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Al paiS 0wl o Sles iolidl el 59, 0L
550 (Ma et al.,, 2017; Saha et al., 2015)
paS aily o Slae yiSlas a5 asisl o b
ol Sk 0,5 L Galel Jlo g0 (o
(Salem et al., 2022) wel cewsas
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L5 peiins alal) &l o Sloe L a5 (5,9bas 5,5
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s Yeb .(Farooq et al, 2018) osqi o
aS asb o (Toulabi et al., 2021) 1)Ko
Lol jsba pus by 59, Slyime
rbo 28l GlBl 6y, Slidsw (S5L Joloxe
2SIl o3l Jslons a5 wilosls ylas Sl
S9) Slyoe «BrasSls gy, Slilsw 5 )
Fle g VEIV iy @) pasS oS 0 |, «ls
30 (Mo, YPIF o YYIV) @iy oS 5 (o)
Kheyri ) sls jiol38l (g5, 9,5 pas b auslas
(et al., 2019; Abdollahi et al., 2018
aS e e plas allgs blae 5l s
OeSan Slyioe dgne Sl Go8 995 Bran
5o Wl g oy YL 0ed e ails
Sloless b cai a5 6l 055 Spae Lal,n
0eSlel Waoys VOIY) s, aenSleil
g (e, VFAA) (g5, STl + ponedw
5l as ael Cawsd (22,0 YYIVA) (55, Oldlgu
slsles bl osli gl Lk
enSTol g (59, dnSTgl + ol Sl
Srae alie blh )0 (g5, Slalge + prclen
Sl las (ao,s VYIEY 5 VEITY) sol8 oS
L 59y 2,55 45 ams g0 (lid 5 @l ggemme
e TN S LIU-NT Qi SEORT
sleogs (¥ JS2) oyls pass alls sy p
) S Gl BB i epdd Sl
Sl by e el opl g ool Gl
g oD paiS ady; lame p3 Qi BB (598
Pl oS n Olie b g 395 cdale Sl
WS oo i sald 4 a1 pass Al
O 3 (g9, (Majidi and Shahbazi, 2020)

O oadol sl les cou awly udow cdale
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pae b duslie ;o aoyo +/YVY 5 «/YYE (o/YVY
A Jgaz) ols lis iolidl peadw Bras
Girb 5l oder iz olS bwgi eelw (s
S Pl slacdled 5 Soidsn e
ey 350 ol 7> olS slacdl 5l g ou
Sl oaLS ol ;5 ek 30 bl
ple mls (Hajipour et al., 2019) .l
2L peedew 05 a5 ol lis Oldlas
Ly oS olS 5o ke slsioms Candlys (oaie
4 4> L (Salem et al., 2022) aas isl38l
Jyere O3 51 S5 Sl 96 OIS pezs
ol a5 (Torabian and Zahedi, 2013) sl
OLhlSes 5 y,0bple Glo)liS 0 godge
olsl s (Saberiyan-Ranjbar et al., 2019)
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9 69y SemSlel el Sl (s,
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o b S aS ols ol ol e mbs
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g g glay)l oldl cely g8 0sS o plS
5 ails 0 Shos polie a5 > o o olS 5 Slas
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Table 1- Climate characteristics of the test site during the wheat growth period

(C) ailolo @)l azr ) (il ST Gl £ gozmo Sl ggoxe
Average monthly temperature Total sunny hours Total rainfall
Minimum Jsla> Maximum st Average buwgio hy mm)
Jle el
Monthsofthe < O - O < O - O < O - O < O - O < O - O
year K g 9 K o o KN g o KBy RN I o o
> < o > o < o > < o > < o > o < o
a o o o a o o a o a
- O - O - O - O - O - O - O - O - O - O
- N - N - N - N - N - N - N - N - - N
November- LT 12.3 113 20.5 19.8 16.4 155 127.4 128.0 57.8 228.4
December- 37 9.1 6.4 16.9 15.8 13.0 111 98.3 140.4 65.7 28.0
January- s 4.8 55 15.7 15.3 10.2 10.4 133.8 132 128.3 44.9
February- ¢yese 5.6 38 15.0 15.5 10.3 9.7 132.2 156.4 106.5 129.2
March- wsaw! 6.7 7.3 171 16.5 115 115 127.6 106.1 170.7 103.4
April-¢yp 9, 10.6 9.8 18.8 18.2 147 14.0 1315 1214 78.2 80.8
May-coigus 15.3 14.8 25.8 25.0 20.6 19.9 200.6 182.5 51.1 334
June-sls 5 21.4 20.3 31.7 31.7 26.5 26.0 2724 297.0 1.0 4.0
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(St Yo U 5ao gos) cls 5| 8 talesl oo S (aloosd 5 (Sujud Sloogas =¥ Jguxr
Table 2- Physical and chemical characteristics of the soil of the test site before planting (0 to

