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Abstract

Introduction: Nanotechnology involves nanomaterials that are less than 100 nm as an
interdisciplinary and pioneering technology has solved many problems in the fields of agriculture.
The use of iron nano-fertilizers in order to control the release of nutrients can achieve sustainable
agriculture by reducing the consumption of chemical fertilizers. Nano CDs (carbon dots) are a new
system or carbon material between molecule and condensed solid, which gathers the characteristics
of nano effect, surface functional groups and carbon elements. Therefore, it shows three basic
functions of optics, chemistry and biology, and has multiple functions and applications. In addition,
the abundant hydrophilic functional groups on the surface of CDs, small size and other structural
characteristics made it show great advantages in promoting crop growth and enhancing
photosynthesis and stress resistance. The aim of this study was to investigate the effect of iron nano
carbon dot fertilizer application on vegetative growth parameters of sorghum plant in a calcareous
soil.

Materials and Methods: Iron nano carbon dots were synthesized with lemon juice (carbon source),
ethylenediamine, and iron sulfate (iron source) by hydrothermal method. Coating of nanoparticles
with polylactic acid was done by co-precipitation method. Characterization of iron nano carbon dots
to confirm the successful loading of iron on the surface of carbon dots and also successful coating
was done by UV-VIS, EDAX, FTIR, TEM, and SEM device analyses. Some chemical properties of
nanocarbon dots such as pH and electrical conductivity were measured. Sorghum cultivation was
done in the greenhouse of the Isfahan Agricultural and Natural Resources Research Center with a
factorial design in 3 replications. The first factor was foliar spraying in three levels (distilled water,
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iron sulfate, and no coating iron carbon dot with a concentration of 3 per thousand. The second factor
was soil application of iron-carbon dot (with and no coating) in 5 levels including iron carbon dot, no
coating, and coated in two levels (5 and 10 mg Fe kg-1 soil). Foliar spraying of sorghum at the eight-
leaf stage was carried out by iron carbon dot and iron sulfate with a concentration of 3 parts per
thousand. After 4 months the plant growth, growth parameters such as the number of leaves, stem
height, stem diameter, and fresh and dry weight of stem and leaves were measured. Also, the
concentration of iron in plants and soil was measured.

Results and Discussion: No-coating iron nano carbon dots had 4.98% total iron and polylactic acid-
coated carbon dots had 1% iron. According to the successful results on carbon dots, they were
confirmed with UV-VIS and FTIR devices. Based on the results of leaf number (6/60), stem height
(35.52cm), stem fresh weight (24.73 g plant-1), leaf fresh weight (24.39 g plant-1), leaf dry weight
(5.37 g plant-1) and the dry weight of the stem (4.73 g plant-1) was related to the interaction effect of
no coating iron carbon dot soil treatment with a level of mg Fe kg-1 soil 1 with carbon dot foliar
spraying (concentration 3 per thousand). The highest amount of iron in the stem (211 mg kg-1) and
leaf (186 mg kg-1) is related to the carbon dot iron soil treatment with a level of 10 mg Fe kg-1 soil
and the highest amount in the soil (5.92 mg kg-1). It was related to the interaction effect of iron-
carbon dot soil treatment coated with a polylactic acid polymer (level of 10 mg Fe kg-1 soil) with
carbon dot foliar spraying (concentration 3 parts per thousand).

Conclusion: The treatment of no coating iron carbon dot and then the treatment of iron carbon dot
coated with polylactic acid, with the level of 10 mg Fe kg-1 soil which simultaneously applied soil
and foliar application with carbon dot with concentration 3 parts per thousand the best performance.
Therefore, these two types of synthesized nano fertilizers are suitable for sorghum cultivation and
can be used as a type of iron fertilizer for agricultural purposes.

Keywords: Iron nano carbon dot, nano carbon dot coating, sorghum, foliar spraying
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Figure (1) Diagram related to UV-Visible analysis of uncoated iron nano carbon dot sample (Fe-CD).
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Figure(2) 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.
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Figure(3) Image from SEM analysis of uncoated iron carbon dot sample and coated sample (Fe-CD-
Coated) at 500 nm scale and the particle size distribution diagram using ImageJ software.
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Table(3) The results of EDAX analysis and constituent elements of uncoated and coated iron carbon dot

sample
o e 935 e $ 5o
Atomic Weight% Element Sample
35.34 26.9 C b s s S
13.13 11.3 N
46.66 45.84 0 (Fe CD)
4,99 16.73 Fe
43.18 36.79 C ol _ad Eh e Al Sls - HH
12,62 12.54 N PR PR 25
44.03 4997 0 (Fe-CD-Coated)
1.1 4.99 Fe
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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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Table(4) Variance analysis of the effect of treatments on vegetative growth parameters of sorghum plant.

