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ABSTRACT
Industrialization and destructive human activities have led to a rapid spread of heavy elements contamination in soil.
The purpose of this study was to investigate the effect of silicon and salicylic acid on yield and physiological traits
of corn in Rahimi and Molavi farms (contaminated with heavy metals and located near lead and zinc factors in Zanjan)
in 2020, by using a factorial design based on randomized complete blocks. Factors included spraying salicylic acid
at zero, 600, 1200, and 1800 uM, and spraying nanosilicon at zero, 600, 1200 and 1800 mM. Based on the results of
soil analysis, lead, zinc, and cadmium concentrations in both fields were higher than the allowable limit and this
heavy metal contamination was more severe in Rahimi field. Heavy metal contamination reduced plant height, grain
yield and yield components, biological yield, chlorophyll content, and proline levels. The highest grain yield and
grain weight were obtained with 1800 uM salicylic acid and 1200 mM nanosilicon treatments, and the lowest with
the control treatment (without salicylic acid or nanosilicon). The highest chlorophyll content was obtained from 1800
MM salicylic acid treatment on Molavi's farm and the maximum amount of chlorophyll was observed in 1800 mM
nanosilicon treatment. Overall, the treatments improved the yield, chlorophyll content, and relative water content of
corn leaves. It is recommended to spray 1800 uM salicylic acid and 1200 mM nanosilicon on the corn fields in this
area to increase the stress tolerance under heavy metal conditions.
Keywords: Cadmium, growth regulators, lead, toxicity of heavy metals, zinc.

29 (Zeamays L.) &3 <O jod g 1wd Olao 9 8 Klos p 09kl 9 ECludlodwn! b Jodomo 1
Oy D 38 4y 08T &1y Gl
g Loy g mglr (b B Ao (6 T (ulixedle TGS Al -l ! gl uoS A
Ol o85S Dl sl DU (UL Dol 5 o5 pske 09,5 lsliul 5 HLtils il (655 Gl o Sy~ ¥ 5Y 5
Ol Ol sy o &isls (LS ol 5 el 05,8 Olils =0 e
QLMY Gy b V8V UYIdl 0 o)
ol

S b G ol el S o Sk by i ol 4 S (ST Sl o g gl 0 s Jse
3 s Py 485 53 53 D33 S5 Pnd Slhe (Fp s s Shes  Shdladenl 5 0 S 51 eslizal ST )
500 WA Jlu 55 (Wo g ek 3l DLy 4d 555 3 2 GG, S psbme 53 5 35 K I3k 4 03 T &) (55
M 5 Aol Sl B gons Jold tale3T (gla, g6 s |zl 51,5 55 (Falas JolS glaS gl b G s o, S
@B 2g Vge e Vv gAY 0 e (e i i ler 55 058k U (BUghowe 5 ¥ g0y Kea VALY 51 Y00 e i e
2 oS I (S I cpl g en g YL 5lms d 5148550 93 8 53 p 53l 5 (S55 e ol SBL 48 sls DL S 3T
5o i > Shos OF g1l 5 4l 3 Shos (553 g5 RIS o Ko SIS S I il (g ity DS o5 4555
Moo VY00 5 Sddladonl ¥ g0 o WAL jlad 51 ailaylin O35 5 ails 5 Shas o ity A5 (ds il 5 o &S
s 31 3 IS (sl s o ity el s 4 (0 g8 56 Sl Gz pe) Aald jless 10T o S 5 058k 55U
235 JB3 IS Shie S Tam O S U Y g0 ks VAT Jles 53 5 el sy (590 48550 53 Sebdladonl JY go a VAL
5 JBafS Slsme (oS s e sl 5 s Mhes 35 2 St Sb )50 lasled gz 53 A sdalin g 455
VYoot Sl Y g oo VAL (3L s (lasless 485,80 7 gl o 51 Cbls sl ke &3 Sy O o (51 oo
sl ey gyt 3 s B ailie 53 i DG S Jaot 0 6l 05k 51U Y 5 e