30 cm depth)
8 .
18 3 3 5 R R o .
b2 3sg 4. 4E  of 1R 1 s 5%
3g <S58 1S 2 g 38 2 288 o8% a2 o
25 188 ¥ %% "E ws 428 2EE N 32
2o ‘g = S 5 3<8 3= A
] = ‘%ﬂ o S = S = 3
wn
unitaslg ds/m - % % % mag/kg mg/kg mg/kg -
way-aA
2018-19 0.68 8.3 15 0.87 0.084 8 140 1.2 C-L
WAA-44
2019-20 0.62 7.8 14 0.81 0.079 9 165 14 C-L
axlllas 050 3516 Glasin -V Jeus
Table 3- Characteristics of studied nanoparticles
Joge? . - o319 gbaw
- . Olyd 03Il il " . .
LIS RIS ol ’X\’I;a”j’ i Sy S5 Pyt 55
Characteristics chemical Purity particle%ize True Density Special Color
formula special level
Unitaslg - % nm g/cm? m?/g -
S .“Sa SiO, >99% 20-30 24 180-600 Saks
Silicon Dioxide white
9 S| S
Zinc Oxide no >99% 10-30 5.606 2060 white

o 0,3 sla S B 4o ale g9 slaiolejl oS 1o 4306 - Jga
Table 4- Combined variance analysis of two-factor experiments in the form of split plots

Joe ol mean squares ol yo il
e ks mslie Sources of b ool ez i . F
Clems & variation Linear ~ Degrees of " il 9590
model freedom Estimated
expressions Observed
J Year Yg N1=y-1 M1
. Replication
(b)) 555 E’year) R h(g) N2=y(r-1) M2
) - 82
010 095 Manure Ai N3=(a-1) M3 +b82+bra?AY +byroA M3/M4
olsosSx Jo  Yearxmanure  (AY)iqg ’;')‘g(f) M4 52 +b+brs?AY  M4/M5
@) s Error (a) & b '\l'i’(:yy(f)‘ M5 52 +b5?, M5/M11
ek 9 69, ZiINC and silicon Bj N6=(b-1) M6 52 +ars’BY +ayroB M6/M7
969y x Jlw Year x zinc and ) N7=(b- 2 )
- Juttls (BY)i DD M7 82 +ary?BY M7/M11
9369 % 1995 Manure x zinc ) N9=(a- ) )
. oo (AB); Db-D) M9 8% +r’ABY+yrgAB  M9/M10
1o 098 x Jlw N10=(a-
5595 X \;fr‘?cr ;‘nr(;‘f;ri‘lli‘crgn" (ABY)ig  1)(b-1)(y-  M10 82, +r8?ABY M10/M11
(b) s Error (b) £ h(@)ij Nlj_%(:r?%b_ M11 82
¢A-ZA4/(a @B-ZBJ ¢AB=2 3 AB% /(@
1) / (b-1) 1)(b-1)]
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Table 5- Combined variance analysis of studied agronomic traits

o £ szl olasi Sloolag PO
P aloww H
O i 29l S &g :‘Spili:b aliow 3o Al o o i d
S.0.V. i Plant lenath Number. of Number of  |ousan
df height eng spikelets/spike  seeds/spike Grain
g P p P Weight
Year Jlw 1 12.68" 0.068"™ 0.954" 8.256™ 5.113"™
Replication (year) (Jtw) ! 5 4 94.45 1.022 0.759 11.89 1.469
Manure  ls 5¢5 1 784.1" 15.04™ 30.77 348.55" 4.679"™
Year x manure ols 55 x Jlw 1 2.083m 0.205™ 0.005" 9.505" 10.29"
error U 4 51.81 0.445 0.781 16.81 2.573
Zinc and silicon puwabow 3 59 8 81.82" 0.113" 0.070" 186.25™ 1.128m
et 9 59 Jl 8 22597 0.022% 0.027" 1315 1331
Year x zinc and silicon
el 3 59, X (g0l 295 8 3113 0227 1.689™ 11227 2.140%
Manure x zinc and silicon
sl 3,59, X (5619 295 x Jluw 8 5042 0.036™ 2.285" 15.10" 0.936"
Year x manure x zinc and silicon
error Uas 64 30.70 0.418 0.955 16.92 3.575
C.V. (/) &y g p - 5.40 6.37 5.35 1052 4.16

