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Table 1- Chemical characteristics of chelates
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Compound Color pH Precipitation ~ Soluble element Complexed Complexed
pH (g kgh element (g kgt fraction (%)
Fe(Chi)z-acid-hyd BDrg\';'v‘n 35 5.5 4431 43.42 98
Fe(Chi)2-enzymatic-hyd Bl‘_rlc(;:]vr:/tn 3.8 5.0 39.50 29.50 74
Fe(Gly)(SO25H0 DK 45 5.0 181.2 108.6 60
Red
[Fe(Phe)].(S04)25H,0 LI 3.2 5.2 21.50 10.20 a7
Red
[Fe(Met)2].(SOx).Hz20 Red 3.3 5.0 56.12 30.86 55
Fe(Tyr)s].(S04).0.5H,0 19Nt 36 6.5 14.21 07.10 50
green
Fe-EDDHA Red ---- ---- 1411 13.26 93
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1- Translocation Factor
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Table 2- Composition of nutrient solution

S 5 (Y90 ko) cile S5 (Y90 o) e

Component  Concentration (mM) Component Concentration (mM)
KNOs 1.00000 HsBOs 0.0200
Ca(NOs)2 1.00000 MnSO4 0.0020
NH4H2PO4 1.00000 ZnSOq4 0.0020
MgSOa4 1.00000 CuSO4 0.0005
KCI 0.05000 NiSO4 0.0010
H2Mo0704 0.00002 Fe-Organic chelates or Fe-EDDHA 0.1000
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Table 3- Percentage of Fe remained in solution after 5 days of interaction in nutrient solution
Different letters denote significant differences following Duncan test (n=3, p<5%) 2.

lis Jgloe ol Jged S Jole 45 oilondl o2l o s
Nutrient solution  Fe-organic chelates Percentage(%o) of Fe remaining in solution
NS1 Fe-Chi(A.hyd) 922
NS2 Fe-Chi(E.hyd) 71b
NSs Fe-Gly 882
NS4 Fe-Phe 65°
NSs Fe-Met 852
NSs Fe-Tyr 912
NS7 Fe-EDDHA 902

apH of nutrient solutions in all of samples adjusted in 6 on based Hoagland & Arnon, 1950.
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Table 4- Analytical data for synthesized Fe-Chelates

ool Il ed S P90 (159 (pogill) cad S ol () plewl, (7) (09 duwlixo) 00l 2adliie
Fe organic chelates Molecular weight Size of chelate (hm) Yield Found (Calculated) (%)
C H N
Fe(Chi)z-acid-hyd 564.14 1.72 85.20 43.12 (44.28) 7.70 (7.45) 6.96 (6.01)
Fe(Chi)z-enzymatic-hyd 523.12 2.24 84.00 4431 (45.82) 6.32(7.56) 5.78 (6.01)
[Fe(Gly)2.S04].5H20 413.11 0.51 83.15 6.30 (5.81)  4.17(3.66) 2.97 (4.17)
[Fe(Phe)2.S0O4].4H20 721.80 1.30 83.11 43.3.1(44.48) 6.91(5.89) 5.41(5.74)
[Fe(Met)2.(SO4)].H20 468.35 1.12 80.25 25.98 (25.64) 5.95(5.17) 5.50(5.98)
[Fe(Tyr)s(SO4)].0.5H20 704.48 1.25 81.36 46.17 (46.03) 6.33(4.86) 5.81(5.96)

(KBr ) o1 b lwginS g dinel (glas! il IR gL —0 Jgua
Table 5- Selected IR bands (cmt) of amino acids and chitosan with Fe (KBr disk)

U‘M _‘5” dlﬁb‘o))é v (NH2) Va\syml (CO0O) Vsym2 (CO0O) v (C-N) A (Vasym- Vsym ) Fe-N Fe-O
Fe — Organic chelates

