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9- Helianthus annuus
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2- Surfactants
3- Ligands
4- EDTA (Ethylenediaminetetraacetic acid)
5- Humic acid
6- Fe3O4
7- Suspension
8- Rosa
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Table 1. Some of the physical and chemical properties of soil.

(Content) I (Unit) a1 (Properties) S35
42 %) (Clay) -,
34 %) (Silt) el
24 %) (Sand) ..s
7.8 - (PH) s sl
7.95 dS.m™) (EC) S, culis cbls
0.5 %) (OM) JT esle
10.40 (Cmolc.kg™) (CEC) 5555 Jals o b
20 (%) (CCE) Jslas ol by
9.2 (mgkg") (P) i
52 (mgkg") (K) ooy
232 (mgkg") (Fe) ol
0.5 (mgkg™) (Zn) s,
0.55 (mgkg") (Cu) e
1.32 (mgkg") Mn) ;5
70 (%) (FC) 15 wd b obs
88 (%) (SP) glsl b,
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spectroscopy

o)

axds 5 S Gl LSS e 5o 55 eyl 0 S

0 o|}¢4{&wj¢~:s)1,\gm)%p>
0r Ol a el 35 @ SAS » e Sk
e Ol & kb 385 5 pSHhS e Sk
g3 St 0l mls el pSHES S ke
Sl (Y8) Ws S Glsl IS a St 4 S
e A3 oslital o S S ¥ el cils
Casb, 4 OIS S Cughy O, ks
Sdm s B ool kde Of L el b
Ao b Sl Lk 0 sl csle YE S
daazalS LS Sl 3l de ad adls oluls
sl fpiorea (3L Jals sae ¥ o4 Olisliss
s oa 5 (SO Dppon e bajles
VS R el R PO ISR SV B WG PR
o obsl e Job s s S Il ey, V0
Gl s s s ki Ol hug Loldls
5 Ml sd b b 4 adle Sbogas
8 Dppo Shie O L g 6 S w0 oS L]
0dp3 S il SIS S LS S ol
Sl edis § b S Hpd bl e ol
dlol sS4 gldlsl Al mjch Sk
T N S B P P W P PR &
5 alsr el S 0y Wl gLl sla sl
dfﬁjwd e g 53 3550 S 5 slies
() ol () is ole chle 5 0F) S,
A Sesll oS s (FV) (gs, 5 (OY) cal
56T 5 SAS bl A3l bl ol a5
sl bl 4 doder el Waesls a3l
Lol g Seslhl gl oxls (Sle A ol

L oy S 0700 (Sl Qj.aﬂ 3 eslanad



VEo o (1) 05l 1)) al> Sl Mgi 9 STB o yite g ul

(1) 30,8 H9ole 555 y5e
Transmitance

(1) 328 O93ke 55 s52e
Transmitance

o

4

%

i

=

Fe,O,- EDTA

3500

EDTA

3000

2600 2000 1500

A
f
\
) |
: , |
‘
L/
W
2500 2000 - 1500

Wavenumber (cm')
Ty due

(=)

BB L add als by plamST O3 ek (0) del Sl |50l g3kl 55T LK (@) FT-IR glacidb -\ Ks

ol Setanl 1 5yl 63 2k

Figure 1. The spectrum of FT-IR (a) free ligand EDTA (b) Fe;O, nanoparticles coated with a ligand EDTA.
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Figure 2. The spectrum of FT-IR (a) the free ligand HA (b) Fe;O4 nanoparticles coated with ligands HA.
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Table 2. Results of ANOVA of fertilizer types and their application methods (soil and foliar application) on

growth parameters of plant.