S (s pols (i D o (g (55 ey oS a5 ST (SO 39

* Corresponding author E-mail: alahdadi@ut.ac.ir


https://doi.org/10.22059/ijfcs.2022.346622.654931
mailto:alahdadi@ut.ac.ir
javascript:void(0)
javascript:void(0)

w9 0,Sdos 9 liwgil g Sclcdloagl 3L Jolowe S1:) San o ol 5 oY

Slge iz o PLE L jiwsd 5l Cailes o Jgame

(Guntzer et al., 2012) 045 o0 olde
5 Gml..f slyge,ee b glasdss  olie sl oola !
O D38 (25 e SIS a8 e sla s
I8 6/ cdale b (HaSI04) So—aad wsgigoanul

Sl QLS g a3 ron b g 315 575 Yge s
(Chen etal., 2018) 545 o

obS 0B sln 592 ol 232 (Sl 4z 5
ST sobms 2 ol e SIS Lol e | oins (gaidiw s
el os I35 (slaclss 5 gladeSs (aLS (slawisT
sl i saie SIS eSidw (Ma & Yamaji, 2015)
oo s oS 16,5 St alar ) ilis
SOl 2lie jolie Jol pas (uSow D3l
aeo e ol S | ol el §
—u—w g (Guntzer et al., 2012; Zhang et al., 2014)
Sl i 918 Jpazme CudS 3 Shoe ) (2al34l
Cooke & Leishman 2011;) s g0 jud (359,503
leJliy 4 90 |51 .(Van Bockaven et al., 2013
e Glgieas ) oSl (IPND ) LS a4 das
UMV R UL SR JUNP S - F SN
.(http://www.ipni.net/nutrifacts-northamerican)
LS ol (2lS lalie S8 ezl ol pogdle
Spho yaze S 1) 35k coms 5 s9b4 (AAPFCO)
(http://www.aapfco.org/) el o5, 5 el
Sk Lo 55 S B3 i slo S350
S oty bawsma b S 5 o 16 s ) s e

2 Association of American Plant Food Control Officials

doNio
oS ol Lol pie lgreas (Zea mays L) &)
1597 p Slofg Comal 5l ek g pls 35 50 (35
Songe 9 Sl py mhaaw Gl JJoeea ool
Ailge )lo)s5 p (polB Coglgl 5l Jaaze cnl 5 Slas
PSS aSgaexslb #3155 s.b (Tardieu, 2012)
Ll oyls @dle plo a4y s 6 5YL ctS 5 mhaw
AL @ g pasS 5103 mhaw axly ;0 5 Slee 5 odss
-4 0,1 55,8 shew el pogdle (FAOSTAT, 2021) sl
CoieS b STy o> adsle S g 090 plnil Glo]
Al & e 5 (5551 5 2Ebios o1 sl Sl
490l -l (Curran & Posch, 2000) ool |)ls laadgle
Ly 9500 St 03l Ml & jg00 ploniy Gl
el O Jolaie Ll SR V0 CuS s
Sl (o S Syl bl ail e ailaie ol
2 ol 3 a8 ol il ol o e e
Sl ails (65,0laS DY gzt (4S9 (05 O Sles
S yolie a4 S Sogllclusl sl Jled Loa
A S Ol AMlasl il oS b o ada
2eS YYD YL s S8 LB ele
slecdale o o> a5 05d 0 GMb] (CaSe yo il
O ol3ls (Hawkes, 1997) aiiws cow 35 o5
sJS.:..) “&:.;.»))—‘ cﬁWjJ] «S9y P srﬁ}.z.aéls LJ-OLM.‘
sl b S s s e Sogll L3l a5 (2019
@ ©eliS Ygame adgi o guxr SIS pole
L S Sodl (Feng et al., 2021) cusl 60,51 3924
50 odas SGielenpd OWNST 4 jone S l3ls
CobS als wd, LhelS wogidy Suals ols

