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Avrticle Info ABSTRACT

Avrticle type: Background and Objectives: The most obvious problem of calcareous
Full Length Research Paper  soils is lack of plant available iron. Iron chelates are among the effective
methods that are used to deal with iron deficiency, but they are not
economical. Nano fertilizers are a suitable option to meet the needs of the
plant with the lowest cost and high efficiency. The aim of this study was
the green synthesis of nanocarbon dot iron fertilizers in two forms,
uncoated and coated with polylactic acid polymer, and their
characterization and the incubation study of these fertilizers in a period of
one month in a calcareous soil.
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Ferrous sulfate heptahydrate by hydrothermal method and the iron nano
carbon dot sample was synthesized by polylactic acid polymer coating and
test samples after synthesis to confirm the loading of iron on the carbon dot
sample and also to confirm the successful coating of the synthesized iron
nano carbon dot fertilizer by means of UV, XRD, FS, TEM, FESEM,
EDAX, FTIR, DLS and ZP were characterized. Some of the chemical
characteristics of synthesized fertilizers such as pH, electrical conductivity,
salt index of fertilizer and percentage of total iron present in the samples of
synthesized iron nano carbon dot were measured by wet digest method. In
order to investigate the effect of synthesized iron nanocarbon dot on the
availability of iron in a calcareous soil, an incubation experiment was
conducted at a temperature of 22 + 1 degrees Celsius and the humidity of
the agricultural capacity It was done factorial in the form of a completely
random design in 3 replications. The first factor of soil application of
fertilizers includes: control (without application of nano carbon dot), iron
sulfate (level of 5 mg Fe kg™soil), sequestrin (commercial) (level of 5 mg
Fe kgsoil) and nano carbon dot of synthesized iron loaded with iron (as
two separate treatments without coating and coated with polylactic acid
polymer) each at the level of 5 mg Fe kg™soil and the second factor of
incubation time was 3, 360 and 720 hours. At the end of each incubation
period, the extractable iron content of the soil was determined with DTPA.

)


mailto:y.zeilabpour@gmail.com
mailto:mbarani2002@yahoo.com
mailto:m_rafienia@med.mui.ac.ir
mailto:elhambidram@gmail.com
mailto:yahyabady@gmail.com

Results: The successful loading of iron on the surface of nano-carbon iron
dots without coating and coated with polylactic acid polymer was
confirmed by XRD, UV-VIS, FTIR and scanning and transmission electron
microscopes. The amount of total iron in the uncoated sample was equal to
4.98% and in the sample coated with polylactic acid it was equal to 1%.
The results of incubation showed that the main effects of soil application
and time as well as the interaction effects of soil application in time were
significant at the 1% level. The results showed that the coated treatment
caused a significant increase in soil iron compared to the sequestrin
treatment (iron release changes in three time periods of 3, 360 and 720
hours,). Sequestrin treatment after 720 hours compared to the first 3 hours
increased by about 60% (from 5.19 to 8.28 mg kg™), while the amount of
iron extracted with DTPA in the coated nano carbon dot treatment
increased by about 400% (from 1.36 to 6.63 mg kg™).

Conclusion: According to the results of the research, it can be said that
among the experimental treatments regarding the slow release of iron, the
sample coated with natural and biodegradable polylactic polymer had the
highest percentage of iron release compared to other treatments, which can
be confirmed after greenhouse studies. So. It can be recommended as a
source for supplying the iron required by the plant during growth season.
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Table 3. Incubation experimental treatments.
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Figure 1. Diagram related to XRD analysis of iron nano carbon dot sample (Fe-CD).
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Figure 2. Diagram related to UV-Visible analysis of iron nano carbon dot sample (Fe-CD).
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Figure 4. Diagram related to FTIR analysis of iron nano carbon dot samples (Fe-CD) and control sample (no
iron nano carbon dot).
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Figure 5. Transmission Electron Microscopy (TEM) analysis: the image of carbon dot iron nanoparticles at a
scale of 2 micrometers and the particle size distribution diagram using ImageJ software.

Y



V€Y ) a)h».fs AY 0,92 4)|..\-j.‘g: ..\“.JyQ‘Slé A.qg.ﬁ.\.o 4?.)'“‘”

5Ol p S e DS e o ge Jele slaey S
ol B GNSLL 5w ) Al e Jlal
oSS0 ot S e e ol s
A S 3 el ST s sl
23 S sslm S Ll (S e by e Ol
R A e I AW L gt
oS o3 edd e gel 53 el S S S
b Kl e a8 3513 O35 28 a4 polat] oa
S b el 63 Gl s el laes S 5 pam
Qwﬂ&%ﬁjﬁyie‘,@qpﬂi;ay
S 5 el Shale 05,8 s e LS ol
6> il wey pl s & shle slaes S
53l SaSeds conls Sel poesdle el
TS Al By SIIENL e Ll
L J‘jdﬁjﬁtﬁﬂj’.‘bﬁ)g}ébq‘bﬁ Sl o S
chae Gos S 058 Llg s 2 Sl
Ll i Sl Ayl 3 b s 9 5 A4S Sl