Aoy S g iy Jleisl mdaw (ol die g o g pae oy *Fa* s
ns, * and **: non-significant and significant at the 5% and 1% probability levels, respectively.

-0 Jgue aolsl
Table 5- Continued

Ol i @alio &l 4z 0 d‘”’"‘ A s e als o ,Shos cobloy psls
S.0.V. df B';Iicé?écal Straw yield grain yield harvest index
Year Jlw 1 352.08™ 114725.9™ 17787.0™ 0.044"s
Replication (year) (Juw),| 55 4 708692.6 1171256.9 615215.7 68.43
Manure  ols 3¢5 1 15528.0" 11802155.6™  12495682.4™" 855.54™
Year X manure cols 545 x Jluw 1 30233.8™ 18096.3™ 87837.0™ 8.085™
error s 4 1279165.4 542003.2 215012.1 6.486
Zinc and Silicon puwabow 3 3 8 407736.7™ 53101.4™ 319112.7" 6.711"
s 9 59 Jb 8 23767.2 75709.0™ 13921.7"s 1.463™
Year x zinc and silicon
|
el 5 69, % o2 255 8 1126942.1"  523209.4"  164513.4"™ 5.608"
Manure x zinc and silicon
rseelon 9 53, X ol 295 x JL 8 122773.6™ 67415.3®  37499.2" 2.567"
Year x manure x zinc and silicon
error s 64 642081.4 281231.1 50831.7 7.837
CV (/) &l yuds s i - 6.36 6.09 5.76 8.99

Boye S g iy Jlio maw (ol g g Hlo s pae ol Sy **iea*ns
ns, * and **: non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 6- Average comparison of some agronomic traits of wheat under the simple effects of
manure and zinc and silicon fertilizers for two consecutive years

Jsb

ag gl ] Azl olasy &l oluxs a1 5158 59
o3l sl ylos Plant Soik FIRIEN TR Thousand
Experimental treatments height IeFr)\I t?\ Number of Number of  Grain Weight
cm (cr?l) spikelets/spike seeds/spike @
Jle 2018-19 yyrav-i1vaaA 102.2a 10.18a 18.16a 38.83a 45.62a
Year 2019-20 yvav-yvaa 102.9a 10.13a 18.35a 39.38a 45.19a
ol 85 No consumption & yae pus 99.85b 10.53a 18.79a 40.90a 45.20a
Manure Cow manure  g9l5 095 105.2a 9.781b 17.72b 37.31b 45.61a
No consumption & yae pus 99.92b 10.18a 18.30a 31.99d 45.85a
Zinc sulfate g, wlgu 104.9a 10.15a 18.14a 35.67c 45.29a
2 Potassium silicate  puwsly odow 99.33b 10.24a 18.30a 35.68bc 45.81a
‘2~ = Zinc nano oxide (g9 suwSTgil 104.9a 10.33a 18.16a 39.03b 45.07a
559 :q:;) Silicon Nano OXide  puwwdbow douSTgil 98.75b 10.06a 18.36a 39.03b 45.32a
oS wla % o

38 $9) Sllgas + ki Sl 1050a  10.09 18.25a 42542 4551a

TE Potassium silicate + zinc sulfate
.- 593 Il + ppally Sl 10258  10.23a 18.30a 42.46a 45.10a

. © Potassium silicate + zinc nano oxide

S 69050 + ol duSlol 1049a  10.05a 18.31a 4281a 45622

Silicon nano oxide + zinc sulfate
597451930 + ol S5 102.7ab  10.07a 18.20a 42.74a 45.08a

Silicon nano oxide + zinc nano oxide

Wil s oo iy el mha (o (55l pixe BN W3 (LSD) Sl sime B JBlas g05] elsl p ailie B> G L Loy Silo
Means with the same letter have no significant difference based on the LSD test at the 5% probability level.