1 International Plant Nutrition Institute


http://www.ipni.net/nutrifacts-northamerican

Yoy VE-Y Sl ) 8L OF 6,90 ¢l 25 lalS asle

2588 o lapbisl sz b plw] &S gl |
9 oo abox 5l iz (alae (Il g 09,00 St &
Gl b oo 0,55 (55, 5 s S
oo Sl Gl 5l (G361 daalls )5 ol slacley
g ool ol cadlad 5l ol g 10 99290 (slmosu¥T
Elre S 10 (6 y0mail slaciis B awgi a8
lils clale clerandy Wb Co g pexd
YL Saell am ay gblis ol £5l50 ST o eSins
Oygeo do Sledbl pl) G o 5 (Sl ailiw T 5
5 Shast Tolez ool Vgim s sl lalas 5 ailejna
(S load a8 )5 lxy pliw | sy Laos (Lol
rolie 0335 5 o) sbosnSpplas She i aazr gl
Sl A5 e S5ut 2 O9Sebe—w i lae
oolitusl il sy iz ol slyz 5l o (i
Slice g3 es p Seladdlwaal 5 (55l
i D316 4 009l ae )50 90 j0 D)5 Sy 5aln b
Bg (455 de sladils IS glxa)

b 599 3Mg0

slasSsh b CIB o Sl o jgen plulesl ol
acyie 90,0 YW Jls o 1SS aw b Solas JulS
@by Cuxdse Sl a5 Gl Ll o @l
oy 4 e =) el gle ol 1l wisg wgliie
Oyslme )3 5 Glmy b 28 53 b ool 5o &l
) bl 55 9 @ ol )l ST Laal Joe
5 (B 4z yo FAYD 5 o s TEXY Sl
e ) ePx 3 NS sy 0 Wy (Solge ac)re =Y
3 SheSl S5 5 @ Gire 00l & jglne y0 5 Gl
Do (B a0 TAY. (_,’_ILM; 4>, 0 V72V Slaise
Selollotoad (2l Joone Jalts iales] sl 5255
s ez 50 (20,0 AT (osls L Ll S e L)

Olojpe (oo SIS Cg ; (S apn] s )b
5 o] lsloaSTol codlad S o0 Sl b
2 S Sl3lE (5053008 (3 SAMWS ¢ o 5l uf
s e Splis Llxlay a5 ol 5 5 ol s
3 Il Olss 5 (5 ol el i
Jia-Wen et al. 2013; ) LS waliswe sloc o3
oalS o oSl v cuie ynds (Zargar et al., 2019
PS5 AT 5l gk 5o oS DS o OS]
(A 5 @S 92 gl g S 0955 il
Sl oat (B)IS pe5 se—w 5 St T 905
aS ol las oldlas puzen (Sahebi et al., 2015)
sl G 5l oSl (K Sl 2
o sl 5 e s 0 (ol 5 gl (e 905
9 ST el Sigeulr 3ddsi GsSelew S (oo
el @bl 5l was oo Gl ) v ISl Il
OseloenS T 9 (S Cois 2l Jobo slae oo
ok yé lo A Jood S99 2lid slavs]
.ding et al., 2021; Tripathi et al., 2020) s4.5 oo
1A S enS 5 00005 el b Seldlooul
Sl iz eaS elals plpiea Coul (Joid ol
g3 935 2LS Glaypling (loondon 5 (Sojels 50
2 9 03355 Sla IS & gesly g ol (28 s oS
Slalllas (Wanietal., 2017) 04 g0 423 3 a5 ;0 00l
3l adadlo o Sl dloowl a5 cul ools olas 5
Ly @i b jl (o polie (25 plp y0 olS
s S olS GaSlail o yobs (nl pens
OS] s slaaiss Bl g SlaST BT elis
Wang et al., 2019; Dalvi & ) oS oo o] (59500 i
.(Bhalerao, 2013



w9 0,Sdos 9 liwgil g Sclcdloagl 3L Jolowe S1:) San o ol 5 Vot

il el o Gl B 5 o]l Slidec oS
3,5 low aslsl g Lol Jee

V0 Gayb I RWEC) S (g Casb ) (5570m0 drmloe
Selo 3 olS oSy jl @l bawgs &5 (I Ses
009 5l dw a8 5 jebay ol plodil sl Sl s ) ¢
WY saeay shaie Ol 5 50 (5 slacSns 5 03
o i Sladiged idh 255 e 9 ELLD el
a8 )8 18 el YF Goeds g a>,0 AD (9l 50
S e Sashy g o (e Ll S 39
59 Fuey] 50 a5 aS el cavods s aolas 5l eolainl b
b gledl 5 059 Tw g St (59 Dw o

