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Table 1. Some of the physical and chemical characteristics of the studied soil.

Cu Zn Mn Fe K P N

(%)

(mgkg")

oM CEC EC - Sk il
(%) (Cmolc'kg") (dS.m™) P

Soil Texture

0.55 0.5 1.31 232 30 127 0.12

0.48 9 1.82

7.77 o oS
Sandy Loam

1055, 5 Ju s Ol s i L S p IS
Sl pss ands 5 S Sl LS LSS e o o
oSk 100 e & T same 025 5l ey wtin
ol pmen 5 (ol mie 5l S e Sl
)\ Sk Cﬁﬂ;ﬁrﬁwoé}) (e CJL‘LS)...«
Sk SAS e Sk 0558 5 ) Sl
Sl el LOlS S 4 (K oW s )
5 ks glachle (ol glasss St G as
G oyeS bse St L iS5l 31, 08
)&@b\m.,gsﬁdm&)f}gmtguuﬂf
Y Uy J_}J}- da.& DL Q\Js.g JA L rﬁ)‘}.\w
G Odey B OIS 5 ws S S (s e sl

Add bl (Ve) asjpe cwb b cugb, sl

Goldie (pal OIS ladi s (ilueslel g
oy s g Jhome 551> 5 T s EDTA
s Al Sl lie s 3 b s d |-
53 opl a8 e Wl sbe el sl o S
AT BUIPTRPRNE I A CURP N P PR E
WQ@VT@W)MNJVA@LN
Gilweslel (gl (OV) s skl 2 ke Veeo
G G a5l el Ko b oS (g ey slad se
R e L AR
Sty lai s a3 Sl S LS
Osoil 4 s bdasdy S S S s as,
ol Jlaml 5SSl Gl s S
eSS e Sk VO elt) ey ule

2 S VO s ey Sl aie 5l S



Oy Sod 9 (AUUS 2y

Cou g i

B IR RGP P PP JRCH PP
5 G ol IS a8 g Dl 5 el
e oy FTAIR LT o6 ok o8l Ol e
2l S 38 bl bl cpl 55 edd w38
ol oS ol Sl g glasS gl JLT ol
A Gy ol SN 5 (e ool i
LT ol el el Ol s -l Y K s
hle gl S 0s S jakis skus FT-IR
ool s s S e LS S s pled
L sSse sladisg Lo 30050k 5 Sl O
FT-IR Cib s oid ol oSy 1 S0 s .ol
Syha e JSd50 a0l L] Ak
S 1 OF L3 s e Jele (slaes S 5 il e
cm’ R e R L U-{V.YE- CURI LY YY)
Sl (5355 lawisas aen 53 Ve 5 Toun
lad S bl 0305 b5 mhaw 53 O 32
e ils kg Ghls eddy sladsS05e ol
G o 5 ) S8 s S adl e S
Loy oS 3l 4y bgy o YA cm’ 03 g d>wa
5 e Slal il e (C-H) 055,48 = S
VYA 1600 CM o3 pdme 43 g cpl Aolo e
AL 2V USS e 0 b S o) sen
Lo Vel e cm asb S, Ll s
Sz 5 6 A (C0-C) (n S=05S1 =00 S Ly &
ASI(C-0) 050uS1 =2 S & by e \Yor cm”
33 S ol w2l b ler Sl alale At s
o s AN JSE) el oS 5 al Sl 358
35 53 5 Aiea odd S5 glacsy WL (e
JSE) e ol oS 5 el ol Sl
S s e Ol | LS, ) (G o C\

Wl 358 53l 53 ey 25 Sl

2- Fourier-transform infrared spectroscopy
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Figure 1. FT-IR spectra related to fertilizers a) Iron sulfate, b) Iron chelate, ¢) Polymer iron sulfate, and d)

Polymer iron chelate.
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Table 2. Analysis of variance interaction between use application, iron sources and level of spraying on
Physiological and qualitative characteristics in the shoot and root.

