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Introduction

In arid and semi-arid regions, drought stress as the main factor and salinity stress as a secondary factor
decreases plant growth and yield. Water limitation can damage pigments and plastids, and reduce chlorophyll
index, rate, and grain filling period. Several strategies have been developed to decrease the toxic effects caused
by environmental stresses on plant growth. Among them, the use of bio-fertilizers such as plant growth-
promoting rhizobacteria (PGPR) and also nanoparticles such as nano iron-silicon oxide plays a very important
role in yield improvement. Inoculation of plants with native suitable microorganisms may decrease the
deleterious effects of environmental stresses and increase stress tolerance of plants by a variety of mechanisms,
including synthesis of phytohormones such as auxins, cytokinin, and gibberellins, solubilization of minerals like
phosphorus, production of siderophores and increase in nutrient uptake, N, fixation. It seems that application of
nanoparticles and biofertilizers can improve triticale yield under water limitation conditions.

Materials and Methods

To study the effects of bio-fertilizers and nano silicon-iron oxide on the quantitative yield and grain-filling
components of triticale under water limitation conditions, a factorial experiment was conducted based on
randomized complete block design with three replications at the research farm of the faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili during 2021. The experimental factors included irrigation
in three levels (full irrigation as control, irrigation withholding at 50% of the heading stage based on codes 43 of
the BBCH scale; irrigation withholding at 50% of the booting stage based on codes 55 of the BBCH scale), as
severe and moderate water limitation respectively, application of biofertilizers in four levels (no application of
biofertilizers as control, application of Azospirilum, Pseudomonas, both application Azospirilum and
Pseudomonas) and nanoparticles foliar application at four levels (foliar application with water as control, nano
iron oxide foliar application, nano silicon, both foliar application nano iron-silicon oxide). The strains and cell
densities of microorganisms used as PGPR in this experiment were 108 bacteria per milliliter (10® cfu.ml™). A
two-part linear model was used to quantify the grain-filling parameters. In this study, anthocyanin, flag leaf
protein, chlorophyll index, grain filling components, and yield of triticale were investigated. Chlorophyll Index
was calculated by a chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., Japan). Grain dry weight and
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number were used to calculate the average grain weight for each sample. The total duration of grain filling was
determined for each treatment combination by fitting a bilinear model:

GW:{a+bt t<to

a+btt=>to

Where GW is the grain dry weight; a, the GW-intercept; b, the slope of grain weight indicating grain filling
rate; t, the days after earring; and to, physiological maturity. The effective grain filling period (EGFD) was
calculated from the following equation:

EGFD = the highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

The results showed that the both application of biofertilizers and foliar application of nano iron-silicon oxide
in full irrigation, increased maximum grain weight (56.07%), grain filling period, and Effective grain filling
period (22.29 and 48.43% respectively), chlorophyll index (45.11%) and flag leaf protein (64.75%), plant height
(49.31%), number of grains per spike (70.58%), spike length (53.75%), 1000 grains weight (64.9%) and grain
yield (43.28%) in compared to no application of biofertilizers and no foliar application under severe water
limitation. Severe water limitation increased the content of anthocyanin, but the application of biofertilizers and
foliar application of nano silicon-iron oxide decreased its content.

Conclusion

Based on the results of this study, it seems that application of both applications of Azospirilum and
Pseudomonas and foliar application of nano iron-silicon oxide can be applied as a proper method for increasing
grain yield of triticale under water limitation conditions.
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Table 4- Analysis of variance of the effect of irrigation levels, biofertilizers, nano iron oxide, and nano silicon on the
anthocyanin and grain filling components of triticale

(Mean Square) il po  puSibo
ol ek olin R . 5 Sl OMip g g 90 093 8239° Jgb
S Nl ) ; ; ; pai o g5
Source of variation w3l Maximum grain 4l ails Al s Olwst ‘_
df weight Grainfilling  Effectivegrain  Grainfilling ~ Anthocyanin
rate filling period period
"_’“ ) 2 0.000308"" 0.0000063" 854.648™ 2580.512"" 0.8475™
Replication
) d{L‘*' 2 0.001314™ 0.00000001" 341.487™ 78.539™ 0.2049™
Irrigation (1)
) ‘_‘L’“’s 3 0.000553™ 0.00000002™ 122.163™ 81.864" 0.0958™
Bio fertilizers (B)
g bk , , - . -
Foliar application of 3 0.000173 0.00000001 32.332 36.011 0.0642
nanoparticles (N)
IxB 6 0.000024 0.00000001" 8.328 8.544 0.0027
IxN 6 0.000008™ 0.00000001" 3.825" 4.120™ 0.0022™
BxN 9 0.000019™ 0.00000001" 6.494™ 5.114" 0.0050™
IXBxN 18 0.000009™ 0.00000001" 4.883" 4.958™ 0.0027™
s Error 94 0.0000045 0.00000000 1.52 2.22 0.00081
(4) a5 a2 ; 43 28 4.4 41 43

