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Table 1. Some chemical properties of the water used for the preparation of nutrient solution.
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Chlorophyll a (mg g') =
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Chlorophyll b (mg g!) =
[22.9 (ODgss) — 4.68 (10Dge3)] X V x W /1000 [Y]
Total chlorophyll (mg g™') =

[20.2 (ODeas) + 8.02 (ODge3)] * V x W / 1000 [¥]

Carotenoids (mg g'!) =
[7.6 (ODago) — 1.49 (ODsj0)] x V x W / 1000 []
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Table 2. Variance analysis (mean squares) for the effects of fertilizer treatment and cultivar on shoot and root nutrients concentration

in lettuce.
sl s s i b
Shoot Root ' S.0.V
> - > - 31
oe G s o S s o <
Cu /n Mn Fe /n Mn Fe df
Ls
759" 731" 406" 9154 20594 538" 233462" 5 5355 e
Fertilizer treatment
c
191 810%™ 128" 107 17630 163 214508 1 S
Lettuce cultivar
28 8, X oS led
0.18  59.8m  3.4ns 5824n 2377 431 403428 5 Fertilizer treatment X Lettuce
cultivar
o
0.38 63.2 315 2559 925 103 34180 24
Error
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" Non significant, ** Significant at 1%
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Table 3. Mean comparisons of the effect of fertilizer treatment on shoot and root nutrients concentration in lettuce.
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Fertilizer treatment Fe concentration Fe Mn Zn Fe Mn Zn Cu
(umol L) (mgkg")
Root a2 Shoot s jou

T 20 5854 19.0° 46.0° 123¢ 12.2¢ 30.0¢  4.7*

T2 40 765¢ 30.5b% 97.3d 1870 14.4¢ 34.2¢  4.2b

T3 20 670 35.6° 108.1¢¢ 194b¢ 30.72 50.3%  4.3b

T4 20 844be 37.3%® 156.9% 239° 32.02 474> 2.6°

Ts 40 992ab 47.92 192.2% 2074 25.8% 58.62 2.9¢

Te 40 11092 36.7° 213.32 168 23.9% 52.0%  1.9¢
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T, and T: 20 and 40 pmol L' of Fe from Fe-EDDHA, respectively, T; and Ts: 20 and 40 pmol L' of Fe from nano iron chelate, respectively
(provided that this fertilizer can supply required Zn and Mn for the plant), T4 and Ts: 20 and 40 umol L' of Fe from nano iron chelate, respectively
(provided that this fertilizer is not able to supply required Zn and Mn for the plant); Data in each column with the same letter are not statistically

different at 0.05 probability level based on LSD Test.
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Table 4. Variance analysis (mean squares) for the effects of fertilizer treatment and cultivar on leaf photosynthetic pigments, and root and shoot fresh
weights of lettuce.

SIS L5 JS Jes ks b s S a by IS s et b
Fresh weight Carotenoid Total chlorophyll Chlorophyll b Chlorophyll a < ’UT S.0.vV
sl s ) df
Shoot Root
- . s L
23240 144 .4 0.004™ 0.022™ 0.0036 0.0028" 5 $355 e
Fertilizer treatment
" . . 53
26896 3.36™ 0.014 0.009™ 0.0004" 0.012 1 S
Lettuce cultivar
P X 68 sles
3330™ 145.6™ 0.005" 0.020™ 0.0023" 0.004" Fertilizer treatment X
Lettuce cultivar
o
1937 97.5 0.002 0.013 0.0010 0.0027 24
Error
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s

" Non significant, * Significant at 5%, * Significant at 1%
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Table 5. Mean comparisons of the effect of fertilizer treatment on leaf chlorophyll b, leaf total chlorophyll and leaf carotenoid of
lettuce cultivars.
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Fe concentration Leaf Chlorophyll b Leaf total chlorophyll Leaf carotenoid
(umol L) (mg g fresh weight) (mg g fresh weight) (mg g! fresh weight)
L L ads
Teresa California
Ti 20 0.29% 0.632 0.18° 0.25°
T2 40 0.312 0.702 0.18° 0.24°
T3 20 0.33¢2 0.732 0.20° 0.352
T4 20 0.332 0.812 0.24° 0.23%
Ts 40 0.27° 0.682 0.21° 0.19%
Te 40 0.30% 0.742 0.20° 0.21°
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T, and T»: 20 and 40 pumol L' of Fe from Fe-EDDHA, respectively, T; and Ts: 20 and 40 umol L' of Fe from nano iron chelate, respectively
(provided that this fertilizer can supply required Zn and Mn for the plant), T4 and Ts: 20 and 40 umol L' of Fe from nano iron chelate, respectively
(provided that this fertilizer is not able to supply required Zn and Mn for the plant); Data in each column (and row) with the same letter are not

statistically different at 0.05 probability level based on LSD Test.
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Table 6. Mean comparisons of the effect of fertilizer treatment on root and shoot fresh weights of lettuce cultivars.
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Fertilizer Fe concentration (umol L) Root fresh weight (g plant™) (LS e J§)
freatment L LA Shoot fresh weight
Teresa California (g plant™)
T 20 80.02 69.02 415¢%
T2 40 66.0? 68.0? 4362
T3 20 67.07 57.6 365°
Ta 20 65.6* 61.32 275¢
Ts 40 64.0? 79.6° 3872
Te 40 62.6° 66.0? 308°¢
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T, and T»: 20 and 40 pumol L' of Fe from Fe-EDDHA, respectively, T; and Ts: 20 and 40 umol L' of Fe from nano iron chelate, respectively
(provided that this fertilizer can supply required Zn and Mn for the plant), Ts and Ts: 20 and 40 pmol L of Fe from nano iron chelate, respectively
(provided that this fertilizer is not able to supply required Zn and Mn for the plant); Data in each column (and row) with the same letter are not

statisticallydifferent at 0.05 probability level based on LSD Test.
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Abstract