—-% Jous axlsl
Table 6- Continued

ool elo Lo S50 0 ySlos o5 o ,Shos ails o ,Slos Cld ol
[ ATl

. Biological yield Straw yield grain yield harvest index
Experimental treatments (kg/ha) (kg/ha) (kg/ha> %)
Jlw 2018-19 yray-1vaA 12593a 8740a 3899a 31.13a
Year 2019-20 yrav-1vaa 12596a 8675a 3924a 31.17a
ol 895 No consumption & yae pus 12583a 8377b 4252a 33.97a
Manure Cow manure  g9l5 o5 12607a 9038a 3571b 28.34b
No consumption & yae pus 12212b 8622a 3590d 30.20a
Zinc sulfate (g5, wlguw 12501ab 8670a 3831c 30.60a
e Potassium silicate gy oSk 12585ab 8759a 3832c 30.44a
‘} = Zinc nano oxide (g, sl 12685ab 8792a 3893bc 30.69a
'?9 5 Silicon nano oxide  pwmwdbw JunS196 12475ab 8628a 3848bc 30.83a
55 $59) Sllgu + praly Slrlens 12675ab 8666a 4017ab 31.68a
TE Potassium silicate + zinc sulfate
i = 597 STl + slly Sl 12663ab 8801a 4029ab 31.95a
. & Potassium silicate + zinc nano oxide
S (8955 Mg + s deuSyl 12689ab 8712a 4018ab 31.75a
Silicon nano oxide + zinc sulfate
59735153 & ks dST530 12867a 8719 4148a 32.23a

Silicon nano oxide + zinc nano oxide

il o sy g Jleial w50 (55ls re B w36 (LSD) Slo ime 33z JBlas 03] ol arlie B> G L Lo nuSilo
Means with the same letter have no significant difference based on the LSD test at the 5% probability level.
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Table 7- Combined variance analysis of studied qualitative traits
A P | .
o ayo b il Wl 55, il &lgixo
Ol it 23l T &l . &0 g
SOV &3] . Seed zinc -
OV df Seedsilica  ¢oncentration  Seed protein
concentration content
Year Jlw 1 0.003" 14.69" 2.058"
Replication (year) (), S5 4 0.091 10.09 4.001
Manure oo 395 1 0.002" 1.270" 217.40™
Year x manure eolo 095 x Jlw 1 0.028" 4.356™ 0.001"
error s 4 0.181 16.80 1.271
Zinc and silicon el 9 695 8 0.582™ 77.96™ 37.67
Year x zinc and silicon o 9 (595 % Jlw 8 0.006" 3.520m™ 1.419™
Manure x zinc and silicon s 9 59y X (o0l0 g5 8 0.044"s 17.71m™ 3.437"
il 9 (59 X g_-?°|‘> 395 x JL"" 8 0.101™ 2.659m 0.155™
Year x manure x zinc and silicon
error s 64 0.109 19.96 1.626
C.V. (L) &l g5 gy - 17.05 10.96 10.82

Qoys S g i Jiol maw (o o g g )0 g pas i Sy **a* s
ns, * and **: non-significant and significant at the 5% and 1% probability levels, respectively.

Slye Jlos 99 Sl prmlins 5 695 00l Jl o ails (539 5 ki sl ile (0L aslin —A Jga
Table 8- Average comparison of concentrations of silica and zinc in seeds under the simple
effect of zinc and silicon for two consecutive years

&1 b cdalé ald g9, cdalé
Experimental treatments ool sl lows Seed silica oncentration  Seed zinc concentration
(%) (mg.kg)
Year Jle
2018-19 A-Iray 1.940a 40.39%
2019-20 931749 1.929a 41.13a
Manure sols 3g5
No consumption S o pis 1.930a 40.87a
Cow manure G905 1.938a 40.65a
Zinc and silicon fertilizers s 9 59 SO
No consumption S o pas 1.673c 37.81b
Zinc sulfate &89y oligw 1.681bc 40.61ab
Potassium silicate PO CZRCA TN oW 1.946ab 37.97b
Zinc nano oxide §9) STyl 1.666¢ 43.54a
Silicon nano oxide POV FUWIRIN 1 %1 2.183a 37.82b
$9) g + iy Sl 1.947ab 40.60ab
Potassium silicate + zinc sulfate
(59 S + sty Sl 1.950ab 4383
Potassium silicate + zinc nano oxide
595 SlIg + s o3l 2.181a 40.81ab
Silicon nano oxide + zinc sulfate
(59 STl ¥ ol Sl 2.181a 43.87a

