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Table 1- The composition of nutrient solution used for
tomato nutrition

stlonss S 53 - Ll

Chemical composition  Concentration
Ca(NO3)2.4H20 (mM) 5
KH2PO4 (mM) 0.2
K2S04 (MM) 0.2
MgS04.7H20 (mM) 0.3
NaCl (mM) 0.1
MnS04.H20 (uM) 7
ZnClz (UM) 0.7
CuS04.5H20 (uM) 0.8
H3BOs (UM) 2
Na2Mo004.2H20 (UM) 0.8
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Table 2- ANOVA for the effect of application methods and different Fe sources on the vegetative characteristics of

tomato
©la e a0be
Mean of square
P ae . I 039
— r 00X Suid (39 X 09 < i
el @ £ | L Y s W S B INES e Ay,
o s . J -,
Source Of variation st'}‘ Helght Stem Number Number Fresh Dry Fresh i)
df diameter ~ of node  of flower weight weight weight Dry
shoot shoot root weight
root
38 sla g,
Application 1 42001  1.17% 18.37+ 30.37*¢ 78547  352.74** 88197  573*
methods
ool e 199.82# 0.59# 56.82# 106.04** 781.30% 356.53* 678.23% 21.87*
Sources of Fe
ale X35 (slasdg,
ol
Application 3 86.77 0.084" 2.82 5.26" 278.72 133.53 174.67 3.44
methods*Sources of
Fe
s
16 20.87 0.056 0.42 29.3 60.97 9.32 46.92 0.78
Error
(8253) Syt o 5.46 3.09 5.75 10.69 7.78 16.39 10.51 4.54

CV%

Ao ) g0 Jlain] pdaw (3 I gixe gl 0ind Ll (a5 4y i g 5 g > Jxe gl pae NS

ns: non- significant, * and **: significant at 5% and 1% of probability level, respectively.
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Table 3- Interaction effect of application methods xdifferent Fe sources on the vegetative characteristics of tomato

S e e . SWE (39 e SWE (4339
Y N DY R R Attt - AR ) 2 0d9 addy
A ) lication Source; of  Plant No. of Shoot fresh 4 Root fresh ¢
pp height node weight Shoot dry weight Root dry
methods Fe h h
(cm) (plant™) (g plant™) weight (g plant™) weight
(g plant™) (g plant™)
Fe- 894 c b b be cd
EDDHA +2.gb 13+0.6 108+ 5.8 63.27%£1.2 16.52+1.2 4.62+0.3
98.5
Gk 3l (@3 gl Fe-EDTA +2 62 16.33+0.32 130.67+3.92 94+5.2¢8 40.79+2.92 8.39+0.62
0 82.83 * b
Rooapplied  FeDTPA  %290% 9331030 oLgosdss 6948771 1588+15%  4.96£1.1°
80.67 + ) . \
FeSOs 2 ¢ 9.67+0.3 93.88%6.7°¢ 58.031£5.1 16.67+0.66" 5.09+1.3°
EDF|§|-'|A 792'667(: * 9.67+0.34 91.67+3.75°¢ 55.67+1.5° 13.59+0.82¢ 3.23+0.2d¢
5, . FEEDTA SLR 1467603 10267:29%  67.33:15" 1044329  7.40%0.56%
Foliarspray  pe-ptpa 8487 9330030 95432 55754240 1563140 60202
7167 £ e c b d e
FeSO4 5 49 7.67+0.3 89.33+3.8 55.54+0.5 10.52+0.62 2.51+0.1

il e Sl (glaels w90l 3l ealitul b ko ps B Jlein] pdaw 53y gize BB pas oaimdlis o 09,5 5 (ygiw o 40 aliie g >

