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Abstract

According to the World Health Organization, consumption of table salt (being a major
carrier of iodine in human diet) should be reduced of 50%. Vegetables biofortified with
iodine can become an alternative source of this element for humans. Agronomic recom-
mendations with reference to biofortification have to be developed, including the evalu-
ation of side-effects associated with iodine application to plants. Iodine is not an essential
element for plants and hence its effect on crops has not yet been diagnosed. The aim of
the study has been to assess the influence of soil fertilization with KI and foliar applica-
tion of KIO; on the success of iodine biofortification as well as the mineral composition of
lettuce. Lettuce cv. Melodion F; was cultivated in a field experiment in 2008-2009. Combi-
nations with different soil fertilization and foliar nutrition with iodine were distinguished
in the research including: control (without iodine application), three combinations with pre-
sowing soil fertilization of iodine (in the form of KI) in doses of 0.5, 1.0 and 2.0 kg I ha!
as well three combinations with four applications of foliar nutrition with iodine solution
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(as KIOg) in the concentration of: 0.0005%, 0.005% and 0.05% after using 1000 dm3 of
working solution per 1 ha so that the following amounts of iodine were applied: 0.02, 0.2
and 2.0 kg I hal, respectively. In lettuce heads, the iodine content as well as the content
of: P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd and Pb were determined using the
ICP-OES technique, while N-total was assayed by Kjeldahl method. In comparison to the
control, only foliar nutrition with 0.05% solution of iodine significantly improved accumula-
tion of this element in lettuce. At the same time, a lower level of nitrogen nutrition was
observed in plants from this combination. A significant increase in the N-total content was
found only in lettuce plants fed with 2.0 kg I ha=! dose of KI. In reference to the control,
both foliar and soil application of iodine contributed to a higher content of K, Mg, Ca, Mn
and Cd as well as a decreased level of P, Cu and Zn in lettuce. Doses, forms and applica-
tion methods of iodine were found to have produced diverse effects on the content of S,
Na, B, Fe, Mo, Al and Pb in lettuce plants.

Key words: biofortification, iodine, mineral composition, lettuce.

WSTEPNA OCENA WPLYWU I}IAWOZENIA I ODZYWIANIA DOLISTNEGO JODEM
NA EFEKTYWNOSC BIOFORTYFIKACJI SALATY W JOD
ORAZ JEJ SKLAD CHEMICZNY

Abstrakt

Zgodnie z zaleceniem WHO spozycie soli kuchennej (gtéwnego no$nika jodu w diecie)
musi zosta¢ ograniczone o 50%. Warzywa biofortyfikowane w jod moga sta¢ sie glownym
zrodtem jodu dla cztowieka. Zalecenia agrotechniczne dotyczace sposobow biofortyfikacji
muszg by¢é opracowane na postawie badan okreslajacych uboczne oddzialywanie jodu na
rosliny. Wynika to z tego, ze jod nie jest sktadnikiem pokarmowym ro§lin, a jego oddziaty-
wanie na ro§liny nie zostato dostatecznie zdiagnozowane. Celem badan bylo okreslenie wpty-
wu doglebowego nawozenia jodem (w formie KI) i odzywiania dolistnego tym pierwiast-
kiem (w formie KIOg4) na efektywnos$¢ biofortyfikacji w jod oraz na zawartoéé¢ sktadnikéw
pokarmowych i balastowych w satacie.

Satate odm. Melodion F; uprawiano w do$wiadczeniu polowym w latach 2008-2009.
W badaniach uwzgledniono kombinacje ze zréznicowanym nawozeniem doglebowym i odzy-
wianiem dolistnym jodem. Wyrézniono kontrole (nienawozona i nieodzywiang dolistnie jo-
dem), kombinacje z przedsiewnym nawozeniem doglebowym jodem w dawkach 0,5, 1,0
12,0 kg I ha1 oraz 4-krotne dolistne odzywianie roslin jodem w stezeniach 0,0005%, 0,005%
i 0,05% — sumarycznie po zastosowaniu 1000 dm3 cieczy roboczej na 1 ha zaaplikowano
ro§linom odpowiednio 0,02, 0,2 i 2,0 kg I ha-l. W gtéwkach salaty oznaczono: zawartosé
jodu oraz P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd i Pb technikg ICP-OES oraz
zawarto$¢ azotu metods Kiejdahla.

