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Summary: The objective of the pot experiment was to discdtier effect of magnesium applied in the form of
magnesium nitrate together with soil supplementatibcadmium on the qualitative and quantitativeapseters

of poppy, variety Opal. During the vegetation (st&C 41) Mg fertilisation had a positive effect kly and Ca
concentrations in the plant. Mg application alsd hasynergic effect on N uptake and increasedbitgenit in the
plant. In variants where Cd was supplemented itstect in the plants considerably increased. With Mg
fertilisation the yields of poppy seeds increaségtnvcompared with the unfertilised variants; baotlthie variant
with a natural Cd content and variant where it s#splementede by 3.6 and 19.9%, respectively. We compared
the yields of variants not fertilised with magnesiand found that they increased statistically dicgutly (by
32.1%) in the variant with a higher content of @dwvas similar in variants where Mg was applied. ¥ée that
cadmium had a synergic effect enhancing a betiésation of nutrients, which was reflected in highseed
yields. There were no statistical differences ire thields of poppy straw among the variants. As
a result of Mg application the amount of morphingoppy straw increased; that is both in variarith @ natural
and supplemented Cd content (by ca 5.4 and ca 8e&tectively). As expected, the content of Cddppy seed
increased in variants where it was applied to tile Gomparisons between variants not fertilisethumagnesium
and variants with a natural and increased conte@dsshowed that the concentration of the heavyahietseeds
increased in the same way as in the plant magt@tmost tenfold. Magnesium fertilisation reduced gontent of
cadmium patrticularly in variants where it was seppénted (by almost 50%).
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At the present time poppy is grown in the Czechu®dp for the food industry (seeds)
and for pharmaceutical purposes (alkaloids) in ea af ca 58,000 ha. The enormous
increase in the cultivation areas in the past yeaakes quite obvious especially the
economic advantages of growing this crop traditidoathe region of Central Europe. It is
connected with the need to establish a well-eldbdrand compact growing technology, an
integral part of which is complex plant nutritiomseiring a good supply of available
nutrients in the soil. In addition to a good suppfyall biogenic elements to a great extent
contributing to the production of optimal yieldssdeds and poppy straw, it is necessary to
concentrate attention also on the presence of @outess, which decrease its quality
particularly from the point of view of its use inet food industry.

One of many factors limiting the use of poppy axdfés the increased content of heavy
metals in seeds, in the first place of cadmiuma Inumber of studies [1, 2] attention has
been devoted to “soil - plant” interactions in terof the entrance of this metal into the
food chain. According to Eriksson [3], Oborn et §], McLaughlin et al. [5] and
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Trebichavsky et al. [6] the risk of an increasedteat of Cd is seen in products made from
crops grown on soils with a low pH value, low carttef organic substances, high content
of Cd in the soil and low or high content of Zn &l in the soil. Trebichavsky et al. [6]
reported that 6 mg - Kgof releasing Cd is toxic for plants and soil baetelmportant in
the contamination of the product with this elemant also atmospheric deposits and
mineral P fertilisers made of phosphates with ldgtimium content [7].

A number of literary sources described the uptak€a by the plant in interaction
with microelements (namely with Zn) and its distitibn in tissues [8-13]. The effect of
macrobiogenic elements on cadmium uptake by thatpland its utilisation has been
described in literature only sporadically. Know atudies on the interaction of cadmium
with phosphorus [14] and calcium [10, 15] on planetabolism. Results of authors
illustrating the magnesium - cadmium interactioomarg from the nutrient medium of
plants and its impact on the plant organism arg reze.

In the present study we explored the effect of Migracting with Cd on the contents
of nutrients in poppy plants in the stage of eldioges growth, on yields of poppy seeds,
yields of straw (empty capsules + 15 cm of sterojptent of the morphine alkaloid in the
straw and concentration of Cd in the seeds.

Material and methods

A one-year pot experiment with poppiPapaver somniferum), variety Opal, was
established in the vegetation hall of the Departmain Agrochemistry, Soil Science,
Microbiology and Plant Nutrition of MUAF in Brno.l&stic pots were filled with 9.5 kg of
medium heavy soil characterised as fluvial soil.bl€al gives the agrochemical
characteristics of the soil before establishmenthefexperiment.

Table 2 gives the variants of fertilisation usedhe experiment in 4 replications.