Columns and group’s treatments with the same letters are not significantly different at 5% of probability level using Duncan’s multiple range test.
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Table 4- Simple effect of application methods and different Fe sources on stem diameter and number of primary flowers

o a8l ylad adgl g JS slaxs
Treatment Stem diameter (mm) Number of primary flowers (flower plant—1)
a2 Gu Sl 3 slns 7.92+0.18 18.08+0.67°
Root-applied
Sy 5
2 b sbee 7.48+0.05 15.83+0.33
Foliar spray
Fe-EDDHA 7.77%0.22 15.67+0.63°
Fe-EDTA 7.7+£0.62 21.67+1.82
Fe-DTPA 8.04%0.12 18.67+0.5%
FeSO4 7.28+0.2° 11.83+0.5¢

b Sl (glaals Wi y903] 51 ookl b boyd & Jlois] gaws )3 55 xe BB pie oaimd yLis jlosi 09,5 g ygiw ya > aliie g y>
Columns and group’s treatments with the same letters are not significantly different at 5% of probability level using Duncan’s multiple range test.

S5 0l )3 Bpae py polie ClIE ol liSe @ilio 93,5 (5 g, ST (il g 42325 -0 Jgoar
Table 5- ANOVA for the effect of application methods and different Fe sources on macronutrient concentrations (%6DW) of

tomato
Ola o (wKile
Mean of square
Ol yt5 23lio 4,3 Mg K P Ca
Source of variation &l Ay ldle ady;  sldls Al sl Ak, ollle
df Roots Shoots Roots  Shoots Roots Shoots Roots Shoots
50, la sy, 1 0.022#= 0.00039™  0.03* 0.23** 0.31#  0.0002"™  0.006*  0.014**
Application methods
ol @l 3 0.03**  0.0004**  0.06** 0.2% 0.065**  0.0015* 0.007**  0.022**
Sources of Fe
ool mlie X018 cla o, 3 0.007**  0.001*= 0.002"  0.002"  0.0096*+ 0.0002" 0.0003"™  0.001"
Application methods*Sources
of Fe
(IS 16 0.002 0.0018 0.006 0.002 0.002 0.0002 0.0002 0.0007
Error
(o) Sl ysis oy 2.23 2.25 13.39 3.57 11.93 11.05 4.58 4.54
CV%

oy ) 50 Jless] e 3 ) ime ©gldd odima LS i 4y s g g D gime gl ey pas NS
ns: non- significant, * and **: significant at 5% and 1% of probability level, respectively.

iy g5 LS 13 Wpao p polis ClIE o o aslio g (2T 395 539,15 g, 95 03lw WIST-T Joua
Table 6- Simple effect of application methods and different Fe sources on macronutrient concentrations
(%DW) of tomato

slow Ca P K
Treatment PPN Ay 8 L LG Al 8 )l L Al
Shoots Roots Shoots Roots Shoots Roots
adoy Goob il ey Jge  0.3320.12 0.61+£0.14%  0.133+0.005% 0.47+0.14® 1.35+0.006% 0.61+0.0062
Root-applied
S r b glore 0.30+£0.02  0.56+0.02° 0.126+0.0058 0.54+0.0332 1.15+0.033° 0.54+0.0332
Foliar spray
Fe-EDDHA 0.29+0.008°  0.54+0.14°  0.13+0.006% 0.5+0.16? 1.23+0.1°  0.58+0.006°
Fe-EDTA 0.34+0.08*  0.61+0.14°  0.12+#0.005®  0.26+0.15¢  1.13+0.01°¢ 0.52+0.03b
Fe-DTPA 0.37+£0.012  0.66+0.012  0.15+0.0152  0.29+0.15" 1.51+0.172  0.71+0.072
Fe-FeSO4 0.30+0.006° 0.53+0.012° 0.11+0.001° 0.36+0.11°  1.12+0.04¢  0.47+0.04¢

il e Sl (glaels w90l 3l ealitul b ko y3 B Jleis] pdaw 53 Iy ixe BB pae oaimd lis low 09,5 5 (ygiw o 4> alie g >
Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple range test
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Table 7- Interaction effect of application methods xdifferent Fe sources on P and Mg concentrations (YoDW) of tomato