Sl e e
Mean Square AR s b
Js s ks Leaf PMSI Root PMSI Degrees of freedom Sources of variations
Total Chl.
39.9320% 440.9955* 465.5317* 1 U*
4.1934* 807.2657* 918.6687* 5 F
3.8088* 38.5003* 319.0338* 1 (o
7.2962%* 1.4365™ 769.2349%* 1 U*C
5.1520%* 371.4026%* 1293.1980* 5 U*F
1.9256* 124.1447* 830.9061%* 5 C*F
3.2953* 158.5839* 571.0080%* 5 U*C*F
U
0.0256 1.7921 14.4332 48
Error
doo 5] S IETIN:
33428 7.2928 14.0224 - (o02) Sl e

Coefficient of variation (%)

.)bd'a.a_ﬁ.é"s}w\.p);\}o Ju:}lcb.w):)lz&mg‘,.;f‘q

K ‘&J Cb.wc ‘&J Cl;.ab Wb 20 a}>u'a

“Use Application, "Iron Sources, “Iron Level, * and ** denoted significance at the 5 and 1 percent level; ns is not significant.
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Table 3. Comparison of the mean effects of interactions between use application, iron resources and level of

spraying on PMSI in shoots and roots and total chlorophyll.

I Jes ks Leaf Root ol e ool o B35S 0 g
total chl. PMSI PMSI Iron Application
(mg.g" fresh weight) (%) (%) Iron sources levels methods
3.78" 576" 14.32% (Control) aals 0
3.25' 16219  86.81° (Iron chelate) ol =S
3.441 19.57"  11.148 (Iron sulfate) -pal ol 5o TED
5.16% 28.58%  9.87¢ (Nano iron, 9% Fe) s ;a1 st E )
279 17.45%  37.37¢ (Polymeric iron chelate) (¢ yoiy oyl S § :‘3
2.56% 2.47° 50.53" (Polymeric iron sulfate) s oy ol Sl sur = .§
5.55% 1595 29.68¢ (Iron chelate) ;,al S _ %
5.65° 20.17%  13.52% (Iron sulfate) -l S 5o “_an %‘
497 28.13%  29.42° (Nano iron, 9% Fe) s sl st £ 24
251k 13.54  38.87° (Polymeric iron chelate) (¢ yoiy oyl S §
5.13% 16.23 20.14% (Polymeric iron sulfate) (s .l ;,AT S g =
3.94" 587" 15.19% (Control) aals 0
6.87" 8.59'  14.27% (Iron chelate) :,al =58
5.57¢ 884 37.74° (Iron sulfate) -al U 5 ~:
4.97¢ 43.06"  18.84" (Nano iron, 9% Fe) s opalsit & %
7.09° 22.09%  2573% (Polymeric iron chelate) (s .y ;,AT oS 5 J?,)
5.20¢f 32.98° 28534 (Polymeric iron sulfate) s oy ol Sl sur g
4.90¢ 27.05°  16.26"® (Iron chelate) :,al =58 Eﬁ
6.27% 1030" 2057 (Iron sulfate) -pal ol o o~ ?
6.53" 24.03" 3847 (Nano iron, 9% Fe) s opalsit g E
6.08° 29.54%  37.20° (Polymeric iron chelate) (¢ yoiy oyl S i e
5.10% 31.48™  27.35¢ (Polymeric iron sulfate) s oy ol Sl sur

(P /0Y) G Sl pme Ot a3 wlie Lo > L 614”(;—{3[«:‘
Means with the same letters in each column are not significantly different (P<0.01).

\4
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Table 4. Analysis of variance interaction between use application, iron sources and level of spraying on the
concentration and absorption of micronutrients in the shoots.

Dlagye S0
Mean Square : 3l am s i cl;.a
ETPRCNE FRe chle ol ke o Bl Degrees of C
freedom Sources of variations
PIPRRHS PIPRRHS PIPRRHS PIPRRHS
Shoot Zn con. Shoot Mn con. Shoot Fe con. Shoot Cu con.
252.8625% 0.2312™ 5892.6368* 0.0006™ 1 uU*
82.1881* 2.8088* 1478.4236* 1.1390™ 5 F°
241.4503* 1.6320* 837.6324* 0.2016™ 1 Cc*
89.9364* 0.8712* 1109.3620* 0.2800™ 1 u*C
91.4094* 6.3949* 438.2504* 0.5072™ 5 U*F
131.9504* 1.7184* 1106.8197* 0.2866™ 5 C*F
93.5101* 0.1678* 371.7833* 0.0529™ 5 U*C*F
Lo
0.2507 0.0157 0.3578 0.2468 48
Error
B Ol puss 5
4.6251 27136 1.5403 243598 - (202) Sl i 2
Coefficient of variation (%)
Dlagye S0k
Mean Square 1
[EEIB AL a3 ol
. 2. . - . . Sl M
S o FRe o ol ol o Degrees of L
freedom Sources of variations
PIPRRHS PIPRRHS PIPRRHS PIPRRHS
Shoot Zn uptake Shoot Mn uptake Shoot Fe uptake Shoot Cu uptake
6623.6213* 157.9753* 116073.6501* 10.4196™ 1 uU*
2539.1158* 390.4288* 18501.1928* 126.2049* 5 F°
544.9400* 63.0377* 273.1564™ 24.1165™ 1 C¢
2786.8089* 4.6157™ 377.6668™ 7.9800™ 1 u*C
2318.6732* 51.5146* 19050.8630* 34.7802* 5 U*F
2675.5444%* 38.8047* 8815.8514* 28.3524* 5 C*F
1964.6269* 28.7565* 12614.0732* 4.4743™ 5 U*C*F
Lo
14.9872 1.1561 84.9592 2.7119 48
Error
BV Ol puns 5
13.4436 9.8952 9.4607 22.9848 - (202) Sl i 2

