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Abstract

Selenium is a trace element which in small amounts is necessary for human and ani-
mal nutrition. In a living organism, it helps a number of antioxidant enzymes to function
normally. In many parts of the world, including the Central European region, its content
in agricultural products is very low. Attempts are therefore made to increase its content
and cover human requirements with biologically valuable products by incorporating sele-
nium into the system of plant nutrition. In a vegetation trial established in 2008 and 2009,
we explored the effect of foliar applications of Se(IV) on yields and on its content in seeds
and the uptake of selenium by a poppy (Papaver somniferum L.) stand. Selenium was ap-
plied at a rate of 300 g ha! during the stage of the end of elongation growth and after
the fall of blossoms. Poppy yields were significantly influenced by the weather in the expe-
rimental years. In the dry year of 2009, poppy production was 40.6% lower than in 2008.
Selenium application at the end of elongation growth reduced poppy seed yields by an ave-
rage of 11.5%. Late supplementary nutrition at the stage after blossom fall also reduced
yields (by 11.8%). Owing to the effect of extra-root Se nutrition, the content of selenium
in poppy seeds increased highly significantly from 139 pg kg! to 757 ng kg™! of seeds.
Also the uptake of selenium by the poppy stand was significant and after foliar application
it increased 4.8 times.
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NAWOZENIE DOLISTNE MAKU (PAPAVER SOMNIFERUM L.) SELENEM
I WPLYW NA ZAWARTOSC SELENU W ZIARNIE MAKU

Abstrakt

Selen to pierwiastek Sladowy, ktory w niewielkich iloSciach jest niezbedny w zywieniu
ludzi i zwierzat. W zywym organizmie selen wspomaga prawidtowe dziatanie wielu enzy-
mow antyoksydacyjnych. W wielu rejonach $wiata, tacznie z obszarem Europy Srodkowej,
zawarto$¢ selenu w produktach rolnych jest niewielka. W zwigzku z tym podejmowane sa
starania, by zwiekszy¢ jego zawarto$¢ przez wprowadzenie selenu do systemu nawozenia
ro§lin uprawnych, by pokryé zapotrzebowanie na ten pierwiastek w diecie dzigki biologicz-
nie warto$ciowym produktom.

W doswiadczeniu wegetacyjnym przeprowadzonym w latach 2008 i 2009 badano wptyw
dolistnego nawozenia Se(IV) na plonowanie maku (Papaver somniferum L.) oraz na za-
warto$¢ selenu w ziarnie maku i pobor tego pierwiastka przez rosliny. Selen zastosowano
w dawce 300 g ha! pod koniec fazy wzrostu todygi oraz w czasie przekwitania. Plony maku
byly silnie uzaleznione od warunkéw pogodowych w czasie doswiadczenia. W suchym 2009 r.
plon maku byl o 40,6% nizszy niz w 2008 r. Zastosowanie selenu pod koniec fazy wzrostu
todygi ograniczyto plon maku o Srednio 11,5%. Pdzniejsze zastosowanie nawozenia selenem,
w fazie przekwitania, takze zmniejszylo plony (o 11,8%). Dzieki dodatkowemu dozywieniu
korzeni selenem zawartoéé Se w ziarnie maku wzrosta istotnie ze 139 pg kg=! do 757 pg
kgl Pobér selenu przez lan maku takze byt istotny, i wzrést 4,8-krotnie po nawozeniu
dolistnym tym pierwiastkiem.

Stowa kluczowe: selen, mak, nawozenie dolistne, plon ziarna, jako§é ziarna.

INTRODUCTION

Selenium is classified into a group of micronutrients which appear in
plants in the form of a number of allotropic variants, like sulphur (TERrRY
2000). In human and animal organisms, it ensures a number of metabolic
functions. Its deficiency damages the enzyme systems which protect cells
from oxidation stress and in humans it strengthens the defence system of
the organism (Comss, Gray 1998, BrooME 2002, ARTHUR 2003).