W poréwnaniu z kontrola, jedynie odzywianie dolistne jodem w stezeniu 0,05% wply-
neto na statystycznie istotne zwigkszenie zawartoSci tego pierwiastka w satacie. Jednocze-
$nie stwierdzono pogorszenie stopnia odzywienia roS§lin w azot w tej kombinacji. Istotny
wzrost zawartoSci azotu w salacie uzyskano wylacznie w wyniku nawozenia jodem w daw-
ce 2,0 kg T ha=l. W odniesieniu do obiektu kontrolnego, zaréwno dolistna, jak i doglebowa
aplikacja jodu wptyneta na zwigkszenie zawartosci K, Mg, Ca, Mn i Cd oraz na zmniejsze-
nie zawartoSci P, Cu i Zn w satacie. Stwierdzono zréznicowane oddziatywanie dawki, formy
i sposobu aplikacji jodu na zawartos¢ S, Na, B, Fe, Mo, Al i Pb w salacie.

Stowa kluczowe: biofortyfikacja, jod, skltad mineralny, satata.
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INTRODUCTION

Plant biofortification is defined as such an increase in the content
of mineral element or biologically active substance in an edible part of crop
plant that a notable improvement of human health can be achieved (WHITE,
Broaprey 2005, 2009, Campos-BowERrs, WITTENMYER 2007).

The need to undertake research on possible increase of the iodine con-
tent in vegetables results from the recommendation of the World Health
Organization to significantly reduce (even by half) salt uptake by humans.
Excessive consumption of table salt is considered as one of the major fac-
tors contributing to the development of numerous civilization diseases such
as cardiovascular events or osteoporosis. At the same time, table salt is
a major carrier of iodine in human diet (SzyBiNskI et al. 2010). Reduced salt
uptake can therefore pose a threat to the effective iodine prophylaxis
in Poland as well an in other countries, resulting in increased incidence of
iodine deficiency disorders (IDD). Consequently, search for alternative meth-
ods of iodine supplementation has been carried out in the last few years,
indicating iodine biofortification of crop plants as the most promising direc-
tion (NESTEL et al. 2006, WHITE, BRoADLEY 2009).

Current studies on iodine biofortification focus mainly on the effective-
ness of increasing its content in edible parts of plants as well as on the
influence of a dose, form and way of iodine application on biomass and yield
(Macrowiak, GrossL 1999, Zuu et al. 2003, Dar1 et al. 2004). It has been de-
monstrated that plants preferably uptake iodine by roots in the form of I~
(rather than I057) although excessive doses of this iodine form can nega-
tively affect biomass (MAGKowIiAK, GrossL 1999, ZnuU et al. 2003). What can
influence the effectiveness of iodine biofortification is the method of its ap-
plication. In the research conducted by ArLrinok et al. (2003), increased accu-
mulation of iodine in alfalfa plants was observed as a result of foliar nutri-
tion with potassium iodide in comparison to soil introduction of this
compound. In just a few studies, evaluation of the interaction between in-
creased content of iodine and biological value of crop plants has been under-
taken (Brasco et al. 2008, WENG et al. 2008). No information, however,
is available on the influence of iodine foliar or soil application on the uptake
and accumulation of mineral elements in plants.

The aim of the study has been to determine the effect of iodine nutri-
tion in reference to its form (KI and KIO;), dose and method of introduction
(foliar application or soil fertilization) on the effectiveness of iodine bioforti-
fication as well as chemical composition of lettuce heads.
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MATERIAL AND METHODS

In 2008-2009, field cultivation of lettuce cv. Melodion F; was conducted
in a crop rotation system on single soil complex at the Experimental Field
Station of Agricultural University in Krakow (Poland). Lettuce was cultivat-
ed on silt loam soil (35% sand, 28% silt and 37% clay) with the content of
organic matter in the 0-30 cm soil layer: 3.41% and 3.76% (in 2008 and 2009,
respectively), and the following content of the available forms of nutrients solu-
ble in 0.03 M acetic acid (in the two consecutive years): N (NOs-N+NH,-N) —
3.9-1.3, P — 27.8-46.1, K — 142.6-124.1, Mg — 118.3-113.3 and Ca — 1469.0-
1062.5 mg dm™3 of soil. In 2008 and in 2009, the soil’s pH({IQO) was 6.99-
6.73, while the salinity of soil (EC) was 0.13-0.12 mS cm™-, respectively.
Lettuce seeds were sown on 11 and 15 March (in 2008 and 2009, respective-
ly). Seedlings were planted into soil in rows 30 cm apart with 30 cm plant
spacing on 11 and 15 April of the following year. Nitrogen as ammonium
nitrate in a dose of 100 mg N dm™3 soil as well as iodine soil fertilization in
the form of KI were applied directly prior to lettuce planting.