P GRS Sl 5059 £ ees 03 &£ 505 dlpls,l bl ks K slaws w3 Sl e

stem dry Fresh weight Leaf dry Fresh weight stem stem number w37 SHOAY)
weight of stem weight of leaf height  diameter of leaf df

2.08” 45407  1.80" 46.9” 14457 1477 1307 2 R

Spraying

2877 59.52" 327 53.23" 57117 051 2217 5 S,

Soil application

0.21™ 3.43" 0.31" 4.48 5.12" 0.04™ 0.79 10 S5l % AL e

Soil = Spraying

application

36 o

Eror

Ll o o y3) 50 Jlezsl prlaws 55 (6l fme 0diasOlE o 5 I

*and ** indicate significant at 5 and 1 probability levels respectively.

P95 g LS (295 wd) BT 329 » bsled FT S (Sl dlic (0) Jgur
Table (5) Comparison of the average effect of treatments on vegetative growth parameters of sorghum

plant
6l 5 0js Ep oz sl &£ sl Sl cwdle b sk
(g plant-1) (g plant-1) (cm) Soil application Sslais Spraying
® ko
13.3k 11.87g 20.96h 4.26e Fe-CD (0 mg kg'l) SoWF Jhie T
20.04cdef 17.55¢d 26.32de 5.80abc Fe-CD (5 mg kg™ SsWF Distilled water
19.40def 18.80bc 27.46bcd 5.93ab Fe-CD (10 mg kg™) S1oWF
13.82jk 11.92¢g 21.06gh 4.06e Fe-CD-Coated (0 mg kg™) SCoWF
18.79fgh 16.11def 24.32efg 5.33bcd Fe-CD-Coated (5 mg kg™) SCsWF
19.19efg 17.54cd 26.46cde 5.73abc Fe-CD-Coated (10 mgkg?) ~ SCyoWF
17.12fghi 15.16f 26.20de 4.73de Fe-CD (0 mg kg'i) SoCF sk oaT Sls oS
22.04bc 19.55b 29.06bc 5.93ab Fe-CD (5 mg kg% SsCF o
24.73a 24.39 35.52a 6.60a Fe-CD (10 mg kg™ S1CF R
16.76ghij 15.10f 26.16de 4.86cde Fe-CD-Coated (0 mgkg?)  SC,CF Nano carbon dot
21.16bcd 18.54bc 27.90bcd 5.73abc Fe-CD-Coated (5 mgkg?) ~ SCsCF  without coating with
22.14b 20.23b 29.23b 6.06ab Fe-CD-Coated (10 mg kg?)  SC,,CF concentration of 3
per thousand
16.07hij 14.75f 22.20gh 5.93ab Fe-CD (0 mg kg% SoSF L aT s T Sl g
18.27fgh 16.04def 23.30efg 5.80abc Fe-CD (5 mg kg™ SSF o
21.07bcd 18.48bc  26.46cde  5.86abc  Fe-CD (10 mg kg) S1oSF A oo bl
15.93ij 14.52f 22.16gh 5.66bcd Fe-CD-Coated (0 mgkg?)  SC,SF iron sulfate with
18.15gh 15.66def 22.86fgh 5.40bcd Fe-CD-Coated (5 mg kg™) SCsSF concentration of 3
20.69bcde 17.17cde 25.60efg 5.26bcd Fe-CD-Coated (10 mgkg?)  SCySF per thousand

(! Y b gouds b0l DO bigy DI -y 5 il) Fe-CD-Coated « (_idigr 09y oy T D18 5 87) Fe-CD

AP<+/:0 LSD 0403T) il go ls sime Soslis Kby 052w a5 aliea i Y g

Values labeled with different letters are significantly different (p < 0.05) according to the Duncan's multiple range test.

alie Jpdor 4 a5 b sy s gme S5 g oS 5

gj Sy d.fu”f Sl()CF )Lo.:.; O djvb-) mosls ;Lf

Ssli 5/+%) SCiCF Lls L & il 1, ¢ /54)