Table 1
Agrochemical characteristics of the soil in mg =*kgm. soil
Content of available nutrients (Mehlich 3) Contentof Cd
pH/CaCl, Total Available
P K ca Mg (aqua regia) (2 M HNO3)
7.3 122 147 2557 144 0.108 0.100
Table 2
Treatments of experiment
Variants of fertilization Doses of nutrients Fertlizers
1 no fertilizer without Cd - -
2 Mg without Cd 0.78 g Mg - pdt Mg(NO,),
3 no fertilizer with Cd 1 ppm Cd (GBO0)Cd - 2HO
4 Mg with Cd 1 ppm Cd; 0.78 g Mg - pbt Mg(NGs),; (CH;COO)Cd - 2HO

Nitrogen in the form of ammonium nitrate (34.5% Was balanced in all variants to
a uniform level of 0.9 g N per pot. After dissotrtiall the nutrients and cadmium were
applied to the soil in the form of watering. Shalleowing of poppy followed fertilisation
(4 May 2006).

During vegetation watering was conducted on a erdudisis with demineralised water
to a level of 60% of the maximal water capacityerttpoppy was thinned out to the final
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number of 4 plants per pot; plant samples werentdéiechemical analyses at stage DC 41
(22 June 2006), the pots were kept weed-free anttraloagainst beet aphid and poppy
downy mildew was conducted.

The plants were harvested on 8 August 2006. Sangflptant matter taken at stage
DC 41 were dried up at 60°C, ground in a mill amanlegenized. This matter was then
subjected to wet mineralization {60, and HO,) [16] and the basic macrobiogenic
elements (N, P, K, Ca and Mg) and Cd content wetterchined. The concentration of
nitrogen was determined using the method accordmgKjeldahl. The contents of
potassium, calcium and magnesium were determinednbgns of atomic absorption
spectrophotometry (AAS) on the Carl Zeiss Jena AQSapparatus. The content of
phosphorus in the extract was determined coloricaly on the UV/VIS
spectrophotometer, ATl Unicam 8625. Cadmium in filants was determined after
microwave decomposition by atomic absorption sp@ttotometry.

Yields were evaluated using the method of variareealysis (programme
STATISTICA 7.1) followed by Tukey's tests at a 9%8wel of significance (p < 0.05).

Results and discussion

The application of magnesium (variants 2 and 4)ieifly increased its content in the
plant matter (Tab. 3). In a similar way the contehiCd increased markedly in variants
where it was supplemented in the soil (varianta4). When we compared the variant not
fertilised with magnesium with a natural contentQuf (variant 1) with variants where Cd
was applied to the soil (variant 3) we saw thatdbecentration of Cd in the plant matter
increased almost tenfold manifesting the closeetation between the uptake of cadmium
by the poppy plant and its content in the soil [XJipcko et al. [18] reported that the uptake
of magnesium increased on Cd-contaminated so#; fihding was not confirmed in our
experiment. Jiang et al. [19] arrived at similanclaisions; they discovered that the effect
of the Cd content on the uptake and transfer of wég small. The results of chemical
analyses of the plants (Tab. 3) further showedtti@applied doses of Mg and Cd were not
reflected in the P and K contents. More marked s interaction of both of these
elements (variant 4) on nitrogen concentration,cWhincreased in contrast to the other
variants.

Table 3
Chemical analyses of plants in the stage of elaogatrowth (DC 41) 22 June 2006

. I [%)] dry matter [ppm]

Variants of fertilization N P K Ca Mg Cd

1 | no fertilizer without Cd 331 0.55 4.90 2.34 0.2 0.11
2 | Mg without Cd 3.32 0.47 4.54 2.72 0.39 0.1

3 | no fertilizer with Cd 3.28 0.45 3.62 2.07 0.22 02.

4 | Mg with Cd 3.74 0.39 4.73 2.57 0.34 0.88

Poppy seed yields were affected by Mg fertilisatiout this result was not statistically
significant (Tab. 4) although the difference inlgie between theSland 2¢ variant was
almost 20%. Soil application of Cd stimulated yiddmation even more. Due to the effect
of the heavy metal the yields of variant 3 increlasignificantly,ie by 32.1%, compared
with variant 1. Seed production was the highestrwikig fertilisation was combined with
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a supplementation of cadmium (9.85 g - HoWe observed that Cd had a synergic effect
and boosted higher utilisation of nutrients whasweflected in the final seed yields. On
the other hand Chizzola [17] reported that yieldspged as much as 25% after soil
application of cadmium.

The differences in straw yields (empty capsulesb+crh of stem) among the variants
were not statistically significant (Tab. 4); theiglg ranged between 27.11 and 31.17 g per
pot.

Table 4
Experimental results of yields

Variants of fertilization Seed yield Yields of straw Content of
[g - pot] [rel.%] [g - pot] morphine [%)]

1 | no fertilizer without Cd 7.20 a 100.0 27.11a 2.7
2 | Mg without Cd 8.63 ab 119.9 31.17a 0.78
3 | no fertilizer with Cd 951b 132.1 29.02 a 0.70
4 | Mg with Cd 9.85b 136.8 27.22 a 0.76

p <0.05 - statistical significance at a 95% level of significance. Variants with identical letters express statistically
insgnificant differences.