Plant products lack Se, particularly in the Central European region.
Therefore, efforts are made to increase its content and to cover human
demands with biologically valuable products by incorporating selenium into
the system of plant nutrition (SMRKOLJ, STIBILJ 2004, GERM et al. 2007, OZBoLT
et al. 2008). The recommended daily rate of selenium ranges around 40 pg
in women and 50 pg in men (ALEXANDER 2005) or — according to the National
Health and Medical Research Council — from 50 to 200 pg per individual/day
(PrANNHAUSER 1994). It is administered in the form of inorganic compounds
and is more difficult to utilise than biologically bound selenium in plants.

Although there are many reference sources dealing with foliar applica-
tions of Se to various plant species, such as potatoes (Pocar et al. 2000,
CUDERMAN et al. 2008), rice (Fang et al 2008, Liu and Gu 2009), soybean (YANG
et al. 2002, MaRTINEZ et al. 2009), leguminous plants and grasses (Hu et al.
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2009, HamBUCKERS et al. 2008), or various vegetable species (SMRKOLJ et al.
2005, SLEJKOVEC, GOESSLER 2005, KaroLNa et al. 2009, Rios et al. 2010), rela-
tively little is known about the effect of selenium application on the growth
and development of poppy grown as foodstuff.

MATERIAL AND METHODS

In 2008 and 2009, in small-plot field experiments, we monitored the
effect of foliar applications of Se(IV) on yields and quality of poppy seeds. In
2008, an experiment was conducted in Morkovice (49°14»48.53"N,
17°12»19.61"E), and in 2009 it was set up in Zabcice (49°0»42.32"N,
16°36»9.98"E). The experiment was established according to the design given
in Table 1. The basic data about the agrochemical soil composition are giv-
en in Table 2.

Table 1

Design of the experiment

Variant ’I‘rea‘.crpen!;s Dose of 1Se Source Time of application
no. of fertilization (g ha™!) of Se (IV)
1 control 0
2 Sel 300 NaySeO, end of elongation growth
3 Se2* 300 NaySeO, after flowering

*only in 2009

Table 2
Agrochemical characteristics of the soil
Content of nutrients in mg kg~ DM soil (Mehlich 3)
Year pH/CaCl,
Nmin. P K Ca Mg Swater—sol.
2008 6.2 15.0 91 254 2672 244 29.0
2009 6.2 5.0 66 179 4477 313 10.6

An Accord seeding machine was used for sowing spring poppy, variety
Major, on 15 February 2008 and 24 March 2009. The seeding rate in both
years was 1.5 kg ha™1, inter-row spacing 0.2 m. The size of the experimen-
tal plot was 15 m?2 (2008) and 10 m2 (2009) and each treatment was repeat-
ed 4 times. Nitrogen was applied in both years at a rate of 60 kg hal.
Pests and fungi were controlled according to their occurrence in the respec-
tive years of the experiment. Poppy was harvested in the stage of full matu-
rity on 5 August 2008 and 10 August 2009. Table 3 shows the average month-
ly temperatures and sums of precipitation in the experimental years.
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The content of selenium was determined in the seeds after wet miner-
alisation using an atomic absorption spectrophotometer (AAS).

The results were assessed using the programme Statistica 7.1 CZ by
applying variance analysis (ANOVA) followed by Fisher’s test at a 95% and
99% level of significance (P<0.05, P<0.01).

RESULTS AND DISCUSSION

Tables 4 and 5 show that poppy seed yields in the experimental years
were significantly (P<0.01) affected by the weather. While the average yield
in 2008 reached 1.781 t of poppy seeds per ha, in 2009 the yield was 40.6%
lower (1.059 t ha™1). The cause was dry and warmer than average April and
the first half of May in 2009 (Table 3), which inhibited growth of the aerial
plant mass and resulted in reduced seed production.

