99 4.53 8.56 0.538 15.9
Brown coal 5.25 4.96 12.35 0.596 20.7
Brown coal + heavy metals 5.12 4.97 12.65 0.594 21.3
LSDa =0.05 0.021 0.024 0.17 0.025 0.47

Notation: LSD - least significant different, TOGotal organic carbon, Nt - total nitrogen

Soil contamination with cadmium tends to have aweask influence on the vyield of
plants. Ghani [17] proved that cadmium decreasedmge yield of mungbean. Giko et al
[18] showed that cadmium soil pollution caused almgreater decline of green matter
yield in maize than in oats. Organic amendmag$armyard manure, peat contain plant
nutrients and organic matter, which are benefigiadoils with respect to their productivity
as well as for reclamation purposes.

It comes out from the experiment, that introductafnorganic matter from different
sources, into heavy metals' contaminated soil émibed, on yield and plant quality (Tables
2-5). The manurial value of organic substance paigid from different sources expressed
as the plants' crop was the highest for Rekulterthe lowest for peat. In the present trial
contamination of soil with cadmium, lead and zirsuged a high decline in the yield of
winter wheat of fresh and dry mass reaching, raspdg, 88% and 78% compared with
objects without heavy metals (Table 2). By addihg Rekulter, brown coal, peat and
farmyard manure, the negative influence of heavyateeon yield of winter wheat was
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neutralized. The highest yield of winter wheat oésh and dry mass was in case were
Rekulter was applied. It acts by creating bettér canditions for plants' vegetation using
Rekulter. Similar results were reported by & et al [19], they found out that addition of
brown coal into contaminated soil caused a conaler increase in the yield of
above-ground part of triticale.

Table 2
The yield of above - ground part of winter wheafregh and dry mass fspt ]
. Yield

Objects Fresh mass Dry mass
Control 145.0 100.0
Control + heavy metals 127.5 78.5
Rekulter 446.5 289.5
Rekulter + heavy metals 217.8 143.5
Peat 372.2 240.0
Peat + heavy metals 192.5 123.3
Farmyard manure 421.2 267.5
Farmyard manure + heavy metals 245.0 146.3
Brown coal 432.8 280.0
Brown coal + heavy metals 240.0 138.7
LSD o =0.05 38.18 31.72

Notation: see Table 1

Tables 3, 4 and 5 show the changes in plant coitiposdue to the heavy metals and
different sources of organic matter treatment,eiims of the ratio of the concentration of
Ca, Mg, K, Na, N or P in plants grown.

Potassiumis one of the cations which are absorbed by plamtadvance to their
biomass growth. Accumulation of potassium in whgaés on until the flowering stage,
after which it fell by half compared with the maxim uptake [20]. Whitehead [21]
reported potassium concentration of 2Egg- as typical of grass, with different species in
the range of 15-35-kg™* (ryegrass and white clover). Winter wheat frons tkperiment
had potassium concentrations range from 4 to-&k@ f(Table 3). Contents of potassium in
grain of winter wheat, significantly increased,lilehced by addition of organic matter in
comparison with control object. However, contaniomatof soil with heavy metals,
significantly decrease potassium uptake by grairwifter wheat. The accumulation of
potassium in straw was bigger than in grain of @intheat.

Calciumconcentrations were higher in winter wheat in otgedth addition of organic
substance into soil (Table 3). The increase ofeamnof calcium in straw of winter wheat
was higher in objects without heavy metals. Highaamtrations of heavy metals, especially
Zn** ions may cause limited sorption of calcium ionshatvdirectly diminishes the
cementing of cell walls by calcium pectinates tletds to the maceration of root tissue
[22]. In straw of winter wheat contents of calciwas the highest on object with farmyard
manure.

