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Abstract

In 2007-2008, pot experiments were conducted on cv. Michalina head lettuce grown in
an unheated greenhouse in spring. The aim of the study was to compare organic and mi-
neral iron compounds as well as their rates in terms of the efficiency of their effect on
yield of lettuce and iron content in lettuce leaves. The experimental factors included: 1) so-
urces of iron, i.e. 2 mineral — iron(II) sulfate and iron (III) sulfate, and 3 organic — iron
(III) citrate, iron (II) gluconate and iron chelate Fe (III) DTPA, 2) level of iron, i.e. 6 levels
— 20 (control), 45, 70, 95, 120 and 220 mg Fe dm™3 substrate.

Lettuce was grown in 6 dm3 containers. Limed highmoor peat, enriched with macro-
and micronutrients to meet requirements of lettuce, was used as a substrate. Each experi-
ment included 26 combinations comprising 4 replications each. A container with 4 lettuce
plants constituted one replication. Lettuce was harvested at the consumption stage. Con-
centrations of iron, copper, manganese and zinc were determined in plant material by ASA
after wet mineralization in a mixture of acids HNOg and HCIO, at a 3:1 ratio (viv).

The application of iron(III) sulfate, iron(II) sulfate, iron citrate or iron gluconate ran-
ging from 45 to 220 mg Fe dm=3 and Librel Fe-DTPA chelate ranging from 45 to 120 mg
Fe dm= did not have any significant effect on the yield of lettuce. Librel Fe-DTPA applied
at a rate of 220 mg Fe dm™ resulted in a reduction of yield. The highest Fe content (irre-
spectively of the applied Fe rates) in lettuce leaves was recorded after the application of
Librel Fe DTPA, while the lowest one — after iron gluconate was used. When analyzing the
effect of Fe levels, irrespectively of the used iron compounds, the lowest Fe content in leaves
was observed in the control, growing at the levels of 45 and 70 mg Fe dm™3, as well as at
90 and 120 mg Fe dm™ and reaching its peak after the application of 220 mg Fe dm™3.
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POROWNANIE SKI_JTECZNOéCI ORGANICZNYCH I MINERALNYCH ZWIAZKOW
ZELAZA W UPRAWIE SALATY W SZKLARNI

Abstrakt

W latach 2007-2008 wiosna w nieogrzewanej szklarni przeprowadzono dos$wiadczenia
wazonowe z salatg glowiastg odmiany Michalina. Celem pracy bylo poréwnanie organicz-
nych i mineralnych zwiazkéw zelaza, a takze ich dawek pod katem skutecznosci dziatania
na plon salaty oraz zawarto$¢ zelaza w jej liSciach. Czynnikami doswiadczen byty: 1) Zrédto
zelaza, tj. 2 mineralne — siarczan zelaza (II) i siarczan zelaza (III) oraz 3 organiczne —
cytrynian zelaza (III), glukonian zelaza (II) i chelat zelaza Fe (III) DTPA; 2) poziom zelaza,
tj. 6 pozioméw — 20 (kontrola), 45, 70, 95, 120, 220 mg Fe dm=3 podloza.

Salate uprawiano w pojemnikach o objetoéci 6 dm3. Jako podioze zastosowano torf wy-
soki zwapnowany i wzbogacony w makro- i mikrosktadniki zgodnie z wymaganiami sataty.

Kazde do$wiadczenie obejmowalto 26 kombinacji skiadajacych sie z 4 powtérzen. Po-
wtorzenie stanowit pojemnik z 4 roslinami salaty. Zbiér sataty przeprowadzono w fazie doj-
rzatosci konsumpcyjnej. W materiale roslinnym oznaczono zawarto$¢ zelaza, miedzi, man-
ganu i cynku metoda ASA po mineralizacji na mokro w mieszaninie kwaséw HNOg i HCIO,
w stosunku 3:1 (v:v).