(Fw-Dw)
(Tw-Dw)

hgy Sl esliiul b adelg Sy g (e
5 el bl al (55 05lul (1987) Lichtenthaler

RWC= x100

e g Gt eSS, ke (6 pSosll
Gl ol G5)l55 g dalne Sy 5 (39 055 2 S e
& S o5l
Gl gy opl 4o b eolawl (1973) Bates et al.
Oelon cdale 5 O3 egil OV zse Job )0 Ladiged
Sloslinl b Sy 5 035 5 2 pSke o> 2

A s S laslin] gove
o St slaaus, jlails ol o,Sles avloe 1

Flolgrear CilS bolas (9w 93 0 5l e S |

ey 5 S ol dep

S 5leadaiils py (lalS wulys jo ol colanul il
039 9 485 8 Al lhans o bl oS
Ero o 25 ey Gy 3 Shes (g lag]
O Gy Yoz Bolal jeba & o 1ol 318
P cayoy olaas (M o als slass i gl )l 5 sl
1) asly uw ol (g Sojlail o, jo ails slass 4

g 4250 Ve gles 53 9 03,5 T Pl ©o

2bdsloe g ) ¥ge9,See VA 9 WY e e Foe ho
(205 WA ol L 15, o 2 25L0) 55l
g2 Yoo oo YA+ e VYo e Fee ho mhaw oz o
s S oo bciia () alpe 5o 0 bjles (2L Jolowe
ssbieds b plowl (s e bwg et pl 5l (V
Ly pae b oo Slelo o ik Jsbre sty i
A RET JIRCIN TR SRR RCH CL SV
el (aoys /0 ) cdale b oldl Sy oS 0 el
3 S 0g LeuSle o8, oolaiul 0y50 &yd 18, 0
Gos 5l (Bolas O g0t SB- iges 35 Glalejl (612
5 2 50 Galejl gzl oe (e ye il Yoo
G Sk Glisgas s Sz g clby S
el oael V) Jgaz 0 o] ol a5 ol Jiie o8isle;]
9859y vy polie jlome > osdplnil wlie y9,0 G
2 pS ko IVE 9\ F DD S ia S 8 peesls
Crommentuijn & Polder, ) el oals (3,155 6,5 5LS
ol Vv Jeae oulply .(1997; Vodyanitskii, 2016
Syge OB 90 50 Sl 850 yolie clale oS was
e Sl8 S33lT g 352 3Vl e a5l el

ol aBlS (6 iy Sul (Js) senmy 4550 50
e i Jsb 4 SIS s, e el 5 5a
Vo s gy, abols e il YO sy e Jols
2% EBE Ges g ke dw laSsly G alold e il
otalo3T ool 1 5L 9550 355 lade 09y 2o il Y0
clols 5l am Aol ol s acie 2 0 S
sl 5 ol llys aas gl i plxl gkl Ollee
T alold 4y g0 ool e e S Ll b g adlaie
O3 1 Flyz Al e b plxil ol )kl 51 55,

slazin o1 5l e 09 plxl (o554 azalS lyanul



Yoo VE-Y Sl ) 8L OF 6,90 ¢l 25 lalS asle

obly ($Rep (oS o il ly a3 plal Gl RS s
09231 90 <yl ge3] 5l eslitul b ptulel slallas

255 )5

laasls Cagb, L ssls 1,8 celu YY Gowds 9] S50
ao ;0 VF sl o ol 5l e 5 A 200 Sho o,
olfiws aliwgar) wls e 59 g ails o Slae Cugh,
dslio 5 uibyly a5 ol aule (G4 S 0)leds