Coefficient of variation (%)

.)bd'a.a_ﬁ.é"s}w\.p);\}o Ju:}lcb.w):)lz&mg‘,.;f‘q

K ‘&J Cb.wc ‘&J Cl;.ab Wb 20 a}>u'a

“Use Application, "Iron Sources, “Iron Level, * and ** denoted significance at the 5 and 1 percent level; ns is not significant.
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Figure 2. Comparison of the mean effects of interactions between iron resources and use application on

absorption of Cu in shoots (a) and roots (b).
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Table 5. Comparison of the mean effects of interactions between use application, iron resources and level of

spraying on concentration of Fe, Mn and Zn in shoots.

Zn Mn Fe ol b oAl 3355 0y
mgkg” Iron sources Iron levels Application methods
9.27°% 421 2727 (Control) sl 0
9.09® 426  39.00° (Iron chelate) ;yal IS
8.91°% 3.79' 20.79" (Iron sulfate) ol S 5 ;:n
877 573" 3142 (Nano iron, 9% Fe) s ;a1 5t E 4
10.88¢ 547¢ 37.63" (Polymeric iron chelate) (¢ yosly oyl S § Yy
11.05¢ 621" 2021" (Polymeric iron sulfate) (s yordy ol S sor ) g
9.71¢ 3.42 17.36° (Iron chelate) ol =S _ %
6.95* 326 18.68° (Iron sulfate) -pal ol 5o 7_94{3 %
7.43% 3.79' 24.63™ (Nano iron, 9% Fe) s o150 E =
778l 573 25.58™ (Polymeric iron chelate) (¢ yosly oyl S §
8 62N 6.16° 66.63¢ (Polymeric iron sulfate) s oy ol Sl sur o
8.74% 4,63 28.224 (Control) uals 0
6.75" 4.42%  28.89" (Iron chelate) :,al =58
1341° 4527 31.58 (Iron sulfate) sl S 5. )
1099 5214 3300 (Nano iron, 9% Fe) s a4 5 %
15.30" 4.16" 77.52° (Polymeric iron chelate) (5 o5 &Ai oSS 5 J%
8 68" 4.58° 84.42° (Polymeric iron sulfate) s oy ol Sl sur g
1256 505' 3936 (Iron chelate) ;a1 =3 EE
9.67°® 4.79° 58.94° (Iron sulfate) -pal ol e ~ g
9.84° 6.21% 60.94¢ (Nano iron, 9% Fe) 5 -al st g §
8 34Mi 321 44.58" (Polymeric iron chelate) (¢ yosly oyl S pk -
9.05°fe 3.791 5831° (Polymeric iron sulfate) s oy ol Sl sur

(P /oY) s s pre gt guxqub,du@il.f

Means with the same letters in each column are not significantly different (P<0.01).
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Table 6. Comparison of the mean effects of interactions between use application, iron resources and level of
spraying in absorption of Fe, Mn and Zn of micronutrients in shoots.