Zastosowanie siarczanu zelaza (III), siarczanu zelaza (II), cytrynianu zelaza lub gluko-
nianu zelaza w zakresie 45-220 mg Fe dm™ oraz chelatu Librel Fe-DTPA w zakresie
45-120 mg Fe dm™3 nie mialo istotnego wplywu na plon sataty. Librel Fe-DTPA zastosowa-
ny na poziomie 220 mg Fe dm=3 spowodowal zmniejszenie plonu. Najwieksza zawartosé Fe
(niezaleznie od dawki Fe) w liSciach sataty stwierdzono po zastosowaniu Librel Fe DTPA,
anajmniejsza po zastosowaniu glukonianu zelaza. Analizujac wplyw pozioméw Fe, niezalez-
nie od zwigzkow zelaza, stwierdzono najmniejsza zawarto$¢ Fe w lisSciach w probie kontrol-
nej, wieksza po zastosowaniu 45 i 70 mg Fe dm=3, jeszcze wiekszg w przypadku 90 i 120
mg Fe dm=3 i najwieksza po zastosowaniu 220 mg Fe dm3.

Stowa kluczowe: zwiagzki zelaza, salata, plonowanie, mikrosktadniki.

INTRODUCTION

Iron deficiency is associated with the incidence of anaemia, which af-
fects approx. 500 million people worldwide. Groups at the highest risk in-
clude children and women at the child-bearing age (THompsoN 2007). Iron
deficits in food occur despite the fact that its total content in soils is gener-
ally quite high (on average 2%). Plant chlorosis caused by deficit of available
iron is common worldwide, particularly on calcareous soils and in arid and
semi-arid regions (Ruszkowska, WoJCIESKA-WYSKUPAITYS 1996, Lucena 2003).

The iron requirements in Europe and Poland are satisfied much more
often than in the Third World countries. However, the amount of iron con-
sumed with typical diets by different population groups in Poland is fre-
quently lower that the recommended level. GoLcz and DruBaAk (1998) as well
as Bosiacki and TyksiNsk (2009) indicated low content of iron in vegetables
sold in the city of Poznan. Studies on a variety of suitable sources of iron
for plants and their rates need to be conducted.
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The aim of the study has been to compare organic and mineral iron
compounds as well as their rates in terms of their efficiency on the yield
of lettuce and on the iron content in its leaves.

MATERIAL AND METHODS

In 2007-2008, pot experiments were conducted on cv. Michalina head
lettuce grown in an unheated greenhouse in spring. The experimental fac-
tors included:

A) iron compounds:
— mineral — iron (III) sulfate Fe,(SO,)3-Hy0 and iron (II) sulfate
FeSO,-7TH,0;
— organic —iron (ITI) citrate CgH50,Fe - HyO, iron (II) gluconate
C,9HyoFeO,, and iron (III) chelate Librel Fe-DTPA,
B) level of iron:
— 6 levels — the control (20), 45, 70, 95, 120 and 220 mg Fe dm™3 substrate.

Each year of the experiment, on 21 March, lettuce seeds were sown in
a single-seed system to multiple trays with cups size of 4x4 cm filled with
highmoor peat (Lithuania), limed at 5 g dm™ CaCOg4 and enriched with
Azofoska at 1.5 g dm=3. Lettuce seedlings were transplanted to containers
of 6 dm™ filled with appropriately prepared substrate (11 April). Each combi-
nation included 4 replications, with a container with four lettuce plants con-
stituting one replication. The control was the same for the entire experi-
ment, i.e. fertilization with macro- and micronutrients except iron.

The substrate was prepared from highmoor peat, which was limed based
on the neutralization curve to pH in HyO = 6.3. After liming, sufficient
concentrations of Ca — 2045, Mg — 160, S-SO, — 25 mg dm™3 were found in
the substrate, therefore they were not supplemented. The other nutrients
in the substrate were supplemented to the following levels (in mg dm™3):
N- 180, P — 140, K — 220, Zn — 20, Mn — 20, Cu - 5, B - 1 and Mo — 1.
Iron was applied according to the assumptions adopted for the experiment,
considering its initial content in limed peat of 20 mg Fe dm™3.