Table 3
Course of weather conditions in 2008 (Morkovice) and in 2009 (Zabéice)
Sum of precipitation (mm) Temperature (°C)

Month Morkovice Zabdice Morkovice Zabéice
2008 LTA 2009 LTA 2008 LTA 2009 LTA
January 11.3 27.0 20 24.8 2.42 -2.2 -3.3 -2.0
February 3.1 25.0 57.6 24.9 3.52 -0.7 04 0.2
March 48.4 31.0 78.1 23.9 4.23 3.7 5.0 4.3
April 39.4 42.0 3.6 33.2 9.33 8.7 14.5 9.6
May 68.0 65.0 42.4 62.8 14.37 14.2 15.6 14.6
June 77.9 74.0 114.7 68.6 19.00 16.9 17.3 17.7
July 58.4 78.0 74.0 57.1 19.26 18.8 20.7 19.3
August 44.3 78.0 29.6 54.3 19.74 17.8 21.1 18.6

LTA - long term average

The application of Se in the individual years of the experiment at a rate
of 300 g per ha significantly (P<0.05) reduced the yields of poppy seed. Ta-
ble 4 shows the production of poppy seeds in 2008 reduced by 7.1% com-
pared to the control. In 2009, the production of poppy seeds showed a simi-
lar trend; the application of selenium during the stage of the end of
elongation growth reduced seed yields by 18.3% (Table 5). In literature, the
information about the effect of Se on growth and production of oil plants is
contradictory. In their experiment, BANUELOS et al. (1997) discovered that
yields of rape were lower due to a high supply of Se in the soil (40 mg kg1
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Table 4
Effect of Se application on the poppy yield in 2008
pmant Yield (¢ ha 1) = SE Rel. (%) P<0.05
Control 1.770 = 0.029 100.0 a
Sel 1.645 + 0.022 92.9
P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.
Table 5
Effect of Se application on the poppy yield in 2009
Variant of fertilization | Yield (t ha™1) + SE Rel. (%) P<0.05
Control 1.165 = 0.015 100.0 a
Sel 0.952 + 0.049 81.7
Se2 1.028 + 0.075 88.2 ab

P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.

of soil). Likewise Ruiz et al. (2007) reported inhibited growth of sunflowers
after the application of selenium, which appeared as reduced yield of ach
enes. In contrast, TorsHIN et al. (1994) and Dabpnia et al. (2008) reported that
soil and foliar applications of selenium had a positive effect on seed and
achene yields in oil plants. In our experiment, late supplementary fertilisa-
tion with selenium during the stage after the fall of blossoms (var. Se2) also
reduced yields (by 11.8%). However, the reduction in poppy production was
not significant (P<0.05).

Based on average yields in the experimental years (Table 6), it was evi-
dent that poppy seed yield was reduced by 11.5% due to the application of
300 g Se per ha during the end stage of elongation growth as compared to
the treatment where selenium had not been applied, but the reduction was
not statistically significant (P<0.05).

Table 6
Average effect of Se application on the poppy yield
pamant Yield (t ha™)) = SE Rel. (%) P<0.05
Control 1.468 = 0.115 100.0 a
Sel 1.299 + 0.133 88.5 a

P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.
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Due to Se application to plants at the end of elongation growth, the
content of selenium in poppy seeds increased statistically highly significant-
ly (P<0.01) — Figure 1, i.e. from 139 pg kg1 to 757 pg kg1 of seeds, which
means a nearly 5.5-fold growth compared to the treatment not fertilised
with selenium. Many references report (Gupra, MacLeoDp 1999, GranT et al.
2007, Dapnia et al. 2008, Lvons et al. 2009, Dabnia et al. 2009) a multiple
growth in the selenium content in seeds of various plants as a result of its
soil or foliar application. In our experiment, the uptake of selenium per

unit of area increased almost five times due to supplementary fertilisation
(Table 7).
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Fig. 1. Average content of Se in poppy seeds (ug kg™).
Error bars present Fisher P<0.05
Table 7
Selenium uptake by poppy seeds (mg ha=1)
Variant 1
of fertilization Se uptake (mg ha™) Rel. (%) P<0.05
Control 204.1 100.0 a
Sel 983.3 481.9

P<0.05 — statistical significance at a 95% level of significance.
Variants with identical letters express statistically non-significant differences.