CV (%)

Woyd S5 g gy Jless ! o )0 5 gz g I xe e S 54y w4 % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 5- Analysis of variance of the effect of irrigation levels, biofertilizers, nano iron oxide, and nano silicon on chlorophyll
index, yield, and yield components of triticale

4, (Mean square) el yo oyl
S5l o o ls . .
13 &3 LR HARIKEY
_ . J )9 J
i alia - Sx Jedg b5 s L ‘J’% Sp ey
Source of variation @2y  Chlorophyll 1000 Number of i Plant T
= index ) ! Spike heiaht Grain yield
ag Grains grains per lenath elg
leaf weight spike g
protein
)'_’“ ) 2 455667 112245  3840.007  1267.007  83.736" 1522056  9294.906"
Replication
) d{"f' 2 626217 726.92™  1037.18" 1133257  23.1067 2267597 52308.475"
Irrigation (1)
) @“‘*{‘_‘m?{ 3 513127 602.25™ 619.34™ 612.80" 105717  1296.91™  5558.409™
Bio Fertilizers (B)
39l (ol Jsbee " " " " " - -
nanoparticles (N)
IxB 6 0.948™ 6.44"™ 22137 31.52" 0.541"™ 13253  2324.678"
IxN 6 0.468™ 17.44" 5.53" 9.73™ 0.179"™ 22.03"™ 1610.903"
BxN 9 0.660" 22.15™ 13.98™ 14.38™ 0.641 27.67™ 2495.992™
IxBxN 18 0.518" 13.85" 7.91 9.76" 0.508" 25.90" 2383.894™
s Error 94 0.295 8.19 4.49 5.70 0.301 14.92 764.00
() Sl e - 4.8 5.2 47 5.1 4.6 43 5.1
CV (%)

o> S5 g gy Jlein] e (3 Jl me g )b xe g s Wi g % NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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OBl )les S 5 (il A5 )9l g )0 (e rte
9 ) s3gS 3,)8 pae bl s 4 s by 3 Slas ZFY/YA
392 )layg Sy idy BILE alspo b gylol 13 g (bl Jslne pac
Sl 5, Shas sl 5l b &l 5 Shes &8 Sl 51V Jgas)
Sy WU o Slas opl jb pxe iul38l Ay o il ol
Bhdsdoe 9 (s LaagS plss 3l (oS ylul ssles
Sl 4o (Y Jois) sl oads aild 3 Slos yiol38l Carge il 3930
9 sy Ay lgi g0 1y aild 3, Sles gy Wl 5l iy K00
Glal el 13 a5 g p s Cans Wl i 0y Jobo
AIA_’;) O‘" 9 g,\Jli L)“"‘)J‘ &l oy 059 J}lp 9 & pw cJAK
g ool alad Lalyd (5 g ails 5,Sdes 9 4l 59 iuliEl coge
S e 3V Jgi2) Sy lS 535 33 Y (oIS (5l
I i g e b D36 (Bl Sl 5 () sladsS