While growing, plants were watered to 70% water capacity, which was
measured using Wahnschaffe cylinders. On 16 May 2007 and 13 May 2008,
lettuce was harvested. Plants were cut, weighed, dried in a convection dry-
er and homogenized. Concentrations of iron, manganese, zinc and copper
were determined in the plant material by ASA after wet mineralization in
a mixture of acids HNO3 and HCIO, at a 3:1 ratio (v:v). The results of fresh
weight of lettuce heads and content of micronutrients in plants were ana-
lyzed statistically. After significant differences had been identified, means
were clustered according to the Newman Keuls test at the significance level
a=0.05.
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RESULTS AND DISCUSSION

Mean results from the 2-year experiment indicate that the average
weight of lettuce heads did not differ significantly after the application of iron
in the form of Fey(SO,)5-HyO, FeSO,-TH,0, CgH;0,Fe-H,0 or C15Hy5FeOy,
at rates ranging from 45 to 220 mg Fe dm™ and in the form of Librel
Fe-DTPA at rates ranging from 45 to 120 mgFe dm=3 (Table 1). It was only
the highest level of the Librel Fe-DTPA chelate (220 mg Fe dm™3) that re-
sulted in a significant reduction of lettuce yield. At this rate of the chelate,
the yield of lettuce was lower, also in comparison to the yield harvested in
the control combination. TyksiNski (1992), when growing lettuce on peat,
observed that yields of lettuce did not differ at iron rates ranging from 0 to
900 mg Fe dm=3 applied in the form of iron (II) sulfate. In turn, TYKSINSKI
and Komosa (2007), after an application of 125 mg Fe dm™ in the form of
chelate Fe-DTPA, stated a significant reduction of lettuce yield in relation
to a rate of 75 mg Fe dm™3. Moreover, in combinations of 100 and 125 mg
Fe dm=3, brown necrotic spots appeared on leaves. These authors suggested
that such a response of plants was not an effect of excess iron, but rather of
the carrier used in the production of the chelate.

Table 1

The effect of iron compounds on the yield of lettuce fresh matter (g container1).
Mean values for the experiments in 2007 and 2008

. Fe level (mg dm™3 substrate)
o 20 x
compounds 45 70 95 120 220
(control)
Fey(SOy)5-HyO 496.5b | 517.4b| 49515649156 | 500556 | 46895b | 495.0 b
FeSO,-7TH,0 496.5b | 498556 | 4926 b | 4888 b | 5364 b | 5169 b | 504.9 b
CgH50, Fe-HyO 496.5b | 523.4b| 536.8b | 536.9b| 51195 | 517.056 | 5204 b
C1oHy,FeOy, 4965 b | 522.1b | 517.3b | 546.6 b | 539.4b | 491.3 b | 518.9 b
Librel
Fe-DTPA 49650 | 523.9b| 5156 b | 4583 b | 459.5b | 237.0a | 4485 a
x 496.5b | 517.1b| 511.5b6 | 5044 b | 509.5 b | 446.2 a

Means followed by same letters are not significantly different at a = 0.05.

When analyzing the iron content in lettuce, it was found to be depend-
ent on the applied compound and the level of iron (Table 2). The biggest
amounts of iron were found in plants fertilized with Librel Fe-DTPA, while
the lowest amounts were found in the case of iron gluconate. In turn, when
iron was supplied in the form of iron (III) sulfate, lettuce had a significantly
higher content of iron in comparison to that fertilized with iron (II) sulfate
and iron citrate. Irrespective of the source of iron, over the entire range
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Table 2
The iron content in lettuce leaves (mg kg~!d. m.).
Mean values for the in experiments 2007 and 2008
Fe level (mg dm™3 substrate)
Fe *
compounds 20 45 70 95 120 220

(control)

Fey(SO )3 HyO | 149.9 ab| 179.9 b-e | 184.8 b-e | 207.5de | 203.0 ce | 216.6¢ | 190.3 ¢
FeSO,-TH,0 | 149.9ab| 159.7 a-d | 1522 ab | 176.0 b-e| 172.0 a-d| 170.5 a-d | 163.4 b
CgH;0, Fe-H,0 |149.9 ab| 164.1 a-d | 162.0 a-d| 162.7 a-d | 151.9 ab | 166.9 a-d | 159.6 b
CyoHpoFeOy, | 1499 ab| 1463 ab | 1472 ab | 1541 a-c| 122.2a | 136.7ab | 1428a

Librel
Fe-DTPA 1499 ab| 169.1a-d| 1813 b-e| 262.6f | 283.9f | 391.2g |239.6d
x 1499a | 163.8b 1655 b 192.6 ¢ 1866 ¢ | 216.4d

Means followed by same letters are not significantly different at = 0.05.

