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Abstract

In order to investigate the effects of humic acid, iron and silicon nanoparticles on quantitative and qualitative yield and
filling components of wheat seed under salinity conditions, a factorial layout was carried out based on a randomized
complete block design with three replications in the research greenhouse of University of Mohaghegh Ardabili during 2021.
Treatments included salinity levels (such as, salinity of 35 and 70 mM by NaCl and without salinity as a control), foliar
application of nanoparticles at four levels (foliar application of 0.8 per liter of nano iron, 40 mg / 1 nanosilicon spraying,
combined application of iron nanoparticles and silicon nanoparticles and no foliar application as a control) and humic acid
spraying (spraying with water as a control and spraying 3 g/l. Seed filling parameters and some of qualitative and
quantitative traits related to yield were measured. The results showed that combined application of humic acid and foliar
application of 40 mg of iron and nanosilicon nanoparticles in the absence of salinity, increased maximum seed weight, seed
filling rate, length and effective seed filling period, Spike length, 100-seed weight, plant height, number of seeds per spike,
chlorophyll index (56.60, 1.183, 39, 58.45, 58.5,39.53,2.51, 70.6, and 57.57 respectively) and increased the yield of single
plant (46.97%) compared to the conditions of non-application of humic acid and Iron nano-oxide and Silicone nano-oxide
under the salinity of 70 mm of soil. Nanooxides (iron and silicon) can increase wheat seed yield of wheat under salinity
stress conditions by improving seed filling components.

Keywords: bread wheat, foliar application, Plant nutrition, salt, yield.
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Table 1- Analysis of variance The effect of application of humic acid, iron and silicon nano oxide and
salinity on grain filling components, yield and some traits of wheat

Sl oKl

Mean Square

&)
> 2 %
~ 2 =
< 3 = g E
= 2 < e T o
P - . 3 ® ] 4 = 3 g )
e ¥ 2 2 38 2 y E »E 2 E 22 5 g
5 S = & 4 2 A - 2 o 3 e E 3 e 5 B
S.0.vV 3 {)g > 5 E §E W 3 % E > 8 O \EE
P a3 a2 4 F % 2 % B v
s 42 & 38 Jg B 32 4% x=
E & 45 s 1E 3 g 3% 3% "3
2 & o
2 = 5 ) S g n o2 £
g e s 0 5 k2
Z 5 S g 2
= g P g
z =
S}
A 2 12063.6°°  114.21*  2677.4°° 17.05% 0.0023°* 0.00000268 1335.1* 822.59°¢ 5.585%
Replication
) 5255 sl 2 969.8°* 2.62°° 398.9* 0.398* 0.00065°° 0.000000000787°* 182.14**  240.033* 0.847
Salinity
D 51 54 3 2032.03  10.88*  7443*  L146*  0.00042*  0.00000000104**  122.50*  160.71**  0.106*
Nano oxides
(H) S 4 1 150.87°  318™  73.60  1.832°°  0.00022° 0.00000000151° 67.22° 90.97¢ 0.109™
Humic acid
SxN 6 483.1° 4.828°¢ 109.1°* 0.267* 0.000015°° 0.000000000820°* 6.055% 7.90° 0.118*
SxH 2 11629 4.029*  89.88°  0.299*  (.000004™  0.00000000173" 2.03¢ 3.018° 0.120
NxH 3 206.63% 3.12% 79.57° 0307 0.000016"  0.000000000212°  4.935* 6.409° 0.285°
SxNxH 6 424 .97 11.91° 133.4° 0.434° 0.000011* 0.000000000137°* 3.489* 4.756* 0.216*
Error L= 46 13.79 0.166 9.50 0.029 0.0000017 0.00000000000932 0.507 0.669 0.0127
S R 2
3313 3.740 6.077 4.098 2.706 0.182 1.909 2.794 4.682
CV () (4,3

uw):a(u@JL.;:;-\cbﬁ)l:s'uj)\;@Mﬁé%ij

ns, * and ** are meaningless and significant at the five and one percent probability levels, respectively
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Table 2- Comparison of the average effect of humic acid, iron and silicon nano oxide treatment and salinity
on seed filling components, yield and some wheat traits