Good _magnesiunsupply favours higher content of nitrogen and @ret. Contents of
magnesium in winter wheat increased, after additibnorganic matter from different
sources in comparison with control object (TablelB)all examined parts of winter wheat
contents of magnesium was the highest on objedt ekulter”. Just as in case of
calcium, there was in grain smaller contents of mesgm, which was apparently
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translocated from roots to above ground part of tevinwheat. Straw magnesium
concentrations in this study ranged from 0.53 &533kg™* compared with 2.40-3.12kg™"
in a companion field study [23].

Table 3
Potassium, calcium and magnesium content in wimkeat dry mass fgg™d.m.]
. Grain Straw

Objects K | Ca | Mg | K | Ca | Mg
Control 418 | 0.28 | 1.08 | 4.08 | 2.05 | 0.53
Control + heavy metals 403 | 0.30 | 1.12 | 561 | 244 | 047
Rekulter 497 | 029 | 194 | 6.87 | 355 | 0.58
Rekulter + heavy metals 468 | 0.38 | 1.15 | 9.84 | 3.13 | 0.62
Peat 455 | 034 | 186 | 6.85 | 3.00 | 0.58
Peat + heavy metals 446 | 035 | 1.17 | 843 | 2.77 | 0.61
Farmyard manure 492 | 0.36 | 1.84 | 7.17 | 295 | 0.58
Farmyard manure + heavy metals 466 | 0.35 | 1.23 | 9.19 | 285 | 0.61
Brown coal 494 | 038 | 194 | 6.27 | 3.33 | 0.55
Brown coal + heavy metals 475 | 040 | 125 | 104 | 3.06 | 0.73
LSD o =0.05 0.09 | 0.08 | 005 | 1.24 | 035 | 0.11

Notation: see Table 1

Content of sodiunin grain of winter wheat was the smallest in vatriaith farmyard
manure whereas the highest in variant with browal @m both contaminated soil and
without heavy metals (Table 4). Content of sodiuas\the biggest in straw in object with
brown coal. Organic matter from different sourcas bt significantly effect on content of
sodium in grain and straw of winter wheat in olgeetth contaminated soil compared with
objects without heavy metals.

Table 4
Sodium, phosphorus and nitrogen content in wintezat dry mass [gg™d.m.]
. Grain Straw

Objects Na P N Na P N
Control 0.030 3.29 17.4 0.03 3.64 48.3
Control + heavy metals 0.028 3.57 18.4 0.04 3.59 57.2
Rekulter 0.032 3.70 27.8 0.08 4.57 33.6
Rekulter + heavy metals 0.031 3.45 30.9 0.15 4.37 77.4
Peat 0.030 3.51 27.7 0.04 4.65 36.2
Peat + heavy metals 0.032 3.54 30.9 0.08 4.42 68.9
Farmyard manure 0.027 3.63 25.1 0.05 4.57 45.6
Farmyard manure + heavy metals 0.028 3.46 27.3 0.14 4.12 77.9
Brown coal 0.033 3.68 26.4 0.07 4.69 49.9
Brown coal + heavy metals 0.032 3.45 28.7 0.16 4.29 90.2
LSD a = 0.05 0.003 0.84 2.50 0.09 0.65 7.01

Notation: see Table 1

Addition of organic matter from different sourcesoi soil has not caused growth of
content of phosphorus grain of winter wheat (Table 4). Content of ppborus in straw of
winter wheat has grown influenced by added organétter on soil contaminated with
heavy metals. It was also observed that higherecdrdf this macronutrient was in straw
than in grain, in all objects. Contents of phosplkan grain and straw of winter wheat did
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not differ significantly depending on source of angc matter added into soil relatively to
control. The results confirm researches of othénas [24] where addition of brown coals'
ash caused decrease of contents of phosphoruaritspl

It was observed the smallest content of nitrogegrain of winter wheat on control
from uncontaminated soil whereas, the highest jeab with the Rekulter and peat (Table
4). Content of nitrogen in biomass of winter wheeds significantly higher on soll
contaminated in comparison with soil without heawgtals. Added into soil organic matter
significantly influence on growth of content ofnoigen in grain of winter wheat. It catches
on generally, that mineral fertilization supporteyl organic fertilization it plays decisive
effect on in forming of harvest of plant and thelvemical compositions [13, 24]. The
results obtained from this research confirmed them.