of fertilization treatments, the content of iron in lettuce was significantly
higher than in the control combination. Its highest content was recorded
after the introduction of 220 mg Fe dm™ to the substrate. Lettuce grown in
a substrate with 45 and 70 mg Fe dm™3 contained similar levels of iron and
significantly lower ones than in a substrate with 95 and 120 mg Fe dm™3.
It needs to be stressed that after the application of Librel Fe-DTPA chelate
within the range of 95-220 mg Fe dm™3, a significantly higher content of
iron appeared in lettuce in comparison with the other experimental objects.
The efficiency of Fe chelation by DTPA and citric acid was investigated by
HorrmaN et al. (2004). Very good chelation efficiency was observed for DTPA.
In a study by TyksiNski and Komosa (2007), after the application of Fe-DTPA
chelate at rates of 100-125 mg Fe dm™3, lettuce showed symptoms of iron
excess in the form of brown necrotic spots on leaves or marbled chlorosis.
Such plant response was not found in this study.

Iron has a significant effect on the volume and quality of yield; howev-
er, it creates considerable problems due to it being readily transformed into
forms hardly available to plants (Garcia-Ma et al. 2003, CHOHURA et al. 2007).
WREESMAN (1996) stated that the application of chelate forms is of primary
importance in the limitation of iron immobilization, as they are character-
ized by good water solubility and low dissociation constant.

The content of manganese in lettuce depending on the source and level
of iron in the substrate is given in Table 3. Lettuce fertilized with iron (III)
sulfate contained significantly more manganese than that fertilized with the
other iron compounds. The lowest manganese content was recorded in let-
tuce grown on a substrate with chelate Librel Fe-DTPA. Manganese content
in plants decreased with the increasing levels of iron in the substrate, al-
though the reduction was significant (except for 45 mg Fe dm™3) only in
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Table 3
The manganese content in lettuce leaves (mg kg1 d. m.).
Mean values for the experiments in 2007 and 2008
Fe level (mg dm3 substrate)
Fe %
compounds 20 45 70 95 120 220

(control)

Fey(S0,)5 HyO | 308.4 b-d | 3269 cd | 330.3 cd | 339.8 cd |306.4b-d| 351.6d |3272¢
FeSO, 7TH,0 | 308.4 b-d | 313.4 b-d | 289.8 b-d | 275.6 b-d | 281.9 b-d | 285.2 b-d | 292.4 b
CgH;0; Fe-H,0 | 308.4 b-d | 329.9 cd |288.4 b-d|291.6 b-d| 266.3 b-d | 257.9 b-d | 290.4 b
C1oHyoFeO,, | 308.4b-d | 327.9cd | 2929 b-d|270.8 b-d| 246.0 bc | 22856 |279.1b

Librel
Fe-DTPA 3084 b-d| 155.5a 1525a | 1374a | 139.3a | 101.8a | 165.8a
x 308.4c | 290.7bc | 2708 ab | 263.1ab | 2479a | 2449 a

Means followed by same letters are not significantly different at « = 0.05.

comparison to the control combination. A similar dependence between man-
ganese and iron in studies on lettuce was reported by TYKSINSKI (1993).

The content of zine, similarly to manganese, was the highest in lettuce
fertilized with iron (III) sulfate, while the lowest one was found in lettuce
fertilized with chelate Librel Fe-DTPA (Table 4). Plants fertilized with iron
(IT) sulfate were better nourished with zinc than those fertilized with iron
citrate or iron gluconate. The level of iron ranging from 70 to 220 mg
Fe dm=3 substrate in relation to the level of 45 mg Fe dm=3, as well as the
control combination (20 mg Fe dm3) caused a significant reduction of the
zinc content in plants. The content of zinc in lettuce grown after the appli-
cation of 70 mg Fe dm™ was significantly bigger only in relation to the
treatment including 120 mg Fe dm™3. The determined zinc content fell within
the range considered by TyksiNski (1992) as optimal for lettuce.