%
a =
—_~ ~ < —
= =4 — = = g g
2 % 2 8 »8 E} =
T ® & g ) 5 & = g
2 g 2 33 3 4% 25 2F FE S E
5 32 AE 33 32 w2 )3 32 23 Sz 3%
T g ) B 0w ."8 }ﬁ .,-g ‘:% :;’U 1;&2 \/3,99 3,8“
R 3 32 N2 = 53 2 3 & 4 3 4 O 98 =2
8 Q= > s 3 2 e 3w 13 1 s %z 28
g E = '; P ) A 3 3 = 22 28 ? g =1
[ =) = 15} ) g A= 3 = e g =
o ) < ° B = D - = =2
= =~ £ = <] g ° o o
z £ s g £ £ =
Z k3] < 6] o0 b3t =)
g = 5 £ 2
2 g
=)
SixNixHi 107.30 10.4¢" 48 2"k 4.0780 0.047% 0.00167¢ 39.27¢ 27.14¢ 2.378ehi Y=0.00167x-0.0139
S 1XN2xHi 115% 9.10K™ 52 .4¢feh 4.3] %t 0.05% 0.00166" 38.3% 30.42% 2.5574cfe Y=0.00166x-0.0133
S 1xNsxH1 101.971 11.45% 46.6™ 408" 0.056% 0.00166" 41.3* 33.97* 2.54feh Y=0.00166x-0.0124
S 1xNaxH} 129.7%® 9.9hii 65.2¢ 3.85ik 0.056% 0.00168¢ 41.33° 33.86% 2.65b¢de Y=0.00168x-0.0127
S 1XNi1xHz 120.84F g.5mn 56.4¢f 4.470d 0.0524% 0.00167¢ 39.36%¢ 31.61¢ 2.22M Y=0.00167x-0.0133
S 1XN2xH» 99.6% 9.61% 416" 4.520bed 0.056% 0.00167¢ 41.37* 33.89¢ 2, 72bed Y=0.00167x-0.0126
S 1XN3xHz 129.7%® 12.7% 63.2% 4.73® 0.056% 0.00168¢ 41.39° 33.89* 2.79% Y=0.00168x-0.0126
S 1xNaxHa 132.2¢ 13* 63.2% 4.8* 0.058* 0.00169¢ 41.74* 34.37% 2.84% Y=0.00169x-0.0127
S 2xNixH; 91.4™m 11.8d 40.56™ 3.6 0.039% 0.0017° 32.08™ 23.29'm 2.55%fe Y=0.00170x-0.0153
S 2xNaxH, 128.720¢ 10.1¢ 42,6 3774 0.042m 0.00168¢ 33.65 25.05% 2.02m Y=0.00168X-0.0146
S 2xN3xH, 104.6Y 10.7% 50.2¢h 4.15% 0.048" 0.00168¢ 36.83% 28.69'¢ 2.74%¢ Y=0.00168x-0.0138
S 2xNgxH) 126.1%4 12.6% 60.40% 4,62 0.055% 0.00166" 40.71% 33.19% 2.6t Y=0.00166x-0.0126
S 2xNi1xH» 102.19 8.glmn 45.8M 3.93Mi 0.0444 0.00167¢ 35.06" 26.64" 2.261k Y=0.00167x-0.0141

S 2xN2xHz 117.6°% 12154 54208 4.39¢def 0.051°¢ 0.00165¢ 38.97¢% 31.27¢ 2.79%® Y=0.00165x-0.0127
S2xN3xHa 118.1¢% 11.5% 54.44fe 4404t 0.051°¢f 0.00165¢ 38.87¢ 31.27¢ 2.42fehi Y=0.00165x-0.0127