Zn Mn Fe &A] ol &A] Ch‘” 3355 0o
g.pot” Iron sources Iron levels Application methods

5.89" 3.18 21.57™ (Control) Al 0

33.59° 15.70¢ 143.67° (Iron chelate) :,al =58
19.36%" 8.23! 45.18" (Iron sulfate) ol Uil 5 ;Tn

27.95% 18.26" 100.05¢ (Nano iron, 9% Fe) s oalsit E

212! 107" 17.37™ (Polymeric iron chelate) (¢ yosy oyl S § ’E‘
4754 2.66 28.59! (Polymeric iron sulfate) s oy ol Sl sur - E
54.80° 19.28° 97.96 (Iron chelate) :,al =58 ™ §
25.90'® 12.19% 69.76" (Iron sulfate) ol il 5 ;Tn E’i
3247 16.56% 107.63% (Nano iron, 9% Fe) j oal 5U E

5.144 3,79} 26.91™ (Polymeric iron chelate) (¢ yoiy oyl S §

11.84% 8.45! 27.74! (Polymeric iron sulfate) (s .l &Ai S g -

6.75 2.90"* 21.96™ (Control) aals 0

14.831 11.05% 63.24 (Iron chelate) :,al =58

88.24° 18.06™ 119.06 (Iron sulfate) ol il 5 o

27.86° 15.74¢ 83.65" (Nano iron, 9% Fe) s a1 5b k!

122.26° 11.12¢" 268.43% (Polymeric iron chelate) (s .y &Ai oS 5 g
25417 11.10% 24732° (Polymeric iron sulfate) s oy ol Sl sur ‘i %
68.41° 24.06" 214.24° (Iron chelate) ;,al S ;%; g
28.84° 13.49¢f 175.70° (Iron sulfate) ol Uil 5 ~ E
27.99° 14.81% 173.19¢ (Nano iron, 9% Fe) s a1 45U g

18.75M 9.34M 100.188 (Polymeric iron chelate) (¢ yoiy oyl S pl

25.731% 13.00°¢ 165.61¢ (Polymeric iron sulfate) s oy ol Sl sur

(P<e/o)) G Sls pme O 2 53 guxqub,du@il.f

Means with the same letters in each column are not significantly different (P<0.01).
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Table 7. Analysis of variance interaction between use application, iron sources and level of spraying on the
concentration and absorption of micronutrients in the roots.

Sl e (1 Sle
Mean Square @il e S i
) " ) P ) T ) . Degrees of -
Wiy gy chle ah; s e bl Ak el chle Wl e okl freedom Sources of variations
Root Zn con. Root Mn con. Root Fe con. Root Cu con.
275.9683* 7.8540™ 40981.9364* 11.8179* 1 uU*
1064.4255%* 164.6635* 36150.2002* 0.2262™ 5 F°
68.2501* 95.6805* 42678.7328%* 1.5458™ 1 Cc*
699.7540* 35.7012™ 103934.5627* 0.0415™ 1 u*C
1339.0009* 115.0681* 61503.1366* 4.0247* 5 U*F
958.3280* 27.8543* 95576.6733* 1.1713™ 5 C*F
461.4778* 102.4125% 136267.0684* 0.6914™ 5 U*C*F
L
0.2498 3.3709 0.329 0.2543 48
Error
3.1199 7.8756 0.0827 17.5746 - (ho02) Sl o 22
Coefficient of variation (%)
Sl (1 Sle
Mean Square @il e S i
] . ] P . ] PR ] ) Degrees of L
Aoy )3 Sy e gy 3 ;e ol alyy s Al cde Aoy > e e freedom Sources of variations
Root Zn uptake Root Mn uptake Root Fe uptake Root Cu uptake
97.9766™ 802.0012* 632158.29* 72.9430* 1 uU*
7495.1257* 3661.0389* 3150670.75* 49.5891* 5 F°
367.4308* 5.6672™ 24797.27" 1.3420™ 1 (o
2264.5328* 145.0672™ 371276.37* 0.0177™ 1 u*C
4936.4174* 1503.1168* 1116779.92* 34.6512* 5 U*F
5929.5226* 471.1856* 448718.43* 12.8765* 5 C*F
3547.0004* 387.7157* 255647.72%* 3.4370™ 5 U*C*F
L
9.9398 10.1966 7507.87 0.8455 48
Error
10.7072 8.8407 7.9936 19.5451 - (ho02) Sl o 22

Coefficient of variation (%)

.)bd'a.a_ﬁ.é"s}w\.p);\}o Ju:}lcb.w):)lz&mg‘,.;f‘q

K ‘&J Cb.wc ‘&J Cl;.ab Wb 20 a}>u'a

“Use Application, "Iron Sources, “Iron Level, * and ** denoted significance at the 5 and 1 percent level; ns is not significant.