iles cpogi 1) 5 Slas il 39l

2 Lagl G 4 a2 b gdkogyy polis 2,08 sy oo sliiey
>R ek g Fawgd d9g S rdaw plgs ial3al ey st
Movahedy Dehnavy & Modarres ) 45ls 4 (s juiwgid dlgo
Jdoans alyd 9 JSis 4 0,058 43 05540 (Sanavy, 2009
Sl o g L 3 okl 398 CublB 5 2 sy 3
2ge S Frwgid Ay iy JU] g 03 p U B 5l
Narimani et al., ) ,Ken g Jlosyi 395 &l 50 459 Lil38l
pS 1A (b glore byl y> alius (o by sl iol381 (2018
GRS bl o lomo cigs Lyl & o ] 1S5 120
150405 Ll (Epstein & Bloom, 2005) pols 5y 2153
059 ediw pd asb sl ioli 8l conge o il plul & 5 s
OHlSKen g 2B g b o paiS Wb > Slas Colys pd g dibylia
OsSwew aS" aisly bl (Fallah, Visperas, & Alejar, 2004)
dodiuw ol g dliw o wib ol Sid (55 Bl Gials g,
Sl Gisliel ]y g0y dliw jo
()l )les oS 5 3l a8 ol plis gl 1ild 3 Slas
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Table 6- Means comparison of the effect of irrigation levels, biofertilizers, nano iron oxide, and nano silicon on the
anthocyanin and grain-filling components of triticale

: 039 P51 Oy P90 0593 505 Job
UL L B SN R e
Treatments 4 Maximum rain filling rate Effective grain Grain fillin The equation is fitted

(Mg.g F.W) grain weight (9.day™) filling period 0d (d g
@ (day) period (day)

loXBoXxNg 0.502 0.0496 0.00180 28.13 37.00 y=0.0018x-0.0172
1o0XB1XNp 0.543 0.0532 0.00183 29.45 37.47 y=0.00183x-0.0179
loxB2%xNg 0.527 0.0508 0.00183 28.29 36.93 y=0.00183x-0.0175
loxB3xNg 0.526 0.0543 0.00182 30.33 37.79 y=0.00182x-0.0181
1oXBoXNy 0.559 0.0448 0.00183 25.04 34.21 y=0.00183x-0.0185
loxB1xNy 0.565 0.0566 0.00186 31.07 37.78 y=0.00186x-0.0156
loXB2xNy 0.539 0.0582 0.00182 32.63 35.66 y=0.00182x-0.0161
1oXB3XxNy 0.726 0.0590 0.00179 33.65 40.36 y=0.00179x-0.0165
loxBoxN; 0.535 0.0486 0.00178 27.88 36.80 y=0.00178x-0.0169
loxB1xN; 0.624 0.0581 0.0019 31.17 36.08 y=0.0019x-0.016

10XB>%N, 0.591 0.0570 0.00180 32.31 40.49 y=0.00180x-0.0158
loxB3xN; 0.743 0.0589 0.00185 32.64 38.28 y=0.00185x-0.0194
loXBoxN3 0.543 0.0545 0.00180 30.86 38.31 y=0.00180x-0.0181
1oXB1XN3 0.612 0.0594 0.00186 32.57 40.73 y=0.00186x-0.0165
loxB2xN3 0.686 0.0586 0.00183 32.66 40.73 y=0.00183x-0.0162
loxB3xN3 0.730 0.0604 0.00203 30.39 40.06 y=0.00203x-0.0197
1:XBoXNo 0.574 0.0439 0.00183 24.54 34.10 y=0.00183x-0.0186
1;xB1xNg 0.602 0.0452 0.00181 25.53 34.33 y=0.00181x-0.0188
1;xB>%xNg 0.601 0.0460 0.00186 25.27 34.49 y=0.00186x-0.019
1:XB3XNg 0.638 0.0491 0.00179 28.02 36.51 y=0.00179x-0.0172
1;xBoxNy 0.582 0.0443 0.00183 24.79 34.07 y=0.00183x-0.0186
1;xB1xNy 0.709 0.0501 0.00181 28.26 34.29 y=0.00181x-0.0174
1:XB>xNy 0.712 0.0526 0.00185 28.99 37.69 y=0.00185x-0.0177
1:XB3xN; 0.697 0.0556 0.00184 30.71 37.75 0.00184x-0.0154