S>xNaxHa 126.1%d 9.61k 60.6% 4,62t 0.055% 0.00166f 40.77% 33.31%® 2.128km Y=0.00166x-0.0126
S3xNixH; 87.5™ 8.2" 38.2" 3.54! 0.0374 0.00171* 30.69" 21.69" 1.935" Y=0.00171x-0.0157
S 3xN2xH; 94K 11.2¢F 56.57% 3.68M 0.04" 0.00169¢ 32.88K 24.149 1.982m Y=0.00169x-0.0149
S 3xN3xH; 129.2% 12.24% 44 2kim 4.73% 0.043™m 0.00168¢ 34.29% 25.779 2.076'm Y=0.00168x-0.0144
S 3xNaxH; 112.4e 12.42b 51.4fehi 4.23¢f 0.049 0.00167¢ 37.6¢F 29.52¢f 2.457% Y=0.00167x-0.0136
S3xNixHa 8.6 11.5% 39.4mn 3.52! 0.038P4 0.00169¢ 31.53m 22.72mn 2 .4g6¢tEh Y=0.00169x-0.0152
S 3xN2xH> 99.6* 12.7% 44 4kim 4.7%® 0.043™m 0.00168¢ 34229 25.77Y 2.363M Y=0.00168x-0.0144
S 3xN3xH> 104.7¢ 9.3 39.4mn 3.85ik 0.045 0.00166f 35.74% 27.53¢h 2.143km Y=0.00166x-0.0137
S3xNaxHa 123.5¢ 12.4% 58.20d 4.5500cd 0.053¢¢ 0.00166" 40.1% 32.46% 2.237M Y=0.00166x-0.0126
LSD 6.104 0.67 5.066 0.283 0.0022 0.00000502 1.1706 1.3444 0.185

SV e Ve 5T (o5 5 o5k pe 54 S3 582 S
o155 3,8 (0 S 56 2 53 05 e Fr 3l shone (AT ST 56 2 53 0 8 /A (L shome cals Ol ey 3L g oo 5 o Na 5 N3 N2 NI
058 5 AT 48T 50
Sonsen el 1 53 0S¥ (2 sl 5 L o oo 5 i Ho 5 HI
I o3 ey el 53 LSD fn5T ol s (513 e ,LT o Ot A 5 alie g b sla o Sl
S1, S2 and S; are salinity and salinity of 30 and 70 mm, respectively.
Ni, N2, N3 and Na, respectively, non-spraying as a control, spraying 0.8 g/ 1 nano-iron oxide, spraying 40 mg / 1 nano-
silicon, combined application of nano-iron oxide and silicon.
Hi and Ha, respectively, non-foliar spray and foliar spray 3 g/ | humic acid.

The means with similar letters in each column did not have a statistically significant difference based on the LSD test at
5% probability level.
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OIS as 5 Sl 5 sla gy o
b gle b 25 2 5w HBT (Narimani et al., 2018)
e 5t AT b5 palia b 5 3L RalS 8T
g 4 e AT LS50 5 487 T Csay by IS
CSTL T Cosgitoms Ll o 5o o b5 IS (o) e
Ol AT Lcaly ) i) Cuspoms 4y ar i L0 0
oS gl als S 3 T &S ou S Cu by
i 1558 i lon a7 2508 L (o5 5be
OT i (5 0l 5ol (11 oS 5lkie & paT
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2 e IS wn g 5 o5 85 Bl e 5T
(Hadi etal., 2016) 5,5 o plowil 0T ) 5

Nazary et al., ) ol,LSea 5 5k SOlidss b
G 528 008 355G 3,87 31 55 5l olas (2021
DL (6 7S Dl i J35 ST (sl 00 Sl 56
AT 350 slasles (plad 3 4S5 (g bas ol
38 03 (FUA) oy &5y s IS e ls Sl
Lol 53 05k 5 5 G a8 pans oSl ol 5
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et 05 5 AT S350 5,187 5 Ko m el 3G