Oy Sod 9 (AUUS 2y

2Ll ol ek el oS Sl
Lol 5y Glsan (Trrd) oy 5 Sl s
5 FEEDDHA slacdS o)lsan o5 Lsls 0L
ol 31 (i sl 8 S s sluie FEEDTA
5ol ol mbe b Lol s e 5l
Q) A3l S o e i G5 p e
S 53 ol win; 3 e chle Oy p SeS
53 (S 8S 53 0 S hen VIAY) (6 acy oal i)
oAl dals 4 cnld S A sdalie S G s

O JKS) cnl sl (ol e

cd I

[ S R FURN S
o
=N
H o

® Foliar app)) ok Jsbwe

Ml Sl Sle amlie ml & s b

(OS2 Al mle s e e s
2 p Sk £00) Ak s e Sl S 0
s AP s 0> 2L ploms oo (S kS
GOl gme Pl dald 4 s &S A edalls
5 S oAl OIS Sl 53 OF Sl day ol aly
sl Srody ool

S Ly QLIS olS sy s 1y s Olgae op S e

\me B C)Lﬂ.s}_w

(F JS8) Wlasl (gols pme il 3l dald & S

Soil app)) SB

control

(mg/kg) ai) j5 e lale
(Cu concentration in root)

chelate)

Iron ) ol o Iron ) ool clifgw e o8l ol
sulfate)

(Iron level) .

Grork 2] D gyl ] i

Nano Iron)) Polymeric) polymeric)

Iron chelate) iron sulfate)

C.:t-ﬂ

Ay oo CBlE s oo g o]l G s SIS Kl alie s Y IS

Figure 3. Comparison of the mean effects of interactions between iron resources and use application of

spraying on concentration of Cu in roots.
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Figure 4. Comparison of the mean effects of interactions between iron resources and Concentration on

absorption of Cu in shoots (a) and roots (b).
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Table 8. Comparison of the mean effects of interactions between use application, iron resources and level of

spraying on concentration of Fe, Mn and Zn in roots.

Zn

Mn

e ool e ool e #3355 0

mgkg” Iron sources Iron levels Application methods
7.23* 19.90%"  676.60™ (Control) Jsls 0
9.32 20.15® 47679 (Iron chelate) ;,al S
20715 26319 745.68F (Iron sulfate) -l oAy gn
9.56%" 26.68¢  823.31% (Nano iron, 9% Fe) 5 a1 5U g
10.158 26.94%¢ 863.21° (Polymeric iron chelate) (¢ yoiy oyl S § él,)
4.52™ 20.58™ 352.73" (Polymeric iron sulfate) s youbs &Ai KIIFIPW g
585" 2805%  845.42° (Iron chelate) ¢aT =S é
778%  1826"  667.26° (Iron sulfate) ;a1 Sl 5 gn ;;
57.83°  19.05™  599.10° (Nano iron, 9% Fe) s ;a1 5t £ -
391" 21.26¢T 461.36° (Polymeric iron chelate) (¢ yosy oyl S §
4.94™ 28.520 851.73¢ (Polymeric iron sulfate) s oy ol Sl sur
6.89* 19.94%  677.15" (Control) Jsls 0
4598° 2279 79821 (Iron chelate) :,al =58
2824 2431% 753301 (Iron sulfate) -al W 5 2
12417 27.94%* 84431 (Nano iron, 9% Fe) 5. o815 5 i
8.511 19.00¢" 735.21" (Polymeric iron chelate) (¢ yoiy oyl S 5 ;;3
10.362 39.00* 871.73° (Polymeric iron sulfate) s oy ol Sl sur 6
3643 1247 384.84° (Iron chelate) oyl o5s EE
923" 1658 448.00 (Iron sulfate) sl o yor ~ g
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Means with the same letters in each column are not significantly different (P<0.01).
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Table 9. Comparison of the mean effects of interactions between use application, iron resources and level of
spraying in absorption of Fe, Mn and Zn of micronutrients in roots.

Zn Mn Fe Q'ddt'“ &A]c]gw 3355 o s
g,pof‘ Iron sources Iron levels Application methods

2.86" 9.56' 458.30" (Control) tals 0

1598% 38707 915448 (Iron chelate) ;a1 =S

75.32° 62.51° 1770.65° (Iron sulfate) cal U 5 gn

19.47" 5436%  1677.90™ (Nano iron, 9% Fe) 5o 215t E

7.13M 18.91% 605.55M0 (Polymeric iron chelate) (s .y ;,AT oS § ’g
0.86' 3.90™ 66.68F (Polymeric iron sulfate) (s .l ;,AT S g ° - E
12209 5894 1777.06" (Iron chelate) ¢,al =3 " §
17.32%  4061"  1483.01% (Iron sulfate) cal U 5 gn E’i
176.42°  4956°  1557.99°® (Nano iron, 9% Fe) 5o 215t E