Sequestrene 138 Fe (Fe-EDDHA), one of the most common fertilizers, is used as a source of iron (Fe) in
soilless cultures, but its high price leads to increased production costs. This experiment was conducted to
investigate the effect of nano iron chelate (consisting of Fe, Zn and Mn) in comparison with Fe-EDDHA on
the micronutrients concentration, leaf photosynthetic pigments and yield of two lettuce (Lactuca sativa L.)
cultivars in soilless culture. A factorial experiment using completely randomized design was carried out with
two factors of iron fertilizers and lettuce cultivars (Teresa and California) and three replications at
Shahrekord University. Lettuce plants were nourished with 20 and 40 pmol L of Fe in nutrient solution
from sources of Fe-EDDHA and nano iron chelate (provided that this fertilizer can supply or is not able to
supply Zn and Mn required for the plant). The results indicated no significant difference between the
application of 40 umol L' of Fe from either nano iron chelate (provided that this fertilizer can supply Zn and
Mn required for the plant) or Fe-EDDHA fertilizers in respect to leaf chlorophyll and carotenoid contents,
root and shoot fresh weights, and shoot Fe concentrations of the studied lettuce cultivars. Although the
highest shoot fresh weight (436 g plant') was obtained in 40 pmol L' of Fe as Fe-EDDHA, it was not
significantly different with shoot fresh weight (387 g plant™') gained by application of 40 umol L of Fe as
nano iron chelate. Based on the results, nano iron chelate might be an ideal substitution for the Fe-EDDHA
in soilless culture of lettuce, however further research is still required to completely evaluate its potential
risks to the environment and food safety.

Keywords: Leaf chlorophyll, Lettuce cultivars, Nutrient solution, Sequestrene 138 Fe.

Background and Objective: Iron (Fe) is one of the essential micronutrients for plant growth and plays an
important role in photosynthetic processes. Generally, synthetic-Fe fertilizers are used to supply Fe in
nutrient solutions in soilless cultures. Synthetic chelates (i.e., Fe-EDTA, Fe-DTPA and Fe-EDDHA) are
effective sources of Fe for nutrient solutions but they are expensive and vulnerable to photodegradation.
Recently, nano iron chelates have been synthesized and used as sources of Fe for plants. In this context,
Roosta et al. (1) reported that the highest values of leaf Fe, plant pigments and vegetative growth of lettuce
plants were obtained in plants treated with nano iron chelate in nutrient film technique. This research was
carried out to elucidate the effect of nano iron chelate in comparison with Fe-EDDHA on the shoot and root

1- Soil Science and Engineering Department, Faculty of Agriculture, Shahrekord University
* Corresponding Author, Email: shkiani2002@yahoo.com

90



The Effect of Nano Iron Chelate on the Micronutrients ... Mirzaeyan Dehkordi et al.

micronutrients concentration, leaf photosynthetic pigments and yield of two lettuce cultivars.

Methods: A factorial experiment using completely randomized design was conducted with the two factors of
iron fertilizers and lettuce cultivars (Teresa and California) and three replications in hydroponic culture. Iron
fertilizer treatments were: T; and T, indicating 20 and 40 umol L' of Fe as Fe-EDDHA, respectively, and Ts
and Ts representative of 20 and 40 umol L of Fe as nano iron chelate, respectively (provided that this
fertilizer can supply Zn and Mn required for the plant). In T3 and Ts treatments, part of Zn and Mn in the
nutrient solution was supplied from nano iron chelate and the remaining amounts were supplied from zinc
sulfate and manganese sulfate, respectively. In T4 and T treatments, 20 and 40 pmol L' of Fe as nano iron
chelate were applied, respectively (provided that this fertilizer is not able to supply Zn and Mn required for
the plant). In T4 and Ts treatments, all applied amounts of Zn and Mn in the nutrient solution were supplied
from zinc sulfate and manganese sulfate, respectively, and the ability of nano iron chelate in supplying these
elements was ignored. Lettuce seedlings were transferred in 2 L plastic vessels (one plant per vessel)
containing aerated nutrient solutions. Eight weeks after transplanting, chlorophyll a, b and (atb), and
carotenoids were quantified using Saini method (2). Then, plants were harvested and fresh weights of shoot
and root were determined. Plant organs were dried and dry weights of shoot and root were measured. Plant
samples were ground for nutrient analysis and concentrations of Fe, Mn, Zn and Cu were measured using
atomic absorption spectrometer.

Results: The results revealed no significant difference between the application of 20 pmol L of Fe from
either nano iron chelate or Fe-EDDHA fertilizers in terms of root and shoot Fe concentrations, leaf total
chlorophyll content, leaf chlorophyll b content as well as shoot fresh weight. Also, addition of 40 umol L' of
Fe from nano iron chelate (provided that this fertilizer can supply Zn and Mn required for the plant) and Fe-
EDDHA fertilizers had both the same effect on the leaf chlorophyll and carotenoid contents, root and shoot
fresh weights and shoot Fe concentration. Results showed that application of 20 and 40 umol L of Fe as
nano iron chelate significantly increased Mn and Zn contents in root and shoot as compared with Fe-
EDDHA. Based on the results, nano iron chelate can release Zn and Mn in the nutrient solution for
production of lettuce.

Conclusions: The sustainable release of nutrients from nano iron chelate showed that this fertilizer may be
used as a source of Fe, Zn and Mn for lettuce plants and could be a promising substitution for Fe-EDDHA in
nutrient solutions. Further studies on the potential risk to the environment and food safety of this fertilizer
need to be considered.
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