Ol lg amm 55 5 WL odd uJy opal

(80) 55 Sbsy 1y s s 558 5L

oSN Sa 83 Fla b U
o goedsb Glls e« ol 5 (EDAX)
S0 S sSuws S Sl tl e YA -VO
Voo 5SS sl sdalie gl Oy e
S sSws S 5o aoonl Sl oS el gl
e Olgea Loy Sl 5l gSee LSS
slaslsle 51 olspp el Ol sl SIS
Fa oS gedsh Jds e ssie eald gl
(2S5 oSS Glag S Son 3 55
Lo Sus S SSE Ol 5 Ol Ges
Sl o5 Sl S S Sl ik S
5 &SP o e sk o) b S
sl 3 eld e gbaols S HU sl
b I g e L el G S
5 055,55 (S bl edd i dsad &S sl OLAS
Uses nrohe Mk oAl Oimes 5 O3]
S s 4 by U1 5 e 5 O3St 4 b e
Uil s Nl 058l sl Al e
Gyed 53 JeuSsodn 5 JeS S Jule slaes S

ol s &S cdl cal Sl S G el s

Element

Weight%

Atomic

26.09
113
45.84
16.73

35.34
13.13

46.66
4.99

S35 ote @35 5 EDAX HIUT5 pal Ol S 5L ek 5w a5 50 53 397 g0 polie EDAX a2 4y bp o guli -1 Ko

.(Fe-CD) U.AT Ol S A gas ck.w
Figure 6. The results related to the EDAX map of the elements in the synthesized iron carbon dot nano sample
and EDAX analysis and the distribution of elements on the surface of the iron carbon dot sample (Fe-CD).
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Table 4. Data related to dynamic light scattering (DLS) analysis and zeta potential of Fe-CD nano carbon samples.
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Figure 7. Nano carbon dot iron coated sample with polylactic acid (PLA) under the microscope with x40
magnification.
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Figure 8. Image from FESEM analysis of uncoated iron carbon dot sample and coated sample (Fe-CD-Coated)
at 500 nm scale.
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Figure 9. The results of the EDAX map of the elements in the coated sample and EDAX analysis and
distribution of elements on the surface of the coated sample.
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Figure 10. FESEM image of the iron nano carbon dot coated sample, b) Histogram diagram of particle size
distribution of the coated sample.
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Table 5. Data related to Dynamic Light Scattering (DLS) analysis and zeta potential of coated iron
nano carbon dot sample (Fe-CD-Coated).
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Figure 11. Chart related to FTIR analysis of iron carbon dot coated samples with PLA and control sample
(polylactic acid nanoparticles without iron).
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Table 6. Variance analysis of treatment effect based on DTPA extraction.
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Table 7. Mean comparison of the effect of iron nano carbon dot treatments on iron (mg kg ™) extractable

with DTPA.
oAl ke Sb ol S S s
Iron concentration (mg kg™) Soil application Abbreviation of treatments
1.03' Blank SoTa
1.93¢ Fe-CD (5 mg kg™ SsCT: 3
138" Fe-CD-Coated (5 mg kg'%) SCsCT: E
1.50" Fe;S0,.7H20 (5 mg kg™?) SsFTy £
5.19° Fe-EDDHA (5 mg kg™) SsST,
1.38" Blank SoT2
2.21% Fe-CD (5 mg kg™) SsCT, r
2.24™ Fe-CD-Coated (5 mg kg) SCsCT, “%
2.40' Fe,S04.7H;0 (5 mg kg™) SeFT» e
7.45° Fe-EDDHA (5 mg kg™) SsST,
147" Blank SoTs
5.65¢ Fe-CD (5 mg kg™ SsCTs L
6.63° Fe-CD-Coated (5 mg kg™) SCsCTs %
5.30° Fe;S0,.7H20 (5 mg kg™?) SsFT, @’
8.28° Fe-EDDHA (5 mg kg™) SsST,

(Uids 05k ol Ols o ) Fe-CD ((cal cp s sS) FEEDDH (a] cin ol lilse) FESO4THZ0 (sl 355 236) Blank
Soil application Seq: SSSoil application Fe Sulfate: SF (4l SKaSY L L sdd a5 iy ls oy S 56) Fe-CD-Coated
T: Time .Soil application Carbon Dot Coated: SCC .Soil application Carbon Dot: SC

P70 SSls glaslsdior o 5030) Sl s gme Soslis Slo Oyt o 53 wlie b Y Cog >~
Values labeled with different letters are significantly different (P<0.05) according to the Duncan's multiple range test
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