Different iodine fertilization (in the form of KI) and foliar nutrition (as
KIO3) were applied in the experiment including: 1 — control (without soil
fertilization and foliar nutrition with iodine); three combinations with pre-
sowing soil fertilization with iodine : 2 — 0.5 kg I ha™1, 3 — 1.0 kg I ha! and
4 — 2.0 kg I ha! as well as three combinations with four treatments of
foliar application of iodine in the following concentrations: 5 — 0.0005% (to-
tal 0.02 kg I ha1), 6 — 0.005% (0.2 kg I ha=1) and 7 — 0,05% (2.0 kg I ha™1).
Foliar nutrition was performed using 1000 dm? of working solution per hec-
tare on the following dates: 15t — 28 and 29 April, 274 — 05 and 13 May, 34
— 12 and 20 May, 4th — 23 and 27 May (in 2008 and 2009, respectively)

The experiment was arranged in a split-plot design with four replica-
tions. Each experimental treatment was randomized in four repetitions on
5m x 1.5 m (7.5 m2) plots. The total area used for experiment was 270 m2.

Lettuce heads were harvested on 2 and 1 June (in 2008 and 2009, re-
spectively). Soil samples from the 0-30 cm layer were collected during let-
tuce harvesting using a soil drill.

In lettuce samples, the iodine content was assessed after incubation with
25% TMAH according to the standard method (prEN 15111- R2-P5-F01). The
total nitrogen was determined by Kjeldahl method (PErRssoN, WENNERHOLM
1999). The content of P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo, Al, Cd
and Pb was assayed after mineralization of plant samples in 65% super pure
HNO4 (Merck no. 100443.2500) using a CEM MARS-5 Xpress microwave oven
(PAst.awski, M1GaszEWSKI 2006).

In soil samples, pH was determined by a potentiometer and the content
of I, N-NH,, N-NOg, P, K, Mg, Ca, S and Na was determined after extrac-
tion of the soil with 0.03 M acetic acid (NowosiELskl 1988). The content of B,
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Cu, Fe, Mn, Zn, Mo, Al, Cd and Pb was assayed after extraction with 1 M
HCI (GorracH et al. 1999).

The content of I as well as P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn, Zn, Mo,
Al, Cd and Pb in soil and plant samples was determined with the ICP-OES
technique with a Prodigy Teledyne Leeman Labs USA spectrometer. The
content of nitrogen forms in soil samples (N-NH,, N-NOg) was determined
by the FIA technique [PN-EN ISO 13395: 2001; PN-EN ISO 11732:2005 (U)].

The results were statistically verified using an ANOVA module of Statis-
tica 9.0 PL programme at the significance level P<0.05. Significance of chang-
es was assessed with the use of variance analysis. In the case of significant
changes, homogenous groups were determined on the basis of Duncan’s test.

RESULTS AND DISCUSSION

RThe rsearch conducted by Dar1 et al. (2006) revealed that root applica-
tion of oxidized form of iodine (I057) contributed to significantly higher (even
by ten-fold) accumulation of this element in spinach leaves. However, some
others studies with iodine applied to soil or solution culture indicate that
iodine application in I~ form (when compared to I057) gives better results
with regard to the uptake and bioaccumulation of this element in plants.
What is more, increasing iodine doses improve the effectiveness of biofortifi-
cation (MURAMATSU et al. 1983, ZHU et al. 2003, Brasco et al. 2008, WENG et
al. 2008). In the present work, relatively small differentiation of the iodine
content in lettuce plants from particular combinations was found (Table 1).
Statistically higher accumulation of iodine (in comparison to the control)
was noted only for the foliar application of KIO5 in the dose of 2 kg I ha-1l.
It is worth noticing that significant build-up of the iodine content was ob-
served owing to the application of a higher KIO; concentration used for
foliar nutrition. Soil fertilization with KI did not result in iodine biofortifica-
tion of lettuce when compared to the control plants not fertilized with this
element (Table 1). Considering the total values of iodine, it could be con-
cluded that application of higher doses of KI (1.0 and 2.0 kg I ha™1) raised to
a certain degree the iodine accumulation in lettuce plants. It should also be
noted that the iodine content in soil after lettuce cultivation from individual
combinations of the study (Table 2) did not correlate with the detected con-
tent of this element in lettuce heads.

Varied influence of soil fertilization and foliar nutrition with iodine was
found in reference to the content of N, P, K, Mg, Ca, S, Na, B, Cu, Fe, Mn,
Zn, Mo, Al, Cd and Pb in lettuce (Table 1). Slight changes were noted in the
N-total content in lettuce heads resulting from the tested iodine treatments.
Statistically significant increase in the N-total content, when compared to
the control, was observed only in the case of soil fertilization with the high-
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est dose of KI (2.0 kg I ha™l), whereas foliar nutrition with the same dose
but in the form of KIO5 depressed this element It should be mentioned that
despite observed changes in the N-total content, no differences in lettuce
yield obtained from individual combinations were observed — detailed data
not presented.