ol @l 352)8 S hy,
Sources of Fe Application Mg P
methods Ay 5 lus L by, o lws LS
Roots Shoots Roots Shoots
adyy Gk 5l e Jsbre Fe-EDDHA 0.4%0.001° 0.54+0.0012 0.67+0.006? 0.13+0.0062
Root-applied Fe-EDTA 0.37+0.0003¢ 0.39+0.0005¢ 0.38+0.006" 0.126+0.0062
Fe-DTPA 0.37+0.0005¢ 0.4+0.0006° 0.36+0.006" 0.15+0.0062
Fe-FeSO4 0.54+0.00022 0.57+0.0009° 0.47+0.002° 0.126+0.0022
S r il Jsbre Fe-EDDHA 0.52:+0.0042 0.55+0.0006° 0.33+0.015% 0.13+0.015?
Foliar spray Fe-EDTA 0.37+0.002¢ 0.38+0.0006° 0.15+0.002¢ 0.12+0.0022
Fe-DTPA 0.5+0.0006" 0.44+0.0007" 0.22+0.006¢ 0.15+0.0062
Fe-FeSOs4 0.54+0.001? 0.55+0.00012 0.27+0.001°% 0.1+0.0012

b Sl (glaals wix y903] 51 ookl b o )3 & Jlois] gaws )3 55 ixe BB pie oaimd yLis jlosi 09,5 g ygiw ya 3 aliie by y>
Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple range test

(5554295 oS )3 B e o5 polic CBIE 1 ] il lie 53,2, S sSay 1 il fy 4525 A Jgsa
Table 8- ANOVA for the effect of application methods and different Fe sources on micronutrient concentrations of tomato

©la e abe
Mean of square
5,8 Mn Fe Cu Zn
Ol et gille ° . s . e . Ss e . e
Source of variation ¢ Al o lws L EY) o,ld e EY) \ adyy,  lusly
? Roots Shoots Roots Shoots Roots Roots Shoots
< Shoots
>j”"lg_ slaots) 1 23877.04**  1624.81**  6169.63*  2109.23 ** 0.43 1 1.08 ** 193" 100.04 ==
Application methods
ool pbe 3 3376.85** 317.92**  3631.93 **  3947.20 **  140.13* 1159*= 957.17*  41.10 **
Sources of Fe
ool glie x3,)l8" (sla iy,
Application 3 5755.72*  375.881**  248.005* 1699.002 **  199.14**  0.134* 630.25* 21.21**
methods*Sources of Fe
ks 16 24.49 1.8 0.006 20.3 0.74 0.2 45.47 0.87
Error
(303) st oy 3.34 3.49 8.64 4.17 5.64 23.19 15.58 4.88
CV%
o)) 0 Jlais] gdas )3 )l ime ©gldd edima LS ol 4y w9 g D gine gls s NS
ns: non- significant, * and **: significant at 5% and 1% of probability level, respectively.
P a8 i lals o e o did gl g juw aLS (VY Joiz) Lajlass s (10l duslio Joan oS (g y5boay
> 42 dagl S5 oSlo )3 g0 Sl o sladly cusdlyg IS 2 gl GBSy (e cn oS gyt 4 3D (L
il 3)b jl b g9, ABb o jgtume b9 IS g 9 8Ly Ol lasm S5 Jdg S b Jod )l @ Jodg S
Cblis )3 o g 89yl 4 (g3l JWsl auli8 50 oo 4SS alen b Jgdoe 5 (ade)) (2138 Jolo ol yan 4y FE-EDTA 5,8
IRVELgRPR:F| It VPN L S PRP W KW NG WVCS | SR PN ESP RSS! 9 Jodoe (sloaid jlade oyt peores el Candy ol Cldgu
JsNge S Uiy s Joge Y-V jo (slil 4 5 (rnbo il 5o Fe- (il sdome Jloss ) (s> oSy 455587 Jlade oy a8

{YAXY &) 3y 2959 (sjtmwgid Jlad il 0 4S W gwgh] LS 5 i g 59,8 g Lo Jdg J°
Jobw Cdligos)S g Cowdyg)lS (goman (ol slacSalul
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Table 12- ANOVA for the effect of application methods and different Fe sources on the Fv/Fm and PI values of tomato