Silicon nano oxide + zinc nano oxide

Al e oy gy Jeis] gl 50 (6o sine ST w3l (LSD) jlo cine s Jlas 5031 (bl p alie B> o b b Sileo
Means with the same letter have no significant difference based on the LSD test at the 5% probability level.
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Figure 1- The number of spikelets per spike under the interaction effect of year x manure x
zinc and silicon
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Figure 2- Grain yield under the interaction effect of manure x zinc and silicon

(U2 45 0,55LS) wild 3, Slos
(Grain yield (kg/ha

B No use of manure- _alssss Gpao pre B COW MaNUre - ¢4 548

16 - a ab ac
14 ] 4 o o

oSy

(%) &t (g 5
(%) Seedprotein

SV ks Vs Vb ¥l — 0l —Flas — Vol S Ay -k
Tl T2 T3 T4 TS~ T6 T7 T8 T9
Zincandsiliconfertilizers - b 9 59, W23

ks 9 (59, % (ald 055 blite S Cow ails iy (Sl — ¥ S
Figure 4- Seed protein content under the interaction effect of manure x zinc and silicon

Al o vy i el mhw jo (g s pme B 8L (LSD) o B JBlas a03] Gulusl p aslie B G L oy Silo
Means with the same letter have no significant difference based on the LSD test at the 5% probability level.

gy ilg + sl SlSeles F o ol 2S5 D lass 59) uSTEl ¥ o by Sl I oty g ¥ Jlosd frprliws 9 59y Bpae pas ) o

59381930 + rreas S50 A o g (59) M s + s 1S Tl A Jlad 109y ST+ prnslty Sl o
T1: No zinc and silicon consumption; T2: Zinc sulfate; T3: Potassium silicate; T4: Zinc nano oxide; T5: Silicon nano oxide;
T6: Potassium silicate + zinc sulfate; T7: Potassium silicate + zinc nano oxide; T8: Silicon nano oxide + zinc sulfate and T9:
Silicon nano oxide + zinc nano oxide.
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Abstract

The application of zinc and silicon elements improves the growth, yield and
nutritional value of seeds. The use of organic fertilizer can help to improve the yield and
nutritional value of seeds by improving the availability of nutrients. This study was
conducted with the aim of improving the quantity and quality of wheat grain in the
Faculty of Agriculture of Qaemshahr Islamic Azad University (Mazandaran-Northern
Iran) during the years 2018-2019 and 2019-2020. The experiment was carried out as a
split plot based on a randomized complete block design with 3 replications.
Experimental treatments included animal manure with 2 levels (cow manure and no-
consumption) as the main factor and the application of zinc and silicon elements (nano
and normal fertilizers) with 9 levels as secondary factors. The results showed that the
effect of year was not significant on any of the traits studied. The grain yield in the
treatment without the use of cow manure was 16% higher compared to the use of cow
manure, which was due to the increase in the numbers of spikelets and seeds in the
spike. The highest grain yield was obtained for the treatment without using cow manure
and with the use of zinc sulfate and the simultaneous use of potassium silicate and zinc
nano oxide (4394 and 4423 kg/ha, respectively). The highest concentration of zinc in
seeds was obtained by foliar spraying of zinc nano oxide, potassium silicate + zinc nano
oxide, and silicon and zinc nanoparticles. The maximum seed protein was obtained in
the treatment of cow manure application along with foliar spraying of zinc nano oxide,
silicon and zinc nanoparticles, and soil application of zinc sulfate. The use of zinc
sulfate alone or the combined use of potassium silicate + zinc nanooxide is suggested to
improve grain yield. The use of cow manure combined with each of the treatments of
zinc sulfate, zinc nanooxide, and silicon + zinc nanoparticles is recommended to
increase seed protein.

Key words: Wheat production potential, Crop rotation, Irrigation frequency,
Attainable yield, Nitrogen fertilizer consumption.
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