6E  3lam il Coge Jles 93 ol B (6l me

A Ao )s FA 5 PY Ol 4 S5 4 dald 4 o

& g olawy

Al dadr) by 428 Jodr 5 bl
L) Q‘DJ;‘;‘}- Jj)‘ftv\é)}bcbw)b &5';“‘-'“]}1’”
Jsloee Jlize 515 oo\ mlaws 53 (g Ot 5 2y

:\M}zM):bcb.u):;)bd;é\;:ﬁ)lfjg&li



Yor

e AT Dl 51,8 56558 5,508 J1 s 0L K 5 55 S

M5 IR e 06T 5 a8 &8 sl 5 6 ¢lis)
Do 4 OT 2l 53l 5 (6 jm s lge Comly JWl 5 Loy IS
. Y & . L T . .
S omen 5 LE aT 48T )5 b S Ls S 518
il oy B Ly sla S5 s 3l (6 ba
Blo £,

Hhdus S d(Fd ) Guills 428 s el
&G}'ﬁj‘ﬁj“)}\ CEMJAQ‘JUJ;L;B-JJ)JK}
jwﬁack‘*'ﬁQ"J;dﬂ’Jj)gﬁ@L.J)l’“
dsr & a5 b bingy Sl mn 555 oS Gl ¢l
Blo gl it O Jsde) besls S0le awlis
SC10CF,L‘,§ oT B ) S10CF e o (fo/6YCM)
C‘.ﬂs‘)‘ u':‘i‘f‘ ) )Lo.:; 93 Uf-‘ Ad edalin (Y‘\/chm)
4o 4 (T/AP0M) dals & ol 085 g oS L
SULods Bbd gous glajlas Lds Ao y5 ¥R 554 Ol e
boodd Bhdgow lajles 4 i pT Ol S
2 Gphy A Sl e Oy 5 ool Sl
Ok AT Sls S 56 ges Ly oS plisyl ol
 dzes s Ady )53 )35‘5&: e ole
oS il Ll Comsn 5 Gk ol S s s I
2 AT e S ahe D4 ar gl imes 0
I 5315 e B 1 g 3l ol A (sla0y ga 8
by i AT 55 5> Shae 3 50 3L 2l ol 5l
Gl p 5 ool e g ealp s Eley
sladlp ks Jlb b Vit sl (S5
Sud 0T g 53 5l I3l Lo IS 1S S5 58
ORI e Salg 00 el cpl g 25 o Al 8 R g
Aals e 4 Comd AT D53 56 L ekl DS ¢ lis
S Sl 55 5,18 (00 7 S5 0 558

2- Wang et al.
3- Bozorgi et al.

Slasles (S sl da3 g0 0L ke aglie slaosls
Sls p S L (O 5omg kg Taka) Sl o S S
Lo abdskes slajled & S 1) (g 2k S0 0T
Slrosls .uls r;)}.w ol é?ﬁ slas s ol Sl g
ol ot il3 o ST L 3 slows 457 1 0L a1, e s lie
2 oS e 05\ phe) O S (S e b
o (Al slasled & S (520 SE (o LS
Sl 08 s oS 5 slaw  oaT Sl |
OT 6o 55 ol b ae lassS 03p $b s
5ok adyy ol ) & (SO jae 5o 8 Cule
ok Jie 65y s 5 Bl 4 5 Lpd o o 5T 30
B3 G S o b 1 AT 58 i 51olE S
A glin sl S5y il S aan S5l sy L
L5 e oyl (1) (uisT Zdb 5 Lossm 43, el
U5 ey ot o ety i oY i b
il (5 gl o) EST3E L (VU o) e
O3 5 Sl 7 sU0 31 28 o3I Ly sl dolie (Il
s 5 kS yae JSES S S e oSl gl L
opl 05 edd e T Sy o ST gb D3 (Ye) Wl
Y| & Wi gy e gl 0 51 55 55 loslbl shls oass,
Fop Bl ) wlge S (Ks D3
038 Nghgn b dama LB 5 OT Usls (sl o ladi,
Lad oS syls aT Slyd Gl S WKs (VA) WS
23 JBs NS IR e s sy RIBH ) by
S5 e S JS I sk e S slad she
R R N R P AR R R FUSY
ol Wiy Culg 3 5 S, alun e gd Sus nlBl L
655 ) E 00 0K 5 e (Y0) Wb s Ll
oIl Comse AT 5L Glas ST il 5,5 &S
28 sy aile &5 P 5 5 A8y sl et le el
b (1) 0Kea 5 e LT s (Vitis vinfera L) 5 S
L35 I nsls K g0 OS5, 4 S (Slanllas

GBIl AT 5 0 e S D53 U AL e oS

1- Abou-Shlell et al.