The ratio of potassium to sum of calcium and maigme€ould be used to express the
relationships between K content and Ca plus Mgeust respectively [25, 26]. The ratio
of potassium to sum of calcium and magnesium dealabeit usefulness of plant. It catches
on, that this ratio should not be widest in plehtn 2.5 : 1, so, danger gets in case of grain
of all objects on soil contaminated with heavy reef@able 5). Under influence of organic
matter from the “Rekulter” the contents of calciamd magnesium in grain of winter wheat
increased and reduced the ratio K: (Ca + Mg) imtslavhich influenced on theirs quality.

Table 5
Ratio K: (Ca + Mg) in winter wheat

Obijects Grain Straw
Control 3.07 1.58
Control + heavy metals 2.84 1.93
Rekulter 3.23 1.66
Rekulter + heavy metals 3.06 2.62
Peat 2.07 1.91
Peat + heavy metals 2.93 2.49
Farmyard manure 2.24 2.03
Farmyard manure + heavy metals 2.95 2.66
Brown coal 2.13 1.62
Brown coal + heavy metals 2.88 2.74

Conclusions

Organic matter originated from different sourceplaation into soil increased soil pH,
content of total organic carbon (TOC) and totatagien. In object with the Rekulter, this
led to significant increases of yield and its gyatiompared with farmyard manure, peat
and brown coal treatments. The content of sodiugréin of winter wheat did not depend
from addition of organic matter into soil. The atlihh of organic substance into soil
contaminated with heavy metals (Cd, Zn, Pb) catisesmaller content of phosphorus in
grain and straw of winter wheat. Winter wheat ealted on contaminated soil contained
more nitrogen in comparison with objects withouahemetals.

Basing on the final results it can be stated that‘Rekulter” had the biggest, positive
influence on analysed factors compared with farehyaanure, peat and brown coal. Under
the influence of the “Rekulter” the contents ofaiain and magnesium in winter wheat
increased and reduced the ratio K: (Ca + Mg) imtslavhich influenced on their quality.



The influence of organic matter on yield and quyadit winter wheat .. 707

References

(1]

(2]

(3]
(4]
(5]

(6]

[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]

(18]

[19]

[20]

[21]

Valizadeh GR, Rengel Z, Rate A. Wheat genotypesdiffi growth and phosphorus uptake when with
different sources and rates of phosphorus bandedniged in soil in pots. Austr J Exper Agric.
2002;42(8):1103-1111. DOI: 10.1071/EA01087.

Zhao FJ, Su YH, Dunhama SJ, Rakszegi M, Bedo Z, feitGSP, et al. Variation in mineral micronutrient
concentrations in grain of wheat lines of diversggin. J of Cereal Sci. 2009;49:290-295. DOI:
10.1016/j.jcs.2008.11.007.

Kirkham MB. Cadmium in plants on polluted soilsfeets of soil factors, hyperaccumulation, and
amendments. Geoderma. 2006;137:19-32. DOI: 10&64lerma.2006.06.024.

Perez AL, Anderson KA. DGT estimates cadmium acdatiun in wheat and potato from phosphate
fertilizer applications. Sci Total Environ. 2009;3896-5103. DOI: 10.1016/j.scitotenv.2009.05.045.

Hart JJ, Welch RM, Norvell WA, Kochian LV. Transpointeractions between cadmium and zinc
in roots of bread and durum wheat seedlings. PhyBiant. 2002;116:73-78. DOI: 10.1034/j.1399-
3054.2002.1160109.x.