Oyt @l 4,3 Slapo (ke
Source of variation 835 Mean of square
df  (Fu/Fm) yS1as @ pudie (il gl Jdg 5 (5 jRhwgid olws (2,5 (s Lo
(P1)
b S ol sBS b Sy ol sbS 2
Mature leaves Young leaves Mature Young leaves
leaves
3,8 sla 3, 1 0.03#* 0.019%* 0.74%= 0.81*
Application methods
ol @l 3 0.003=** 0.004#* 0.77% 0.52%*
Sources of Fe
ol wlie X318 (sl b, 3 0.0004* 0.0007* 0.1* 0.2%
Application methods*Sources of
Fe
Las 16 0.0001 0.00015 0.004 0.006
Error
Ol s g 1.26 1.73 3.89 5.37
CV (%)

Lo ) 90 Jlain] e 53 )y gixe glds onimdliS i 5 4y s g s g I gime gl 1y NS
ns: not significant, * and **: significant at 5% and 1% of probability level, respectively

5958 4295 0l )3 (P19 FUIFM) (g jiiuwgid (b plal,l 2 oo cilitien qilio x (ool (5395 3,15 b9 (JiiSod 2 VY g
Table 13- Interaction effect of application methods xdifferent Fe sources on the Fv/Fm and P1 values of tomato

352,85 sy, bl gle (Fu/Fm) 8100 &y puiite (il 9l Judg I (PI) (g humgid oliwd 0l )5 a3 LS
Application methods Sources of Fe A gbS Ol 1S A s ol SBS
Mature leaves Young leaves Mature leaves Young leaves
adyy yb 5l 3 Jolxe Fe-EDDHA 0.75+0.004° 0.75+0.001° 1.76+0.001° 1.52+0.079°
Root-applied Fe-EDTA 0.77+0.004% 0.79+0.0012 2.46+0.001* 1.36+0.08%
Fe-DTPA 0.78+0.0032 0.75+0.003° 1.47+0.003° 1.45+0.02"
FeSO4 0.74+0.006° 0.74+0.02¢ 1.46+0.02« 1.45+0.02"
S b Jslre Fe-EDDHA 0.67+0.008° 0.70+0.0014 1.26+0.001° 1.15+0.04¢
Foliar spray Fe-EDTA 0.71+0.003¢ 0.72+0.01° 1.82+0.01° 1.480°
Fe-DTPA 0.72+0.008« 0.72+0.003° 1.36+0.003% 1.32+0.01¢
FeSO4 0.66+0.003" 0.66+0.0002° 1.30+0.0002¢ 1.22+0.01¢%

il e S (glaels wix ygejl 3l ealitul b ko ys B Jlein] pdaw 53 Iy gine BN pas oaimd5lis losd 09,5 5 (ygiw o 43 aliie By >
Columns with the same letters are not significantly different at 5% probability level using Duncan’s multiple range test

Slose 4 olgs e 1y o138 Jglme 4 FE-EDTA (yal 548 5,18 ool ¢ gl das Co e gusno asliy (0,8 ooy jolaie 4 1Y

D)5 dpog (SSparsS gl CulS Ol w3 il 2 Fse o5 2,8Mas 3500 3 Wi oo o 3,8 570 5 cslio 365 o
(i Jgbe i PH bl )3 culpbi il IS 06 (iS5

&l
1- Abad Faroogi A.H., Shukla Y.N., Sharma S., and Bansal R.P. 1994. Relationshio between gibberellin and

cytokinin activity and flowering in Rosa damascene Mill. Plant Growth Regulation 14: 109-113.

