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Table 1. Some physical and chemical characteristic of iron complexes used in the experiment

Compound Color Solution precipitation Soluble Complexed Complexed
P pH? pH element (g kg?) element (g kg') fraction (%)
Fe-chitosan Dark Brown 35 55 44.31 43.42 98
Fe-tyrosine Light green 3.6 6.5 14.21 7.10 50
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Table 2. Characteristic of studied soil

Property Unit
ECe (dS m1)? 0.7
pH (H.0) 7.8
SARP 3.2
Sand (%) 76
Clay (%) 12
CaCO; (%) 14
Organic C (g kg) 2.1
Total N (mg kg™ 0.06
DTPA-extractable Fe (mg kg?) 2.1
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Table 3. Structural characteristics of Fe Organic Chelates

(Molecular Size of
(Organic Fe chelates) weight) chelate (Yield) (%) Found (calculated)
’ (nm)
C H N
Fe(Chi)zhyd-a 564.14 172 852 4312(4428) 7.70(7.45) 6.96 (6.00)
[Fe(Tyr)2].(S04).0.5H,0 704.48 1.25 81.36  46.17 (46.03) 6.33(4.86) 5.81(5.96)
(@]
NH,
HO
\F/
e
y \NH2
HO
(@]
OHCH,

Fe-Tyr ¢ Fe-Chi glaedls oo jLisle -) S
Figure 1. Possible structure of Fe-Tyr and Fe-Chi

5 Ooeel Slmog)S slaassn (WSS 50 Sliess
log,S (nl b ol 518 (1515 onims i JemS 528
(Caiqin et al, 2002) oL oo JI OloS 5,0 ble
Vo sleog S (ln oo osal i Jui yus slanil
1600 — 1625 sogusre ;o of3] slauilld o « (C=0)
odgame yo ol L SluS 5 opl slaedls g ecmt
58 s LalS L wia s saml e 1570-1593 cmrt
odipy i ‘_,’JT Sl 5 50 JomuS 53,5 slaog S
01 515 L Je S 50)S (sloog S iy oSS S5
lasign Jore ;o (uilS 8 Slpess (IS pob 4 b bioe
2 oS 5)S 5 el Sloog S 45 aimo o i
2555 o8l 518 L SLaS oS5 jo ST olS
olid 35 Y Jeax )0 99250 (SUl slaosls an
b Gl (6515 5 (0295w Sl sla Sy 4 wo3 oo

RN

8s Bd (NH2) ws (Co0) wva (C00Y) slaaige L ol

el ol o2 Vs (CNN) 5 va (CNN) 5 (Coo’) (NH_)
Fo—i o=y (Nakamoto & Nakamoto, 1977)
95 5 Jeme S35 5 el sloog S50 Wiy sla S
ol Glaow | IS el 4y .08l o 3l LS 5 0yl
QS o Joe dilaings Al e a4 Lo S g
Wgm S L 39 051 So g STl o L g
Q‘JT Lgl.bd.)l.i..j 6‘1.: 0 uL?b.)‘ IR 6@&};.) MQGQ
ouls oals Ll ¥ Jgum o u.aaT L [Q,JT sladls 4
400- ogazma ,o oyl B L ol en g oliT slo ws K
‘_gh'b..\jg:.; —~NH; L;L&ao”f ‘_g\ﬁ .o)lo Sg>g 4000 cm™?
oogazma ;0 ool 518 L I gla oS jo Jh—iy s
@ laign opl 45 Wa—& soal i 3200-3500 cm?
> oy sl o 5 S5 s sl 25T,
A oo Hlad moly oSy (glos Syl 4y g 00



sl a5 Candg p el o )5 sla i) 5 ol sla OIS 31

(KBI Sz d) 501 b (ylwrgiuS 3 ol gloam! (oliil IR glaail -F Jgux
Table 4. Selected IR bands (cmt) of amino acids and chitosan with Fe (KBr disk)

v (NHy) v (C=0) v (C-0) v (C-N) 3 (C=0)
Chitosan 32446 1600.7 1500.7 1099.3 775.3
Tyrosine 3150 1620 1500 1180 750
Fe(Chi)zhyd-a 3429.2 1570.5 1450 1103.2 775.3
[Fe(Tyr)].(S04).0.5H,0 32055 1589.2 1480 1153.4 740.6
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Table 5. Analysis of variance of shoot dry matter, root dry matter, Shoot Fe content, Root Fe content and