(Mean Square) Sl o 5L

a2

; Ls juxcie
“a gl S5 olas Kooy SV (Variables)
(Plant height) (Number of Leaves) (Dry Weight) @b
6.68" 1.50" 0.00" 1 (Application method) s s o >
86.12" 10.95” 1.68" 2 (Fertilizer) 55
33.68" 8.04" 1.92" 2 (Application method*Fertilizer) s Sx s juas o 5
1.66 1.30 10.44 12 (Error) Ua>
<0.00 <0.00 <0.00 - P Value
038 0.03 0.13 - (CV) & s oy

** Significant at 1%

O Riags ple (F Jsds) cl sl 2als aals
S350 o sl eslanal Iy s Slas JalS 5
laasly L lewly oa (0 Y) Wles S 5018 15 al
Slulin mls 50 O Kasn ale ol Jhass
sl b 8 L35 0l 5 ol W55 505 1,
Sl olS 3 ees 5 Sle Jgb el ol 4t
WLer 5 g Sue & hasn o (EY) AL s
omlRl Las dsls Olis csls el (Y4 )VD)
35 Ol SRIBl 2 AU Al Glasles (54
ol slaasl Lok, s .(0) il oS Sis
L5,S lS 50 (YN 0L 5 5y Liosi
U3 6})ﬂ‘5)\;u;uﬁ3‘l_? JAT oly3 4t ;J.UKSAS

(£8) 3,15 gaselals olS olsn ol St

k3

do s ) Clahﬂ)a Slsbias ¥

Xodsdr 53 Blie Sl 2l ag L

lhd e e 5y a2 055 Ol op SR
Aol Szl 15 el g3kl Ol b ol oS 56
LSJ‘JL;‘M u:,{\je\ Jals O S JoaS A sdalis
bl (S o8 Py 4 Sl 5 Sl aly
3,8 S sl 158 s e ol 1 LS ot
308 L amlie 3 S s Spge 4 ol
T P KT Q,ATC,.E_&«‘QTL;U-
FE s SOl Qo 1 30 s s ol Sl i
banslie 53 2ldloes (5, o5 bapliil Jav s coal
e (YY) oL ol 080 S G
Sl sk i b oS s S el Snseaid

4 S Lol 3510 (g5l pme sl SIS G e



Ol g 315 S oo dnd o

ol A3, sl eyl p LOT O aas oo g 358 Jolis Sl J1-F Jpx

Table 3. The effects of interactions of fertilizers and their application methods on plant growth parameters.

o el St 3
, | ~ 0
“p Pl (348) & 5 slaws ) 35 65 G 0 g
(Plant height) (Dry Weight) o 7
(Number of Leaves) ¥ (Fertilizer) (Application method)
(cm) (g.pot)
35.00% 13.00 2.85° (Nano-HA) Ko s donsl
P sl
4233 17.00° 436" (Nano-EDTA) EDTA ;U .
(Foliar app)
40.00° 14.00° 3.77° (Control) 4als
39.33 13.00 2.49¢ (Nano-HA ) e yon !
él}' e
36.33° 17.00° 3.06° (Nano-EDTA) EDTA ;U .
(Soil app)
40.00° 14.00° 3.77° (Control) 4als

Al o Ao s S a3 lsbine O a0l Ot A 3 L Sibe o S Rie Gy (R 5 Oy sl ”
*Different letters in each column indicate significant differences at the level of 1%.
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Table 4. Results of ANOVA of fertilizer types and their application method (soil and foliar application) on

Photosynthesis of plant.

(Mean squares) &las o (S0l

EESIRESE la aze
Carotenoids Total Chlo. Chlo. b Chlo. a @b (Variables)
0.02" 0.09” 0.00” 0.08 1 (Application method) & e o s
0.05™ 037" 0.06"” 027" 2 (Fertilizer) s ,5
0.01" 011" 0.06" 0.10" 2 (Application method*Fertilizer) > 5Sx s jas o 4>
<0.00 <0.00 <0.00 <0.00 - P Value
0.00 0.00 0.00 0.00 12 (Error) Uax
1.81 1.99 7.05 2.23 - (CV) Sl ks g