2- Bertamini M., Nedunchezhian N., and Borghi B. 2001. Effect of iron deficiency induced changes in
photosynthetic pigments, ribulose-1,5-bisphosphate carboxylase and photosystem activities in field grown
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Introduction: Iron is an essential element for plant growth which is involved in many plant processes such
as photosynthesis and activating enzymes involved in mitochondrial and photosynthetic electron transfer. Iron
(Fe) deficiency is a common disorder affecting plants in many areas of the world, and is chiefly associated with
high pH, calcareous soils. Plant Fe deficiency has economic significance, because crop quality and yields can be
severely compromised. Deficiency or low activity of iron in the plant causes chlorophyll is not produced in
sufficient quantities and the leaves are pale. The decrease of chlorophyll leading to the reduction of the plant
food processor and finally the yield is reduced. Iron fertilizers are grouped into three main classes: inorganic Fe
compounds (soluble ones such as FeSO4-7HO), synthetic Fe chelates [such as ethylenediamine tetraacetic acid
(EDTA) and ethylenediamine-di (o-hydroxyphenylacetic acid) (EDDHA)] and natural Fe-complexes (humates
and amino acids). Iron could be applied in different chemical forms, including chelates and inorganic Fe salts.
To our knowledge, no published data for tomato growing under hydroponic conditions have assessed the effects
of application methods and different sources of Fe Fertilizer on plant yields, growth and nutritional condition.
Therefore, this work was carried out to study the effect of FeSO., Fe-EDTA, Fe-EDDHA and Fe-DTPA as a
foliar spray and root-applied on the growth, yield, physiological characteristics of tomato plants under
hydroponic system.

Material and Methods: Regarding to the role of application methods and Fe sources on the absorption of
this element and the process of photosynthesis and plant growth, a factorial experiment was carried out to
determine the best methods of application (add to nutrient solution and foliar spray) and iron fertilizer (FeSQa,
Fe-EDTA, Fe-DTPA and Fe-EDDHA) for growth and physiological characteristics of tomato in hydroponic
system with three replications. Analysis of variance (ANOVA) was performed using the SAS program. If
ANOVA determined that the effects of the treatments were significant (P <0.01 for F-test), then the treatment
means were separated by Tukey range test.

Result and Discussion: The results indicated that the plant height, dry and fresh weight affected by the
application methods and iron fertilizer, so that the maximum and minimum plant height, and dry and fresh
weight were obtained in application of Fe-EDTA to nutrient solution and foliar application of FeSOs,
respectively. Mohammadipour et al., (2013) reported that by applying nano-chelate fertilizer of iron, iron sulfate,
Fe-EDTA and Fe-EDDHA by two methods of foliar application and root-applied (soil) of Spathiphyllum plant, a
significant difference between the types of fertilizer and application method were used. So that the maximum
height and dry weight of the plant were obtained in Fe-EDDHA fertilizer treatment to the root application. The
root and leaf Fe concentration affected by source of iron and the method of application so Fe-EDTA added to
nutrient solution and foliar application had the highest amount of Fe in the root and leaf, respectively. Cu, Mn,
Zn and some macro elements such as; Mg and P also influenced by the type of fertilizer and method of
application. Roosta and hamidpour (2013) showed that the foliar application of Fe-EDDHA under aquaponic and
hydroponic conditions increased the amount of K, Mg, Fe and decreased the concentration of Zn, Cu and Mn
compared to the control treatment in tomato plants. Current experiment results showed that the maximum
chlorophyll content (a, b and total) and maximal quantum yield of PS Il photochemistry (F./Fm) and performance
index (P;) values of young and old leaves were found with Fe-EDTA in nutrition solution and the highest
carotenoids and sugar soluble content were found in FeSOas in nutrient solution and foliar application,
respectively. Roosta and Mohsenian (2012) reported that there was also a linear relationship between leaf-Fe and
chlorophyll content in pepper. The application of inorganic Fe salt (FeSO4) and Fe-chelates (Fe-EDDHA and
Fe-EDTA) on pepper plants increased Chl a content in leaves of these plants compared to the control.
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Additionally, several investigations have described the beneficial effects of foliar Fe. Iron deficiency caused a
significant reduction in the amount of chlorophyll a, b, total and carotenoids of pea (Iturbe-Ormaetxe et I., 1995).

Conclusion: Based on the results, Fe-EDTA and Fe-EDDHA had the highest significant effect on vegetative
growth of tomato, respectively. Thus, at neutral pH of nutrient solution as occurred in this experiment,
application of Fe-EDTA in nutrition solution is suitable than the other source of iron fertilizer for tomato growth.
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