2.96 16.00°% 346.74 (Polymeric iron chelate) (s .y ;,AT oS §

5.010 28.84% 860.69¢ (Polymeric iron sulfate) (s .l ;,AT S g °

5.07" 15.85" 550.51" (Control) tals 0

58.49¢ 23.82" 833.75¢ (Iron chelate) cal =S

8075 51.32°  1591.34% (Iron sulfate) ool o 5o =

31.19° 70.23° 2122.58° (Nano iron, 9% Fe) 5o 215t k!

1431% 31.97¢ 1238.07° (Polymeric iron chelate) (¢ yoiy oyl S 5 g
16.81% 63.27¢ 1414.39¢ (Polymeric iron sulfate) (s .l ;,AT S g ‘& g
85.57°  29.28% 904.17¢ (Iron chelate) cal =S 313 §
13528 2420 652.80" (Iron sulfate) cpal A 5. o E
28.45° 76.96° 2209.98° (Nano iron, 9% Fe) 5o 215t E

17.80'% 38.66" 1210.72F (Polymeric iron chelate) (¢ yoiy oyl S p

13.158 41.55° 1218.32F (Polymeric iron sulfate) s oy ol Sl sur

(P<e/o)) G Sls pme O 2 53 guxqub,du@il.f

Means with the same letters in each column are not significantly different (P<0.01).
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Abstract

Background and Objectives: The importance of agriculture has been revealed for all human
societies more than ever before as the population grows. Iron (Fe) element is one of the vital
elements for plant growth and its presence is essential for plant metabolism and physiological
processes of the plant. In the present study, we tried to study the stability of plasma membrane
against the entry of the elements into it and the resistance of the plant to the stresses on the inner
membrane of the plant, which is the amount of applied Fe levels in addition to studying the
concentration of microelements in the root and shoot of the plant. The purpose of this study is to
compare Fe resources intake and its interaction with the concentration and type of applied
fertilizer on the concentration of microelements and the stability of the plasma membrane of the
sorghum plant.

Materials and Methods: A greenhouse experiment was conducted as a factorial design in a
completely randomized design with three replications in the educational greenhouse of Zabol
University in order to studying the use of Iron sources on the characteristics of Sorghum plant
(Sorghum Bicolor (L.) Moench. Var. Speed feed). The treatments consisted of two Iron levels
(soil application: 0.270, 0.405 mg per kg of soil and spraying: 0.25 and 0.5 g of Fe per liter,
along with control) from five type of fertilizer (Iron chelate, ferrous sulphate, Green nano Fe
(include 9% Fe), Polymeric Iron chelate, Polymeric ferrous sulphate).

Results: The results of analysis of variance of data showed that the triple interaction of all traits
(except for the Cu of shoot that had no significant difference) and the dual interaction effects of
Cu in the root of the plant have been statistically significant at the 5% probability level.
The percentage of PMSI of the root (5.06 times) in the soil application of 0.270 mg.kg" Iron
chelate and the concentration of Zn of the root (6.99 times) at the level of 0.405 mg.kg" in
Green nano Fe (include 9% Fe) treatment were significantly higher than control. The total
chlorophyll content (75.95%), the percentage of leaf PMSI (6.33 times) and Fe concentration in
the shoot (1.99 times) had significant increase in the Polymeric Iron chelate, Green nano Fe and
Polymeric ferrous sulphate respectively and the concentration of Zn in the shoots showed
significant decrease (75.05%) in Iron chelate treatment in the spraying of iron sources at a level
of 0.25 g.L"". The concentration of Mn was significantly decreased in the shoot (30.67%) and in
the root (37.46%) in Polymeric Iron chelate and Iron chelate respectively and the concentration
of Fe in the root (47.86%) showed significant increase in polymeric ferrous sulfate treatment
compared to control at the level of 0.5 g.L™'. According to the results, the highest concentrations
of Cu in the root were observed in the green nano spray application.

* Corresponding Author; Email: a_ahangar2002@yahoo.com
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Conclusion: In general, according to the results, the effects of Fe sources on the physiological
characteristics of sorghum and plant PMSI were evaluated positive and confirms the positive
effect of the spraying of all Fe sources on the traits of PMSI root and leaf, total chlorophyll and
Fe concentration in the shoot and root.
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