* ** Respectively significant at 5 and 1%
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Table 5. The effects of interaction of fertilizer types and their application methods on photosynthesis of plant.
Carotenoids Total Chlo. Chlo. b Chlo. a

5 e 0 g2

(Fertilizer) s ,S Q':

(mg.g") (Application method)

0.77° 3.01° 0.72* 229" (Nano-HA) oo sondsl
0.85° 247" 0.61° 1.36% (Nano-EDTA) EDTA ;i <

(Foliar app)
0.48° 2.03¢ 0.44° 1.39° (Control) 4l
0.81® 2.64° 0.74* 1.90° (Nano-HA) oo sontsl

= e
0.83* 2.55% 0.72* 1.82° (Nano-EDTA) EDTA it <
(Soil app)

0.48° 2.03¢ 0.44° 1.39° (Control) aals

Al o Ao s S a3 lsbine O a0l Ot A 3 L nSibe o S 2ie oy (2L 5 Oy sl ”
* Different letters in each column indicate significant differences at the level of 1%.
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Table 6. Results of ANOVA of fertilizer types and their application method (soil and foliar application) on
elements concentration of shoot.

(Mean Sqaure) &las § oo ol a3
(Variables) s iz
K P Zn Fe @f
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Table 7. The effects of interaction of fertilizer types and their application methods on elements concentration

of shoot.
K Con. P Con. Zn Con. Fe Con.
(Fertilizer) > 55 ¢ 5 (Application method) s ,zs o s>
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* Different letters in each column indicate significant differences at the level of 1%.
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Abstract

Background and Objectives: Modern technologies, such as biotechnology and
nanotechnology, play an important role in increasing production and improving the quality of
food produced by farmers. Salinity also directly affects the absorption of nutrients elements.
This study aims to investigate the use of nano-chelate with ethylene diamine tetra-acetic acid
(EDTA) and Humic Acid (HA) base as fertilizer agents on Sunflower.

Materials and Methods: This study was done as a pot experiment as a factorial in a completely
randomized design including two levels of iron nano-chelate fertilizer (ethylene diamine tetra-
acetic acid and Humic Acid) and two methods of application of fertilizers (foliar application
with the level of one gram per Liter and soil application with the level of one gram per kilogram
with the control) in three replications in the research greenhouse of Zabol University. Five
sunflower seeds were used for cultivation. The treatments were applied in two ways that are soil
use and spraying form, when plants are 4 to 6 leaves the treatments have been used in 4 steps
and at intervals of 15 days. The pots were irrigated by distilled water and weighting method
during the experiment period. Some growth parameters, chlorophyll content as well as nutrients
(Fe, Zn, P, K) of sunflower shoot (Helianthus annuus) under permanent salinity conditions were
investigated about two months after planting. Statistical analysis was performed on the basis of
SAS software and Analysis of data variance was done based on ANOVA software. The mean of
measured indices was categorized using Duncan test at the level of 0.05.

Results: Results showed that the interactions of fertilizer type and its method of use have a
significant effect on the shoot indexes (dry weight, leaf number and plant height), leaf
chlorophyll content (a, b, total and carotenoids) and nutrient concentration (Fe, Zn, P, K) of
sunflower plant (P<0.01). Comparison of the means showed that spraying EDTA-based iron
nano-chelate increases dry weight of shoot, the number of leaves and plant height (1.15, 1.21
and 1.05 times, respectively), the level of leaf carotenoid (1.76 times) and also Fe concentration
in the shoot (2.37 times) compared to the control. Moreover, in EDTA-based iron nano-chelate
soil application, the concentration of phosphorus and potassium elements is respectively
increased 1.59 and 1.94 than control.

Conclusion: According to the results, spraying EDTA-based iron nano-chelate improved
most of the sunflower growth parameters, which shows the superiority of this Nano-fertilizer to

HA-based iron Nano-chelate in saline soils.

Keywords: Chelate, Micronutrients, Nano-Fertilizer, Nanotechnology, Oil Plants
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