Owing to Mg fertilisation the content of morphinethe straw increased as compared
with the variants not fertilised with Mg, both withit and with Cd supplementation (by ca
5.4% and ca 8.6%, respectively, and it correspanitts the findings of Ramanathan [20]
who discovered that the morphine content increas@&n magnesium was applied
separately or in combination with microelements.

Table 5
Cd content in seeds
Variants of fertilization Content of cadmium in seed
[ppm] [rel.%]
1 no fertilizer without Cd 0.287 a 100.0
2 Mg without Cd 0.251a 87.5
3 no fertilizer with Cd 2.702 b 941.5
4 Mg with Cd 1.390 c 484.3

p <0.05 - gtatistical significance at a 95% level of significance. Variants with identical letters express statistically
insignificant differences

Table 5 shows the Cd content in poppy seed. Atigrapplication of Cd its content in
seeds increased as was expected, compared withatlent with a natural soil supply.
Generally speaking most of the Cd is accumulatecbats, then in the vegetative organs
and the least in generative organs. In contrastZoha [17, 21] reported that most of the Cd
in the poppy plant is utilised in the seeds. Inéxperiments the Cd concentration in seeds
was 1.700 mg - kgd.m. when a dose of 4 mg Cd ~kwas applied in the soil. According
to Hoffmann and Blasenbrei [22] the average Cd euntin poppy seed was
0.739 mg Cd - kg d.m., in semi-finished products 0.317 mg Cd “*kim. and in baked
goods 0.107 mg Cd - Kgd.m. Comparisons of control variant with a natuadriant 1)
and increased (variant 3) content of soil Cd shoted the concentration of the heavy
metal in seeds increased similarly as in the plaatter in stage DC 41e almost tenfold.
However, after Mg application the content of thenhe metal declined, particularly in
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variants where it was supplemented (variants 3 4nand where the application of
magnesium nitrate statistically significantly redddhe Cd content by almost 50%. Richter
and LoSadk [23] drew the same conclusions; in the@xperiment the
increased doses of Mg decreased the Cd content &d®3 mg Cd - kg* d.m. to
0.097+0.098 mg Cd - ktd.m. what is on average by 20%. It can be assutadhere is
an antagonism between Cd and Mg in terms of upbgkihe root system, as it is between
Cd and Zn where both ions mutually compete for shme active centres of membrane
carriers.

Conclusion

In the stage of elongation growth the applicatibig and Cd increased their content
in the plant matter. Interaction between the twarednts was reflected more markedly also
in the uptake of N; the P and K contents did nangfe under the effect of Mg and Cd
supplementation. Mg fertilisation increased theldseof poppy seed by almost 20% and
soil application of Cd stimulated yield formatiovem more. A combination of Mg
fertilisation and Cd supplementation of 9.85 g +tpoesulted in the highest seed
production. The differences in straw (empty capsuliel5 cm of stem) yields among the
variants were not statistically significant. DueMg fertilisation the morphine content in
straw increased regardless of Cd supplementatifter Application of Cd to the soil its
content in poppy seed increased as expected. Howafier Mg application the content of
the heavy metal decreased, namely in variants wher@s supplemented (by almost 50%).
Here the increased content of Mg in the plants @lmly worked despite the competitive
inhibition restricting the uptake and transportaf in the plant.

Acknowledgements

This research was performed within the frameworthefgrant NAZV QF 3173.

References

[1] Pavlikova D., Tlusto$ P., Szakova J. and BalilRostl. Vyroba, 19973(10), 481-486.

[2] Soderstrdom M. and Eriksson J.E.: Acta Agricad. Sect. B. Soil Plant. Sci., 1996, 249-257.

[3] Eriksson J.E.: Water, Air Soil. Pollut., 19%R, 69-81.

[4] Oborn 1., Jansson G. and Johnsson L.: WaterSAil. Pollut., 199585, 835-840.

[5] McLaughlin M.J., Maier N.A. and Rayment G.E. Ehviron. Qual., 199726, 1644-1649.

[6] Trebichavsky J., Savrdova D. and Blohberger Txické kovy, NSO, Kutna Hora 1997, 510.

[7] Kabata-Pendias A. and Pendias H: Trace eleniergsils and plants. Boca Raton, CRC Press, FotitBA
1986, 316.

[8] Green C.E., Chaney R.L. and Bouwkamp J.: htPMutr., 200326(2), 417-430.