L oSils slaslosiz go)] alawgar aosls .Sl

YA ely; Jlo o Lislesl sl sla e S 5 JUT s =) Jgo
Table 2. Result of soil analysis of the experimental sites during 2020 growing season.
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Table 2. Analysis of variance for different traits of maize under different treatments
Sou.rce_z of Pl_ant 1OOQ—seed Number of Number of Number of Nslér:(:):;:)f
variation df height weight seeds per ear  ear per plant  row per ear oW
Location (L) 1 13812™ 882.09 253427.8" 0.0128 3.128 93.38
Rep (L) 4 403.16 1391.99 32489.8 0.0766 15.373 13.51
Salicylic acid (A) 3 751.75™ 9407.2™ 142808.4™ 0.0069 36.173™ 93.37"
Nanosilicon B) 3 98.66 402.62™ 7136.2" 0.0213 3.868" 14.15™
AxB 9 242.29 111.22" 2085.8 0.0001 0.808 8.43"
AxL 3 770.36™ 7.45 6639.4" 0.0031 0.013 0.03
BxL 3 195.3 30.65 2913.7 0.0001 0.055 0.02
AxBxL 9 298.54" 41.27 1628.3 0.0001 0.078 0.05
Error 60 143.01 49.91 2254.7 0.0081 1.17 1.38
CV (%) 4.92 5.09 7.47 8 6.5 3.8
Rest of the Table 2. =Y Jgaz aalol
Source of S . Biological Relative water Total Carotenoid Proline
. eed yield . chlorophyll
variation df yield content of leaf (ath) content content
Location (L) 1  215585.5" 1309771.8™ 0.35 0.18" 0.005 3.617"
Rep (L) 4 23386.3 39997 4.8 0.033 0.008 0.026
Salicylic acid(A) 3 187798.7" 77766.3™ 1317.59™ 0.364™ 0.368™ 0.971™
Nanosilicon B) 3 10964.4™ 50506.9" 37.84™ 0.182" 0.044™ 0.532"
AxB 9 4281.8™ 28023.2 1.98 0.033 0.002 0.057
AxL 3 302.5 74473.1™ 0.15 0.567" 0.006 0.307
Bx L 3 608.8 27392.7 0.12 0.032 0.0001 0.031
AxBxL 9 557.1 11136.2 0.1 0.038 0.0002 0.114
Error 60 1110.5 13885.4 6.36 0.052 0.004 0.15
CV (%) 6.1 7.9 3.32 8.47 13.51 18.9

“and ™ represent significant at 5% and 1% level.
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Figure 1. Mean comparison of interaction of location, SA application and nanosilicon on plant height of maize.
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Table 3- Mean comparison of location, SA and nanosilicon levels on some studied traits.

Number  Number of Seed Relative Total Carotenoid Proline

of rows  seeds per yield water chlorophyll content content

per ear ear (g/m?) content (%)  (at+b) (mg/g) (mg/g) (umol/g)
Rahimi 584.6" 1035.4° 2.51° 2.24a
Molavii 687.3 1130.2° 2.742 1.85°
SA -0 (Control) 15.4P 549.1¢ 973.4¢ 67.56¢ 2.68P 0.31° 2.312
SA - 600 15.8° 601.6° 1054¢ 72.25¢ 2.60° 0.39° 2.00°
SA - 1200 17.52 666.8" 1128.5° 79.98° 2.63° 0.542 2.06°
SA - 1800 17.8° 726.3 1175.42 83.972 2.87° 0.55? 1.83°
Nano Si- 0 (Control)  16.1P 614.5P 1057.9° 74.14P 2.63 0.462 2.09%
Nano Si- 600 16.6% 629.6% 1086.2° 76.08? 2.70% 0.49° 2.242
Nano Si- 1200 17.02 651.6° 1109.5° 76.572 2.63° 0.39° 1.99°
Nano Si- 1800 16.8° 648.1° 1077.7° 76.97° 2.822 0.42° 1.89°

(3,5 O Jloio] gedans 13) 35,5 oS5l g03T ulul 1 (6lo cine BT oS jite By> (sl (slopuSilee
Means that have a common letter in each column, are not significantly different (at the 5% probability level).
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Figure 5. Mean comparison of interaction of SA and nanosilicon levels on seed yield.
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Figure 6. Mean comparison of interaction of location and SA application on biological yield of maize.
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