As a result of iodine nutrition, irrespective of its dose, form and method
of application, an increase in the content of K, Mg, Ca as well as Mn and
Cd in lettuce plants was found in comparison to the control — with the
exception of K in combination no 6 (Table 1). The highest content of K was
recorded for soil fertilization with KI in a dose of 2 kg I ha~! and for foliar
nutrition with KIO4 in the lowest dose (0.02 kg I ha1). Soil application of
higher doses of KI (1 0 and 2.0 kg I ha™l) contributed to a gradual decrease
in the concentraions of Ca, Mg, Mn and Cd in lettuce in comparison to the
lowest KI dose (0.5 kg I ha‘l) although they remained higher than their
values detected for the control. It should be noted that introduction of the
lowest amount of KI (0.5 kg I ha1) to soil intensified most profoundly (in
the comparison to the other combinations) plant accumulation of Ca, Mg,
Mn, as well as boron. This dependence can indirectly support the hypothesis
of the positive influence of low iodine doses on plants (KaBaTa-PENDIAS,
MukHERJEE 2007). Increasing KI doses applied to soil reduced the content of
Mn in lettuce heads (Table 1) along with increasing the soil content of this
element to a level comparable with the control (Table 2). This observation
suggests an antagonistic effect of higher doses of iodine applied as KI on the
uptake of manganese by lettuce roots.

Nutrition with iodine generally depressed the accumulation of P, Cu and
Zn in lettuce (except Zn in combination 6, cf. Table 1). Higher doses of
iodine applied foliarly as KIO5 (0.2 and 2.0 kg I ha™1) raised the content of P
in comparison to combination 5. In respect to soil fertilization with KI (irre-
spective of its dose), an increased amount of easily soluble forms of phos-
phorus was noted in soil (Table 2) along with a reduced content of this
element in lettuce leaves. The effect could have been caused by the inhibi-
tion of P uptake by lettuce roots, which may have resulted from the intro-
duction of the I~ form of iodine to soil. A similar observation was reported
for Cu, but then an increasing KI dose was accompanied by a significant
decrease in the uptake and accumulation of copper in lettuce plants.

A variable effect of the iodine form, dose and method of application was
found in respect of S, Na, B, Fe, Mo, Al and Pb content in lettuce heads
(Table 1). In comparison to the control, using higher concentrations of KIOg4
solution for foliar nutrition (combinations 6 and 7) raised the accumulation
of sodium in lettuce leaves. Soil fertilization with iodine as KI (irrespective
of its dose) reduced Fe but slightly increased the Mo and Pb content in
lettuce in comparison to the control. No influence of soil application of io-
dine was observed on the Al content in plants. The highest accumulation of
S was noted in plants fertilized with the biggest dose of KI (2.0 kg I ha™1).
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Foliar nutrition with KIO4 slightly decreased the S content in lettuce but
the iodine dose had no significant influence on the observed changes. Appli-
cation of different iodine forms and doses contributed to small but statisti-
cally significant variation in the boron concentration in lettuce leaves.

It is particularly difficult to discuss our results on the influence of io-
dine introduction (through soil or foliarly) on the chemical composition of
lettuce due to a very limited number of available publications referring to
this issue. The results obtained by SMoLEN et al. (2010) in carrot cultivation
carried out according to an analogous experimental design (iodine dose, form
and method of application) revealed different relations than shown in the
present study, which could have been caused by species-specific differences.

CONCLUSIONS

1. A statistically significant effect of iodine biofortification of lettuce was
obtained only through foliar application of KIO4 in a dose of 2.0 kg I ha-1.

2. Iodine accumulation in lettuce heads tended to increase as a result of
application of higher doses of KI through soil fertilization (1.0 kg and 2.0 kg
I ha1).

3. An increased N-total content in lettuce heads (in comparison to the
control) was noted in the case of soil fertilization with the highest dose of
KI (2.0 kg I ha™l), while a reduced content of this macronutrient occurred
as a result of foliar application of the same dose but in the form of KIOs.

4. Significantly higher content of K, Mg, Ca, Mn and Cd in lettuce was
found after iodine introduction irrespective of its dose, form and method
of application.

5. Nutrition with iodine (regardless of its dose, form and method of ap-
plication) generally decreased the P, Cu and Zn accumulation in lettuce
heads.