[9] Jackson A.P.: The bioavailability of cadmiurorr sewage sludge amended soils. PhD. Thesis. Uitivef
London, UK 1990.

[10] Mani D., Sharma B. and Kumar C.: Environ. Gont Toxicol. B, 200779(1), 71-79.

[11] Meshitsuka S., Ishizawa M. and Nose T.: Exgreia, 198743(2), 151-156.

[12] Zhao Z.Q., Zhu Y.G. Smith S.E. and Smith F.A.Plant Nutr., 20028(9), 1569-1580.

[13] zhu Y.G., Zhao Z.Q., Li H.Y., Smith S.E. andnBh F.A.: Environ. Contam. Toxcol. B, 20031(6),
1289-1296.

[14] Dheri G.S., Brar M.S. and Malhi S.S.: J. Plawatr. Soil. Sc., 2007,70(4), 495-499.

[15] Zoghlami L.B., Djebali W., Chaibi W. and GhettM.H.: Cr. Biol., 20063299), 702-711.

[16] Zbiral J.: Plant analysis. JPP Central Ingtifior Supervising and Testing in Agriculture, Brt204.

[17] Chizzola R.: J. Plant. Nutr., 20024(11), 1663-1677.

[18] Ciecko Z., Kalembasa S., Wyszkowski M. andiKRdE.: Pol. J. Environ. Stud., 200B(3), 365-370.



134 Petr Skarpa, Tomas Lo$ak and Rostislav Richter

[19] Jiang X.J., Luo Y.M., Liu Q., Liu S.L. and Zb&.G.: Environ. Geochem. Hith., 20(§(2-3), 319-324.
[20] Ramanathan V.S.: Indian J. Agric. Res., 193 82-85.

[21] Chizzola R.: J. Appl. Bot. Food. Qual., 1997(5-6), 147-153.

[22] Hoffmann J. and Blasenbrei P.: Z. Lebensmeunforsch., 1986,822), 121-122.

[23] Richter R. and Lo$ak T.: Ecol. Chem. Eng., @0®(9), 965-972.

WPLYW NAWO ZENIA MAGNEZEM | DODATKU KADMU DO GLEBY
NA PLONOWANIE | PARAMETRY JAKO SCIOWE MAKU
(Papaver somniferum)

Streszczenie Celem badé prowadzonych w daviadczeniu wazonowym byto poznanie wplywu naemia
magnezem, zastosowanym w formie azotanu magneaa, dodatku kadmu do gleby na parametrycilowe

i jakosciowe maku, odmiana ‘Opél’. W czasie wegetacjidigtm DC 41) nawgenie miato pozytywny wptyw na
zawarté¢ Mg i Ca w rdlinie. Stosowanie Mg miato tewptyw synergiczny na pobieranie N i zk&zalo jego
zawartd¢ w raslinie. W wariantach, w ktérych dodawano kadmu, jegwartd¢ w roslinie wzrastata. W wyniku
nawazenia plony nasion maku zgkiszaty s¢ w poréwnaniu z wariantami nienasanymi; zaréwno w wariancie

z naturalm zawartécia Cd, jak i w wariancie z dodatkiem Cd, odpowiedni®,6 i 19,9%. Poréwngg plony

z poszczegoélnych wariantéw nienawaych magnezem, stwierdzon@ w wariancie z vekszym dodatkiem Cd
wzrastaly one statystycznie istotnie (o 32,1%), gimide jak w wariantach, w ktérych zastosowano Mg.
Zauwaono, ze kadm ma wplyw synergiczny, powodajlepsze wykorzystanie sktadnikéw pokarmowych, co
objawiato st wiekszymi plonami nasion. Nie bylo statystycznie isymh ré&nic w plonach stomy maku
pomigdzy wariantami. Na skutek stosowania Mg wzrastadavaztéé morfiny w stomie maku zaréwno
w wariantach z naturadnzawartdcia Cd, jak i z jego dodatkiem (odpowiednio o okotat 5, 8,6%). Jak
oczekiwano, zawar§é Cd w nasionach maku wzrastata w wariantach, wyktddodano go do gleby. Poréwnanie
pomigdzy wariantami nienawonymi z dodatkiem magnezu i wariantami z naturalawickszory zawartdcia

Cd wykazalo,ze zawarté¢ metali cizkich w nasionach wzrastata w podobnym stopniu jakmateriale
roslinnym, tj. prawie dziegciokrotnie. Nawaenie magnezem zmniejszato zawéttkadmu, zwiaszcza
w wariantach, w ktérych metal ten byt dodawany l{sko 50%).

Stowa kluczowe mak, magnez, kadm, nawenie, nasiona, stoma, plon, morfina