Shoot N content of bean treated with Fe organic chelates in three application methods

Source

of variation Df Mean square
Catalase
Shoot DW Root Shoot Fe Shoot Fe Root Fe Shoot N activity
(g pot) DW content concentration content content umol gy
-1 -1 -1 -1 -1
(9 pot™) (mg pot?)  (mgkg*DW)  (mg pot™) (mg pot™) EW min
Type of chelate 2 88.05%  206%*  1225%  18395.98**  83g%* 494277 goguax
Method 2 505.79***  4,155*** 54,97*** 351888.77*** 26.12*** 40584*** 2.353***
Type * Method 4 5.467** 0.913** 19.24%** 6044 7*** 9.754*** 27308*** 1.28***
Error 18 16.98 0.196 0.615 11240 0.502 119.63 0.004
CV (%) 4.66 4.96 6.59 6.01 4.2 4.56 2.39

** Significant in P<0.05, *** Significant in P<0.01
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Figure 2. The mean of shoot and root dry weight in application of Fe-Tyr, Fe-Chi and Fe-EDDHA chelates
with three soil, fertigation and foliar application methods
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Figure 3. The mean of shoot Fe concentration in application of Fe-Tyr, Fe-Chi and Fe-EDDHA chelates with
three soil, fertigation and foliar application methods
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Figure 5. The mean of shoot N content in application of Fe-Tyr, Fe-Chi and Fe-EDDHA chelates with three
soil, fertigation and foliar application methods
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Table 6. Correlation between shoot DW, Shoot Fe content, Root Fe content and Shoot N content of bean
plant in application of Fe-organic chelates

Shoot DW Shoot Fe content  Root Fe content ~ Shoot N content
DW Shoot 1 0.65** 0.74** 0.71**
Shoot Fe content 1 0.60** 0.71*%*
Root Fe content 1 0.86™*
Shoot N content 1

** Correlation is significant at the 0.01 level
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Figure 6. The mean of Catalase activity in application of Fe-Tyr, Fe-Chi and Fe-EDDHA chelates with three
soil, fertigation and foliar application methods
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Figure 7. Effect of Fe organic chelates on root Fe chelate reductase activity (FCR) of bean over time.
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Effect of Iron Chelates and their Application Methods on Iron Nutrition
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Abstract

Identification and synthesis of new organic iron chelates with higher efficiency than conventional
synthetic chelates seems to be necessary to improve the nutritional status of iron in calcareous soils
of Iran. In this study, first the amino acid chelates of tyrosine-iron (Fe-Tyr) acid-hydrolyzed chitosan-
iron (Fe-Chi) were synthesized by laboratory methods and then some of their properties were
characterized. A greenhouse experiment was designed as a factorial experiment based on completely
randomized design with three replications including three types of iron chelate, Fe-Chi, Fe-Tyr and
Fe-EDDHA (control) and three methods of soil application, fertigation and foliar application. Bean
plants were grown and some growth parameters and total iron content in shoot and root were
determined. The activity of root and leaf FCR (Ferric Chelate Reductase) enzymes were measured.
The results of experimental and theoretical data showed that the tyrosine and chitosan were
complexed with iron metal. The results showed that the highest shoot dry weight was observed in
soil application of Fe-Chi and fertigation of Fe-Tyr. Also, fertigation of Fe-Chi increased root dry
weight compared to control significantly. The highest content of total iron (10.3 mg pot™) was
observed in soil application of Fe-Chi in bean shoots which showed 36% higher Fe uptake than Fe-
EDDHA. There was a significant positive correlation between shoot dry weight with iron and
nitrogen content in shoots of bean plants. Investigation of root FCR enzyme activity revealed that
soil application of Fe-Chi and fertigation of Fe-Tyr had the highest mean of FCR activity. In the
foliar and fertigation application of Fe-Tyr, leaf FCR activity increased to 40 days after the start of
the experiment. Soil application of Fe-Chi and foliar of Fe-Tyr during plant growth can improve the
nutritional status of iron in bean plant
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