Yov

\FeY Ol:.mﬁ) cfa)uf9 .U;- (‘_gjjjl.,if‘j@.l& 4.1») u.obj t.s"’“"""ﬁ"

oS S 15 i |y oS i oIS 55 e
OJSE) rbd sl 1 sla o Sils amlin b & a5
boods Shdges slajled 4 by Bl by 2
Sloles 5 3 L oo ¥ Cbl L el Sl S
Ol T Dl 5 e OT L oedld L o
SlaSole amlie muls L3l 0L SKiden b (6l sns
Sl o8 sy Olis (FUSE) Sls oy ST (ST 58
S & (FVFMIM)s 55 6l a5 - 2t (slols SCioWF
o) LBl (gl gme oslis (Y/0YMM) SioWF s 4
Aoy WY A C 3 4 (F700MM) dalis 4 Cad lad 5o
oS Sb Al Bl i I e
Loy b e ol sl Gl slT Coge T s
g5 ol g 03 e K3 5 Sl 2si oS
RPN sy 46 3 (AT (el b odd o (slas S
S S S o)l 5 oS ol Dap b4 s Lol
B s e JRe 4ty s a4 oy 4 Al
P C\.Ul 4 Oof o 9 Ble a 5T (G s 055
S BB e ey 5 4 g e Jie oS
Ly il e 5> AT 5 s Rl e S5 IS
Sshe Bl B imen 5 25 ety slax g ol
PRI e J35 A5 Bl IR AT st e
bl slum 5ol Wiy il bl s 45 g s s
PO an s dgule oli (T0) 345 0 le b imeen
b oS iy b oS Sly3 gb s S 5515 (6Y)
g Fesh Db (I M 6 1) s 05 e 10
B s ol Pl S 5 5 Ojs s le B bl
S w5 S i) E 00) 0, Ken 505l Oldey A s g
7853 Golasme I o e S AT ST S 5

.&ﬂ&)iﬁﬁ&})dhf}:jﬂb)éb

6- Shafiee-Masouleh et al.
7- Razmandeh et al.

sk 4 (Solanum melongena L) Olsisl 5 T oS

4 AT SN GU o me b asls a\.,w)a\.»ftwjl
by ol Uil g 208 T ity (B e &) 50
S agy 55 WA ToLKes 5 Al g el b 4
AT S6 D3 dhosr 51 s oS Gl ol I 555
crse Sy ads 8 oS BIF il gy oS,
J8505 s 5 olom pll (i 03 plis)l il B
b e AT )8 e 1 ke 0 Siags A
OT Jis 4 5 ObLS €y gLl (Uals) 0T 5,08 ke
3o 1S 53 e (gl kizils oyla1 ol IS5 Shes 35
5 s dang aT 5L S s Shes 5 olS gl
A TolKan 5 (sl ol 0di 5,1 OV) O, Ken
AIF e se AT 38 b (Ao ST 218
5ty s Wy pli) e s Shes (55, Lo
(Y0) TS 5 Lisls i3 § 055 s 53 &5 o
Lils s oaE , aT O 56 Shd ke Ol
wdlas oliile S 3 L VF PH L oS o5 53 olas) e
AT O3 b (Sldsles  0l Ol b 5 LS
t’w)\jw)zbcb»);l)éjb@u}@}:J;.léuh_lj'é\
S6 s S 5 E 6 01K 5 ol . ls olE
A elE gyl oy o3 oS sy oaT 5SS
Sy i) PS5 oy i &S (Gysb 4 Sy (gls s
dali 5 (e YY) T OS50 jled 4 by o i 5
e s 5 &8 oS 035 phe g (e YD)
T s 4 T NS 5L
Bl b

S dgdr) (bl 428 dgder il bl
;I}M)s\cbd)sdbjhéjd&ligj}lmdl.p|
Ssisine 4o y30 o 53 il a5 Sl S Sl

Lo slogme )l cpl 5 OT blaze Sl 31 Sy s

1- Zayed et al.