Different iron fertilization rates had an effect on the nutritional status
of lettuce in copper (Table 5). Irrespectively of the level of iron in the sub-
strate, the mean copper content in plants was the highest when iron was
applied in the form of Librel Fe-DTPA chelate. Lettuce fertilized with iron
(IT) sulfate, iron citrate or iron gluconate contained less copper than that
fertilized with iron (III) sulfate. With the iron content in the substrate rang-
ing from 70 to 95 mg Fe dm™3, the content of copper in plants was similar
to that recorded in the control. After the application of 45 mg Fe dm™
substrate, the content of copper in lettuce was significantly lower, while at
120 and 220 mg Fe dm™ it was significantly higher. A similar increase in
the content of copper under the influence of increasing levels of iron in the
substrate was found in investigations on lettuce conducted by TyksiNskI and
Komosa (2008), while AncHONDO et al. (2001) showed an opposite dependence
in leaves and fruits of chili pepper grown in a hydroponic system.



65

Table 4
The zinc content in lettuce leaves (mg kg1 d. m.).
Mean values for the experiments in 2007 and 2008
Fe level (mg dm3 substrate)
Fe =
d 20 x
compounds 45 70 95 120 220
(control)
Fey(SO)5-Hy,0 150.3 f-h 188.81 188.8¢ 18591 | 1622g-i| 190.2: | 1777 ¢
FeSO,-7H,0 150.3 f-h | 178.8 h-i | 160.1 g-i | 161.2 g-h| 149.9 f-h | 152.6 f-h | 158.8 d
CgH50, Fe-H,O | 1503 f-h | 1674 g-i | 149.9 f-h | 141.6 e-g | 127.6 d-f | 123.5d-f | 143.4 ¢
CoHyoFeO,, 150.3 f-h | 161.0 g-i | 122.7d-f | 1249 d-f| 1139 c-e | 104.6 b-d | 129.6 b
Librel
Fe-DTPA 1503 fh | 945a-c | 80.1ab 759 a 89.7a-c | 110.8 cd | 100.2 a
x 150.3 ¢ 158.1¢ | 140.3b | 1379ab| 128.7a | 136.3 ab
Means followed by same letters are not significantly different at « = 0.05.
Table 5
The copper content in lettuce leaves (mg kg1 d. m.).
Mean values for the experiments in 2007 and 2008
Fe level (mg dm™3 substrate)
Fe =
d 20 x
compounds 45 70 95 120 220
(control)
Fey(SO)5-Hy,0 9.9 a-e 9.5 a-e 9.6 a-e 12.8¢-i | 127 e-i 142 hi | 11406
FeSO,-7H,0 9.9 a-e 7.5 a-c 9.5 a-e 10.7a-h | 109 b-h | 11.3 c-i 99a
CeH50, Fe-HyO | 99 a-e 7.3 a-c 10.1 a-f 6.7a 10.1a-f | 10.4a-h| 91a
C9HgoFeOyy 9.9 a-e 7.3 a-c 8.5 a-d 6.9 ab 103a-g | 10.1a-f | 89a
Librel . . . . .
Fe-DTPA 99 a-e 119d-i | 11.7d-1 | 14.1g-1 | 140/ 1481 128 ¢
x 995 8.7a 990 1025 116 ¢ 1217 ¢

Means followed by same letters are not significantly different at « = 0.05.

Differences in the content of iron as well as manganese, zinc and cop-
per under the influence of fertilization with FeSO, and Librel Fe-DTPA
chelate are confirmed in a study by Yrvainio et al. (2004) with FeSO, and
the chelates Fe-ETPA, Fe-EDDS and Fe-EDDHA.

In view of the iron nutrition status of lettuce, fertilization with Librel
Fe-DTPA chelate at 45-120 mg Fe dm™ is recommendable. This level pro-
vides the highest iron content in lettuce, similar yields and an optimal cop-
per content. Reduced concentrations of zinc and manganese may be increased
by fertilization with these microelements.
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CONCLUSIONS

1. Application of iron (III) sulfate, iron (II) sulfate, iron citrate or iron
gluconate ranging from 45 to 220 mg Fe dm™3, or Librel Fe-DTPA chelate
within the range from 45 to 120 mg Fe dm™3 did not have any significant
effect on yields of lettuce. Librel Fe-DTPA applied at 220 mg Fe dm=3 re-
sulted in reduced yields.

2. The highest Fe content (irrespectively of Fe rates) was found after
the application of Librel Fe-DTPA chelate, while the lowest one — after the
application of iron gluconate.

3. Irrespectively of the applied iron compounds, the highest increase in
the content of iron in lettuce in relation to the control was found at 220 mg
Fe dm™3 substrate.
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