CONCLUSIONS

In respect of the experimental years, the reduction of poppy seed pro-
duction was more marked in 2009, when the poppy plants were stressed by
the dry and warm weather at the beginning of vegetation. Foliar application
of Se at the end of elongation growth at a rate of 300 g ha=! reduced poppy
seed yields by 11.5% as an average of the experimental years. The reduc-
tion in seed yields (by 11.8%) after the application of selenium in the period
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after the fall of blossoms was not statistically significant. The amount
of selenium in seeds and its uptake in poppy yields owing to foliar applica-
tion increased 5.4 and 4.8 times, respectively.

REFERENCES

ALEXANDER J., ANDERSSEN S. A., Aro A., BEcker W., FogeLroLM M., Lyane N. 2005. Nordic nutri-
tion recommendations 2004. Scanprint as. Arhus.

ArtHUR J.R. 2003. Selenium supplementation: does soil supplement help and why? Proc.
Nutr. Soc., 62: 393-397.

BanueLos G.S., Aswa H.A., Mackey M., Wu L., Cook C., AKOHOUE S., ZAMBRUZUSKI S. 1997. Evalu-
ation of different plant species used for phytoremediation of high soil selenium.
J. Environ. Qual., 26(3): 639-646.

BrooMmE C.S., McArpiLEs F., Kyk J.A.M., ANprEws F., HarT C.A., ARTHUR J.R., JAackson M.J. 2002.
Functional effect of selenium supplementation in healthy UK adults. Free Radic. Biol.
Med., 33(1): 261-261.

Comes G.F., Gray W.P. 1998. Chemopreventive agents: selenium. Pharmacol. Therapeut., 79:
179-192.

CuperMAN P., KrerT 1., GERM M., Kovacevic M., StiBiL V. 2008. Selenium species in selenium-
enriched and drought-exposed potatoes. J. Agric. Food Chem., 56(19): 9114-9120.

Dapnia M.R., HasiB D., NourmonaMMAD G., ArRDAKRANT M.R. 2008. Antioxidative response of sun-
flower (Helianthus annuus L.) varieties under water deficit and selenium foliar appli-
cation. Crop Res. (Hisar), 35(3): 195-200.

Dapnia ML.R., Lack S.H., Barriroor K., Krosravant H., MopraEs A. 2009. Effects of selenium
concentration on wheat (Triticum aestivum L.). Crop Res. (Hisar), 37(1-3): 1-5.
Fanc Y., Wane L., Xiv Z., Zuao L.Y., AN XX., Hu Q.H. 2008. Effect of foliar application

of zinc, selenium, and iron fertilizers on nutrients concentration and yield of rice grain
in China. J. Agric. Food Chem., 56(6): 2079-2084.

GerM M., StiBiLs V., Osvarp J., Krert 1. 2007. Effect of selenium foliar application on chicory
(Cichorium intybus L.). J. Agric. Food Chem., 55: 795-798.

Grant C.A., BuckLey W.T., Wu R. 2007. Effect of selenium fertilizer source and rate on grain
yield and selenium and cadmium concentration of durum beat. Can. J. Plant Sci., 87(4):
703-708.

Gurra U.C., MacLeop J.A. 1999. Relationship between soybean seed selenium and harvested
grain selenium. Can. dJ. Soil Sci., 79(1): 221-223.

HamBuckEiRrs A., DotrepPE O., Hornick J.L., Istasse L., Durrasne 1. 2008. Soil-applied selenium
effects on tissue selenium concentrations in cultivated and adventitious grassland and
pasture plant species. Commun. Soil Sci. Plant Anal., 39 (5-6): 800-811.