6. Varied influence of iodine application was observed in reference to the
S, Na, B, Fe, Mo, Al and Pb content in lettuce heads.

REFERENCES

AvTiNOK S., SozupoGRU-OK S., HarLiwova H. 2003. Effect of iodine treatments on forage yields
of alfalfa. Commun. Soil Sci. Plant Anal., 1-2: 55-64.

Brasco B., Rios J.J., CerviLLa L.M., Sancueez-Ropricez E., Ruiz J M. RomeEro L. 2008 Iodine
biofortification and antioxidant capacity of lettuce: potential benefits for cultivation
and human health. Ann. Appl. Biol., 152: 289-299.

Campos-Bowers M.H., WirtenmyER B.F. 2007. Biofortification in China: policy and practice.
Health Res. Policy Sys., 5:10.

Dat J.-L., Zau Y.-G., Zuanc M., HuanG Y.-Z. 2004. Selecting iodine-enriched vegetables and the
residual effect of iodate application to soil. Biol. Trace Elem. Res., 201:265-276.



622

GorracH E., Curvro T., GamBus F., GrzywNowicz 1., Jasiewicz C., Kore¢ M., Mazur B., OLKUSNIK S.,
Rocoz A., WiSNIowsKA-KIELIAN B. 1999. Przewodnik do éwiczeri z chemii rolnej [A guidebo-
ok to classes in agricultural chemistry]. Wyd. AR w Krakowie. (in Polish)

KaBata-PENDIAS A., MUKHERJEE A.B. 2007. Trace elements from soil to human. Springer.

Mackowiak C.L., GrossL P.R. 1999. Iodate and iodine effects on iodine uptake and partitio-
ning in rice (Oryza sativa L.) grown in solution culture. Plant Soil, 212: 135-143.

MUuRrAMATSU Y., CHRISTOFFERS D., Oumomo Y. 1983. Influence of chemical forms on iodine uptake
by plant. J. Radiat. Res., 24: 326-338.

NesteL P., Bouts H.E., MeenaksHI J.V., PrerrrEr W. 2006. Biofortification of staple food crops.
J. Nutr., 136: 1064-1067.

NowosieLskl O. 1988. The rules in development of fertilizing strategies in horticulture. War-
saw, PWRIL. (in Polish)

Pastawskr P., Micaszewskl Z.M. 2006. The quality of element determinations in plant materials
by instrumental methods. Part 1. Pol. J. Environ. Stud., 15(2a): 154-164.

PerssoN, J. L., WennerroLM M. 1999. A guide to mineralization with Kjeldahl method. War-
saw, Poland, Labconsult. (in Polish)

PN-EN ISO 11732:2005 (U). Water quality. Determination of ammonium nitrogen. Method
by flow analysis (CFA and FIA) and spectrometric detection. (in Polish)

PN-EN ISO 13395:2001. Water quality - Determination of nitrite nitrogen and nitrate and
the sum of both by flow analysis (CFA and FIA) and spectrometric detection. (in Polish)

SmoLeN S., Rozek S., StrzETELSKI P., LEDWOZYW 1. 2012. A preliminary evaluation of the influen-
ce of soil fertilization and foliar nutrition with iodine on the effectiveness of iodine
biofortification and mineral composition of carrot. J. Elementol. (in print)

SzYBINSKI Z., JAR0SZ M., HUBALEWSKA-DYDEJCZYK A., STOLARZ-SKRZYPEK K., KAWECKA-JAszcz K., TRACZYK
1., Stos K. 2010. Iodine-deficiency prophylaxis and the restriction of salt consumption —
a 21% century challenge. Pol. J. Endocrinol., 61(1): 135-140.

WenG H.-X., Yan A.-L., Hing C.-L., XiE L.-L., QN Y.-C., Cueng C.Q. 2008. Uptake of different
species of iodine by water spinach and its effect to growth. Biol. Trace Elem. Res., 124:
184-194.

Warre P.J., Broabrey M.R. 2005. Biofortifying crops with essential mineral elements. Trends
Plant Sci., 10: 586-593.

Warte P.J., Broaprey M.R. 2009. Biofortification of crops with seven mineral elements often
lacking in human diets — iron, zinc, copper, calcium, magnesium, selenium and iodine.
New Phytologist, 182(1): 49-84.

WHO. 2006. Forum and Technical Meeting on Reducing Salt Intake in the Population.
Paris, France.

Znu Y.-G., Huane Y.-Z., Hu Y., Lo Y.-X. 2003. Iodine uptake by spinach (Spinacia oleracea
L.) plants grown in solution culture: effects of iodine species and solution concentra-
tions. Environ. Int., 29: 33-37.