,lb! (Epstein and Bloom, 2005) RIS
b (St 25 Jal o 05 3 )18 L3 500
o s aly el 4 S e (6 e g8 310 )
Coles 0o 5 o Lla O5s calin 53 Hds slaas 51580
O s oW s (a.\_:f s s Slas
Gk 3 0w o dzils el (Fallah et al., 2004)
sliws g alia 53 Hd slias ( S 25 J1 tals
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Jlzt o 53 02 &5 35 IS el 5 (50l
b sk 5 58 (¢ Jgdr) 55 Hls sme Lo ys &S
Lyl s Cou 08k 5 AT ST 5L S s |
e 4 Cod S FEIV sl 8 51 658 Jlas! pte
55 5 AT 1 58 e S
BESTISTASEIC IS PO WA LY IR e
(P Jgdr) 590 5l 5 0 SIS
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oL 5 ks

(a0 e | (5 G gl 15 3,28 55 (65 55 ¢ 5
Jlasl pute Ll b Zod 0 Sl 5 2T ST 50
Cs (52 3 FE/AY 2ol 531 51 a8 e T sy (5 58
5 AT S 5b 5 S e |5, oo Lol 5
O¥sriske V) 05 o 02 5Vl 52 0 S
LY Jad) 5 i, 5

Hagh Bahari ) 0,8 5 &)l o> Sbdles Gb
ARl s Slas (558 o 21 31L (et al, 2013
BT M P PE SR PSR SR
di s Sles 2alS Coge diw js amli w5 5,
.(Grive, 1993)

Gk ol 5 Sas [l Eoly &Ko pn

5 el 05w 5 8T STl 5L 5 6 g ol 2T slomn 5 (6555 56 ,30 uilsls 4 s Y J g
Table 3- Analysis of variance of the effect of salinity and foliar application of humic acid and iron and silicon
nanoxide on chlorophyll index

Mean of Squares S, o 50k

Chlorophyll Index (Days after planting) (.8 j1 s j5,) Jbs &5 esls

54 64 74 84 94 104 114
= gl s g _ _
S.0.V 2 S ~ ~ = < . 2 .

g 32 - o - 3 & 3 & A= 3 E
wE Y% 1% 13 1% 3= 18
N b3 b3 kX EX- 18 1 g
L = = S S
Ed
=
LSS 5 2240.69 200002  1892.5° 1758.3% 1712.4™ 1680.4% 1401.2%
Replication
) 25 g S ) 740.2% 481.1% 535.92° 596.1° 496.05° 22749  305.52%
Salinity
M a5 56 3 208.18° 332.4° 251.27° 192.6 65.51% 29.337% 61.39°
Nano oxides
) 50 ol 1 125.78% 288.7% 50.76% 135.4% 31.68" 180.59* 49.99%
Humic acid
SxN 6 4135 61.26% 43.46+ 54,36 38.23 54.986* 27.71°
SxH 2 43.11% 11.98 2357 3.303m 12.44 86.89° 10.42%
NxH 3 92.36™ 12.16 5.058" 43.71° 29.44+ 55.76* 2.008™
SXNxH 6 20.96% 70.83% 21311% 59.06° 44.62% 24.56% 31.62
Error s 46 4.899 1.8 5.172 4.068 2.683 6.209 1.192
(42 3) Sl ok
4581 2.86 5.108 4713 3.863 6.055 2.86

CV.w)

.x.;J:dﬁ:g@dk}\ckﬂp,b@u}Jls&uﬂb%;q**j*gns

ns, * and ** are meaningless and significant at the five and one percent probability levels, respectively
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Table 4- Comparison of the mean effect of humic acid, iron and silicon nanooxide and salinity on chlorophyll