Hu H.F, Hu CX, Jie X.L.,, Liv S.L., Guo X., Hua D.L.,, Ma C.A., Lu JW., Liv H.G. 2010.
Effects of selenium on herbage yield, selenium nutrition and quality of alfalfa. J. Food
Agric. Environ., 8 (2): 792-795.

KarorLNa E., HiLEsTRoM P.R., LaAursEN K.H., HusteD S., LArsEN E.H. 2009. Effect of foliar appli-

cation of selenium on its uptake and speciation in capot. Food Chem., 115 (4): 1357-
-1363.

Liv K.L.,, Gu Z.X 2009. Selenium accumulation in different brown rice cultivars and its
distribution in fractions. J. Agric. Food Chem., 57(2): 695-700.

Lyons G.H., Genc Y., Soork K., StancouLis J.C.R., Liu F., GrRaram R.D. 2009. Selenium incre-
ases seed production in Brassica. Plant Soil., 318(1-2): 73-80.



92

MarTINEZ R.A.S, DE REZENDE P.M., DE ALVARENGA A.A., DE ANDRADE M.J.B., pos Passos A.M.A. 2009.
Doses and forms of selenium application on the culture of soybean. Cienc. Agrotec.,
33(3): 698-704.

Ozrort L., Krerr S., KrerT 1., GERM M., StiBiLs V. 2008 Distribution of selenium and phenolics
in buckwheat plants grown from seeds soaked in Se solution and under different levels
of UV-B radiation. Food Chem., 110: 691-696.

PrannHauser W. 1994. Der Versorgungsstatus mit dem essentiellen Spurenelement Selen in
Osterreich. Lebensmittelchemie, 48: 123-123.

Pocar V., Arciont A., Fiuiepint P., PirreRT P.G. 2000. Foliar application of selenite and selenate
to potato (Solanum tuberosum). Effect of a ligand agent on selenium content of tubers.
J. Agric. Food Chem., 48: 4749-4751.

Rios J.J., Brasco B., CeErviLLA L.M., RuBro-WiLHELMI M.M., RosaLEs M.A., SancHEzZ-RopriGUEZ E.,
Romero L., Ruiz J.M. 2010. Nitrogen-Use efficiency in relation to different forms and
application rates of se in lettuce plants. J. Plant Growth Regul., 29 (2): 164-170.

Ruiz J. M., Rivero R. M., RomERO L. 2007. Comparative effect of Al, Se, and Mo toxicity on
NOj assimilation in sunflower (Helianthus annuus L.) plants. J. Environ. Manage.,
83(2): 207-212.

SLEJKOVEC M., GoEsSLER W. 2005. Accumulation of selenium in natural plants and selenium
supplemented vegetable and selenium speciation by HPLC-ICPMS. Chem. Speciation
Bioavail., 17: 63-73.

SmrroLs P., StiBiLs V. 2004. Determination of selenium in vegetables by hydride generation
atomic fluorescence spectrometry. Anal. Chim. Acta, 512: 11-17.

SmrroLs P., StiBiLg V., Krerr 1., KAroLNa E. 2005. Selenium species determination in sele-
nium-enriched pumpkin (Cucurbita pepo L.) seeds by HPLC-UV-HG-AFS. Anal. Sci.,
21: 1-5.

TERRY N., ZAYED A.M., DEsouza M.P., TARUN A.S. 2000. Selenium in higher plants. Annu. Rev.
Plant Physiol. Plant Molecular Biol., 51: 401-432.

TorsHIN S.P., ZaBropiNa LY., Uper'Nova T.M., Konova N.I., Carvkunova O.B., GRomapiN A.V., Yaco-
DIN B.A. 1994. Accumulation of selenium in spring rape plants and chemical composi-
tion of seed with application of sodium selenite. lzvestija Timirjazevskoj Sel’skochozja-
jstvennoj Akademii, 0(1): 107-111.

Yane F., Cuen L., Hu Q., Pan G. 2003. Effect of the application of selenium on selenium
content of soybean and its products, Biol. Trace Elem. Res., 93: 249-256.