Benedetti MF, Van Riemsdijk WH, Koopal LK, Kinnitglr DG, Goody DC, Milne CJ. Metal ion binding
by natural organic matter: from the model to theeldfi Geochimica Cosmochimica Acta.
1996;60(14):2503-2513.

Yin Y, Impellitteri CA, You SJ, Allen HE. The imptance of organic matter distribution and extradt so
solution ratio on the desorption of heavy metadenfisoils. Sci Total Environ. 2002;287:107-119.

Zeng F, Ali S, Zhang H, Ouyang Y, Qiu B, Wu F, ktThe influence of pH and organic matter content i
paddy soil on heavy metal availability and theitake by rice plants. Environ Pollut. 2011;159:84-BDOI:
10.1016/j.envpol.2010.09.019.

Park JH, Lamb D, Paneerselvam P, Choppala G, BNla@hung J. Role of organic amendments on
enhanced bioremediation of heavy metal(loid) comabed soils. J Hazard Mater. 2011;185:549-574.:DOI
0rg/10.1016/j.jhazmat.2010.09.082.

Bhattacharyya P, Chakrabarti K, Chakraborty A. Besl effect of municipal solid waste compost on
microbial biomass and activities in mustard growsd. Arch Agron Soil Sci. 2003;49:585-592.

Basu M, Bhadoria PBS, Mahapatra SSCC. Comparaffeetiweness of different organic and industrial
wastes on peanut: plant growth, yield, oil contembtein content, mineral composition and hydration
coefficient of kernelsArch Agron Soil Sci. 2007;53:645-658.

Liu LN, Chen HS, Cai P, Liang W, Huang QY. Immobdtion and phytotoxicity of Cd in contaminated soil
amended with chicken manure compost. J Hazard Mat@009;163:563-567. DOI:
10.1016/j.jhazmat.2008.07.004.

Kwiatkowska J. Dynamics of organic matter in s@ihing from different sources. Monografie. Ochri In
Srodow - Zréwnowaony Rozw6j. Wydziat laynierii Mechanicznej i Robotyki AGH; 2008;37:1051L1
Kwiatkowska J, Provenzano MR, Senesi N. Long-teffaces of brown coal-based amendment on the
properties of soil humic acids. Geoderma. 2008 2@8-205. DOI: 10.1016/j.geoderma.2008.10.001.
Maciejewska AKwiatkowska J. Properties of brown coal and itshilgg for improvement of soil structure.
Humic Substances in Ecosys. 2005;6:115-117.

Maciejewska A, Kwiatkowska-Malina J. The influenoebrown coal on physico-chemical properties of
sandy soils. Humic Substances in Ecosystems. 20@%58.09.

Ghani A. Effect of cadmium toxicity on the growthdayield components of mungbean [Vigna radiata (L.)
Wilczek]. World Applied Sci J 8 (Special Issue ofiochnology & Genetic Engineering).
2010;8:26-29.

Cietko Z, Wyszkowski M,Zotnowski A. Ocena wplywu kory drzewnej i torfu orazapnowania na
pobieranie kadmu przez owies i kukurgdZesz Probl Post Nauk Roln. 1995;418(2):603-6@9P@lish,
with English abstract).

Cietko Z, Wyszkowski M, Krajewski W, Zabielska J. Effaaf organic matter and liming on the reduction
of cadmium uptake from soil by triticale and sproitgeed rape. Sci Total Environ. 2001;281:37-45.
Arienzoa M, Christena EW, Quaylea W, Kumar A. Aiesv of the fate of potassium in the soil-plant syst
after land application of wastewaters. J Hazard ekat 2009; 164:415-422, DOL:
0rg./10.1016/j.jhazmat.2008.08.095.

Whitehead DC. Nutrient Elements in Grassland. Baht Animal Relationships. Wallingford, UK: CAB
International; 2000.