index
Jos S el
Chlorophyll Index
SIS s S
Day after planting
54 64 74 84 94 104 114
B 3
Treatments @g § - - - - . '%\n . '%\n
i v e v e hE- v 2 1 g i
éﬂ S S
SixNixHi 53.66%f 42.32n°p 42 55¢h 40.821% 40.99¢ 37.3h 35.99ik
SixNa2xHi 46.26)! 45.59Km 43.51fh 42.35¢f% 41.67¢" 39.08feh 38.13f
S1xN3xHi 49.28¢h 50.45%h 50.4bed 4935 48.95® 45.95%cd 43.05
S1xNaxH; 58.54% 56.3% 53.9% 52.22% 49 37.3h 44.75%
SixNi1xHz 51.45¢feh 57.39* 46.65¢ 45214 46.65° 48.872 41.34
SixN2xHz 55.82bxd 54,2bcd 50.90¢ 49 .4b¢ 48.9abe 46.47%¢ 43be
SixN3xHz 59.63% 48.36h 55.15° 53.62° 49 49.822 45.6*
S1xNaxH> 57.45%¢ 55.220%¢ 52.65% 50.83® 46.6b4 44 7bede 43.96%
S2xNixHi 39.09° 38.05™ 39.53ikim 35.311 39.83h 34.85i 32.54mno
S2xNaxHi 44 33Km 43 4]mno 41 4hik 39.6¢ 39.83M 44.06bd4 36.88Mi
S2xN3xHi 47.621% 46.68 44 4cfen 43.730f 43.57¢f% 41.63°f% 36.99¢h
S2xNaxHi 52.53defe 51.54° 47.9cde 46.59% 50.12* 43.56b¢de 41.03¢
S2xN1xHz 41.19mre 39.059 38.4KImn 35.411 37.54i 39.08feh 34.29Km
S2xN2xHz 5477 53.72¢de 45.4cfe 43.83¢ef 43.21% 42.54¢def 38.7°f2
S2xN3xHz 50.33fehi 49.368 43.26fh 43.83def 45.48dct 42.540def 40.44¢
S>xNaxHz 54.20de 54.72b<d 52.15% 50.78% 46.25¢d 47.43% 40.71¢
S3xNi1xHi 42.15mne 41.230r4 38.9ikim 43,774t 40.94¢ 36.84h0 36.94¢h
S3xNaxHi 40.64™ 38.55™ 37.9imn 35.36 3521 42,0842 36.84Hi
S3xN3xHi 41.66™m 36.8" 38.9ikim 35.461 37.49i 36.36h 34.24Km
S3xNaxHi 48.12Mi 47771 44.9¢fen 32.550 33.2! 35.36" 30.84°
S3xNi1xHz 38.9° 40.14P 41.9¢hiik 33.93i 36.36% 39.24f 33.39!mn
S3xN2xHz 40.11m 36.06% 35" 36.84M 39.54ni 32.950 35.14
S3xN3xH> 48.52M 44 5Mmn 36.13m™ 40.98% 34.08% 35.58hi 31.94m
S3xNaxHz 43.23mn 52.63df 46.759% 45374 43.13% 43.56b¢de 39.774f
LSD 3.637 2.205 3.738 3.315 2.692 4.095 1.795

DVsa e Vo 5T (6555 5 6058 pde 50 S5 552 Sy
058k 5 AT ST 56 215 5 5187 0 SThon 56 2 53 p 8 ko Fr (5 goea caT ST 5 20 53 p 87 /A 5 ghoms cals O ey 3 gl e 5 5Ny N3 N Ny
8o ol 2353 0 S B sl 5 3 s e 3 s Ha 5 H)
A 0 70 o 53 LSD G5aT bl (sligimn ST 3V 52 o 53 i 35 - b (sl Sols
Si, S; and S; are salinity and salinity of 30 and 70 mm, respectively.
Ni, N2, N3 and Ny, respectively, non-spraying as a control, spraying 0.8 g / | nano-iron oxide, spraying 40 mg / | nano-silicon, combined
application of nano-iron oxide and silicon.

H, and H,, respectively, non-foliar spray and foliar spray 3 g/ | humic acid.
The means with similar letters in each column did not have a statistically significant difference based on the LSD test at 5% probability level.
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Figure 1- The effect of salinity stress, humic acid and iron and silicon nanoxide on the grain filling process of wheat
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