2- Pourgholam et al.
3- Omidi et al.

4- Harsinia et al.

5- Saedpanah et al.



YOA

...&ATQB&F}U;;Aj)lf;l‘sw)jgtob&usjjﬁg)ﬁj

4.5 -
4 -
g 35
17 3
QJ
J T 2571
1E T,
g5
Eg 15;
&
7 11
0.5 1
0
CF(3g
Spraying
i gloe

ST b ab Jelkomo) WF: Water Foliar application «psf sjgw ol 4l a8 » b Jakomo 1 (S il duy lio (0) i
b b Jolxo) SF: Fe Sulfate application (<fs o» " b ik Jokxo) CF: Carbon dot Foliar application « aae
(T Ol g
Figure(5) Comparing the averages of foliar application on sorghum stem diameter, WF: Water Foliar

application (spraying with distilled water solution), CF: Carbon dot Foliar application (spraying with
carbon dot solution), SF: Fe Sulfate application (spraying with iron sulfate solution).
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Figure(6) Comparison of averages of the effect of carbon dot soil application on sorghum plant stem
diameter, SWF: uncoated carbon dot soil application, SCWF: coated carbon dot soil application.
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Table(6) Analysis of variance of the effect of treatments in plant and soil

S oslaal 6 &»T sl S &AT éf,g Js C;AT 63157 a3 Ol iy cl:.a
Usable soil iron Total stem iron Total leaf iron df S.0.VvV
2.05" 43974 8386.06 2 b e
. » » Spraying
3.04 25864 7309.88 5 Sk
. » " Soil application
0.6 11324 316.85 10 S 5,5 % AL o
Soil application x Spraying
36 (I
Eror
il o o y3 ) Jlezsl el 55 (55 ne odasolis™
** indicate significant at 1 probability levels respectively.
B g ol 50 AT Sl p Bled T Sl dwlio (V) Jou
Table (7) Mean comparison of the average effect of treatments on iron concentration in plant and soil
ES oslizal 6 T wlo ol & onT S8 Cadle sl
(mg kg™soil) mg kg*dm) (g kg™ dm) soil application bz Spraying
bsles
3.18i 40i 869 Fe-CD (0 mg kg™) SoWF i T
3.54hi 122e 118f Fe-CD(5 mg kg™) SsWF Distilled water
4.14def 134d 160c Fe-CD(10 mg kg™) S1WF
3.26ghi 46i 869 Fe-CD-Coated(0 mg kg™) SCoWF
3.84fgh 106f 115f Fe-CD-Coated(5 mg kg™) SCsWF
4.64bcd 122f 128def Fe-CD-Coated(10 mg kg?) ~ SC1oWF
4.42dc 156¢ 134de Fe-CD(0 mg kg™) SoCF i Oad Sls S b
4.44cd 166b 176ab Fe-CD(5 mg kg™) SsCF Jga st e L
4.88bc 212a 186a Fe-CD(10 mg kg™) SCF  Nano  -carbon  dot
4.38cde 154c 130def Fe-CD-Coated(0 mg kg™) SCoCF  ithout coating with
5.92a 208ab 170bc Fe-CD-Coated(10 mg kg'l) SC1CF  per thousand
3.52fghi 84h 90g Fe-CD(0 mg kg™®) SoSF b aT Cia T il e
3.59ghi 82h 129def Fe-CD(5 mg kg™®) SsSF ™
3.80fgh 112f 166bc Fe-CD(10 mg kg™) S1SF _ ot o
3.56ghi 78h 87g Fe-CD-Coated(0 mg kg!) ~ SCeSF  >n 2 2
3.26hi 80h 119ef Fe-CD-Coated(5 mgkg")  SCsSF o ihoicand
5.18b 94g 164bc Fe-CD-Coated(10 mg kg?) ~ SCy,SF

Sl a5y b poals b ol B0 giigy D18 o 7 4ili) Fe-CD-Coated o iiigy Oy T 1o o ) Fe-CD

(P<+/+0 LSD 0503T) il go ls sime o3l Soly 052w, 55 aslien i oY o5 >~

Values labeled with different letters are significantly different (p < 0.05) according to the Duncan's multiple range test.
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