70€ Danuta Leszczska and Jolanta Kwiatkowska-Malina

[22] Kinraide TB, Pedler JF, Parker DR. Relative effemtiess of calcium and magnesium in the alleviation
rhizotoxicity in wheat induced by copper, zinc, ralaum, sodium, and low pH. Plant and Soil.
2004;259:201-208.

[23] Shewmaker GE, Johnson DA, Mayland HF. Mg and Kogffen cation uptake and dry matter accumulation
in tall fescue (Festuca arundinacea). Plant S6082302:283-295. DOI: 10.1007/s11104-007-9482-3.

[24] Kalembasa S, Wysokski A. Wplyw nawaenia mieszanin osadéwsciekowych z popiotem z ygla
brunatnego lub CaO na plon i sklad chemicznglimo Cz$¢ Il. Zawarté¢ wybranych makroelementow.
Zesz Probl Post Nauk Roln. 2002;482:257-263 (insRplvith English abstract).

[25] Maciejewska A, Kwiatkowska JWptyw nawozu organiczno-mineralnego zgha brunatnego na plony
i zawarté¢ K, Mg, Ca w rdlinach. Zesz Probl Post Nauk Roln. 2001;480:281-@8%olish, with English
abstract).

[26] Smiles DE. Sodium and potassium in soils of the rsyyDarling Bas: a note. Aust Soil J Res.
2006;44:727-730.

WPLYW MATERII ORGANICZNEJ NA PLON | JAKO SC
PSZENICY OZIMEJ Triticum aestivum ssp. vulgare (L.)
NA GLEBACH ZANIECZYSZCZONYCH METALAMI CI  EZKIMI

1 Zaktad Uprawy Réin Zbozowych, Instytut Uprawy Nawgenia i Gleboznawstwa -
Paistwowy Instytut Badawczy Putawach
2 Katedra Gospodarki Przestrzennej i Naukradowisku Przyrodniczym
Wydziat Geodezji i Kartografii, Politechnika Warseska

Abstrakt: Celem pracy byta ocena wptywu materii organicznefznych zrédet na wielké¢ plonu i zawartéc
makroelementéw w pszenicy ozimej. Badania prowadzem wazonach kamionkowych umieszczonych
w gruncie, ktére wypetniono gletptows wtasciwa (wg WRB, Haplic Luvisols), wytworzaenz piasku gliniastego
lekkiego na glinie lekkiej. Gleba charakteryzowsialekko kw&nym odczynem. Do gleby wprowadzono metale
ciezkie w formie soli: ZnS@ Pb(NQ), i Cd(NGs). Jednocz&nie do gleby dodano jednorazowo: nawéz
organiczno-mineralny z ¢gla brunatnego "Rekulter",¢giel brunatny, torf lub obornik w dawkach odpowiezn
180, 140, 390 lub 630 g na wazon, co odpowiadatbm C-org na ha. W dwiadczeniu uprawiano pszenic
ozimg Triticum aestivum ssp. vulgarng) odmiany Alba. W prébach ¢bnnych oznaczono og&inzawartdé
wapnia, magnezu, sodu, potasu, fosforu i azotu.tédanawozowa substancji organicznej zmgch zrodet
wyrazona plonem rdlin byla najwy:sza dla ,Rekultera”, a najrza dla torfu. Dodatek substancji organicznej do
gleby powoduje wzrost zawatm K, Mg, P i N w ziarnie i stomie pszenicy. Zaw@it sodu i wapnia w ziarnie
pszenicy nie zai@ta od zanieczyszczenia gleby metalamizkimi i dodatku materii organicznej. Zawaséo
azotu w ziarnie i stomie pszenicy na glebie zanjiszzzonej byta wksza w poréwnaniu do §tin z gleby bez
metali ckzkich. Dodatek materii organicznej do gleby spowodbrezszerzenie stosunku K : (Ca + Mg) w ziarnie
i stomie pszenicy.

Stowa kluczowe:gleba zanieczyszczona metalamizkimi, pszenica ozima, plon, makroelementy