Fe(Chi)2-acid-hyd 3429.2 1610.5 1410.0 1103.2 200.5 450 617
Fe(Chi)z2-enzymatic-hyd 3465.0 1600.2 1415.0 1095.0 185.2 480 652
[Fe(Gly)].(SO4)25H20 3413.8 1593.1 1392.8 1080.1 200.3 509 624
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[Fe(Tyr)s].(SO4).0.5H20 3205.5 1589.2 1380.0 11534 209.5 470 493
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Table 6- Analysis of variance of application of Fe organic chelates on some growth indexes and Fe content in shoot and root
of corn (A) and bean (B)
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0.1 significant and ™ 0.5 significant correlations with Duncan's test
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Figure 1- Comparison of means of shoot (A) and root (B) dry matter of corn and bean in different iron nutrient solution
(mean comparison was down with Duncan test (P<0.05) for each plant separately)
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Figure 2- Comparison of means of Fe content in bean and corn shoot in different iron nutrient solution
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Figure 3- Comparison of means of Fe content in bean and corn root in different iron nutrient solution
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Introduction: Iron (Fe) is an important micronutrient that plays a role in several crop physiological processes
such as photosynthesis, respiration, and synthesis of heme proteins, DNA, RNA, and hormones. The most common
Fe source used in agriculture is Fe-EDDHA. However, the usage of this chelate may be problematic for plant
growth. In the recent years, organic chelates have gained attention as they increase the microelements solubility
and prevent iron precipitation in nutrient solution. Organic chelates such as amino acids and polysaccharides have
many physicochemical (reactive OH, COOH and NH. groups) and biological (biocompatible and biodegradable)
properties that make these attractive materials usable for the agricultural practice. Biodegradability, low toxicity,
immune system stimulation, the ability to coordinate metal, less sensitivity to photodegradation, and the effect on
physical properties of rhizosphere and root growth dynamic are ideal properties of these components. The objective
of this study was to evaluate Fe-organic-chelates efficiency as Fe sources for bean (Strategy 1) and corn (Strategy
I1) growth in the hydroponic system.

Materials and Methods: In this research, we synthesized Fe-amino acid chelates including Fe-Glycine (Fe-
Gly), Fe-Phenylalanine (Fe-Phe), Fe-Tyrosine (Fe-Tyr), Fe-Methionine (Fe-Met), and Fe chitosan chelates in two
forms of acidic hydrolyzed chitosan [Fe-C(A.hyd)] and enzymatic hydrolyzed chitosan [Fe-C(E.hyd)] and
characterized by FTIR and CHN analyzer. The efficiency of these iron sources for bean (Strategy II) and corn

(Strategy 1) in hydroponic system was then evaluated. Seeds of bean and corn were washed with distilled water
and transplanted into special containers containing coco peat, perlite and vermicompost (1:1:1) at 25 °C for
germination and initial growth. The seedlings were transferred to polyethylene plastic lids fitting tightly over 8-L
polyethylene containers under controlled conditions in the greenhouse with a light period of 8 hours per day, the
temperature of 20 to 25°C and relative humidity of 65 to 75%. The pots were stacked in black color to prevent
light reaching the root of the plant and the solution. In each pot, one plant seedling was placed and the basic
nutrient solution was prepared in deionized water. The plants were harvested after 8 weeks, their root and shoot
were separated and dried after washing with distilled water in an oven at 75 ° C. The dried samples were ground
to fine powder to pass through a 20-mesh sieve. The analysis of Fe in samples was performed using atomic
absorption spectrophotometer.

Result and Discussion: Application of organic chelates of amino acids and chitosan increased the shoot dry
matter per plant compared to Fe-EDDHA. Fe content in shoot of corn and bean was highest using Fe-Tyr, Fe-Met
and [Fe-C(A.hyd)]. Uptake and accumulation of Fe in roots were observed by using all chelates, but the highest
translocation factor was found for the treatments including [Fe-C(A.hyd)] and Fe-Tyr. Translocation factor in bean
plants was higher than corn, and around half of Fe in bean plants was translocated from root to shoot. The use of
iron chelates in plant growth medium increased the activity of ferric chelates reductase enzymes in bean and corn
compared to Fe-EDDHA. However, the mean of this enzyme activity in bean was higher than that in corn.
Therefore, the activity of this enzyme can be used as an indicator for determining the iron availability in leaf cells
in Strategy | and Strategy Il plants. In general, the plants need less energy to absorb Fe when the chelates with a
simpler structure are used.

Conclusion: The results indicated that using Fe organic chelates in the hydroponic system could supply
sufficient amounts of iron for the plant uptake and also improve the root and the shoot growth of bean and corn.
Overall, the effect of Fe organic chelates on Fe content of bean and corn shoots was in the following order: Fe-
Chi(A.hyd) > Fe-Tyr > Fe-Met > Fe-Gly >. Activity of leaf ferric chelate reductase in bean was higher than that
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