1;1xBoxN; 0.611 0.0454 0.00186 24.96 34.32 y=0.00186x-0.019
1:XB1xN, 0.702 0.0491 0.00182 27.32 36.29 y=0.00182x-0.0174
1;xB,xN; 0.661 0.0503 0.00182 28.24 37.14 y=0.00182x-0.0175
1;xB3xN; 0.762 0.0564 0.00193 29.89 40.50 y=0.00193x-0.0155
1;xBoxN3 0.654 0.0477 0.00177 27.55 36.48 y=0.00177x-0.0169
1;xB1xN3 0.698 0.0515 0.00183 28.71 37.57 y=0.00183x-0.0176
1;xB,xN3 0.720 0.0508 0.00181 28.59 39.12 y=0.00181x-0.018
1:XB3xN3 0.754 0.0575 0.00185 31.60 38.03 y=0.00185x-0.0187
1,XBoXNo 0.646 0.0387 0.00165 24.00 32.77 y=0.00165x-0.0172
1,xB1xNg 0.677 0.0420 0.00179 24.13 34.46 y=0.00179x-0.015
1,XB>X%Ng 0.693 0.0429 0.00180 24.27 34.20 y=0.00180x-0.0182
1,xB3xNg 0.723 0.0483 0.00183 26.92 38.95 y=0.00183x-0.0172
1,xBoxNy 0.667 0.0399 0.00175 23.35 32.91 y=0.00175x-0.0179
1,xB1xNy 0.757 0.0415 0.00180 23.64 36.77 y=0.00180x-0.0185
1,xB,xNy 0.737 0.0459 0.00187 25.08 34.38 y=0.00187x-0.0192
1,xB3xNy 0.804 0.0482 0.00178 27.64 36.55 y=0.00178x-0.0171
1,XBoxN, 0.641 0.0403 0.00182 22.72 32.96 y=0.00182x-0.018
1,xB1xN, 0.720 0.0469 0.00184 29.67 35.57 y=0.00184x-0.0188
1,xB,>xN; 0.740 0.0409 0.00184 23.32 35.54 y=0.00184x-0.0183
1,XB3xN, 0.790 0.0521 0.00179 24.32 38.57 y=0.00179x-0.0171
1,XBoxN3 0.682 0.0420 0.00185 26.42 33.37 y=0.00185x-0.0184
1,xB1xN3 0.759 0.0432 0.00182 24.32 38.44 y=0.00182x-0.0186
1,XB,xN3 0.789 0.0470 0.00182 26.42 34.66 y=0.00182x-0.0196
1,XB3xN3 0.817 0.0551 0.0019 29.59 38.22 y=0.0019x-0.0182

LSD 0.045 0.0034 0.0001 1.99 241 -

‘uub‘}op;w bﬁ)lf oy Lng)ﬁ J).g)lf [RCREWINEY Bg 9 Bz ‘Bl ‘BO > Sﬁ GMe £ 9 alow )9@:]5 4.1>)n el d)L‘-"‘ c.las ‘J,olf LS')L.‘.%] o Py |2 9 |1 (lo
055ebwogil (Bl Jglore 5 ol 3081l (3l Jglre (Bl Jglre pas oiar Ny g No N1 dNo pouls yrogl 9 ligagose plys 3,08 5 poals yogl )8
35,5 oo L LSD O}A}'“ ool gyl gize &bl M| o5 2 50 dlie Bgys b gl Sk
lo, 11, and I, indicate full irrigation, irrigation withholding at the heading, and booting stage respectively. By, By, B, and B; are no
application of biofertilizers, application of pseudomonas, azosprilium, both application azosprilium and pseudomonas. N, N; and N,

are no foliar applications, nano iron oxide foliar applications, nano silicon foliar applications, and nano iron-silicon foliar
applications. Means with similar letters in each column are not significantly different based on the LSD test.
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Table 7- Means comparison of the effect of irrigation levels, biofertilizers, nano iron oxide and nano silicon on chlorophyll
index, yield and yield components of triticale

o i 3 41> dlaxi .
sosy el pasls FOEI s 15 i alidow ks Jgt g el &1y 5 Slos
Sslond S ey : : Spike i invi
Treatments Chlorophyll v 1000 Grains Number of lenath Plant height ~ Grain yleld
Flag leaf : 9 2
index 9 weight (g) grains per (cm) (g.m”)
protein (%) spike (cm)
loxBoxNo 53.90 10.68 42.85 45.33 11.58 88.75 528.80
loxB1xNo 57.36 12.09 46.03 50 12.06 91.85 564.58
1oXB2xNo 57.46 11.81 47.28 48.33 12.13 93.40 539.35
loxB3xNo 61.63 13.22 48.27 51 12.00 87.47 570.10
loXBoxNy 55.13 10.96 4457 47.33 11.76 92.45 550.25
loxB1xNy 60.13 12.37 51.07 52 12.96 97.25 586.00
10XB2x Ny 57.56 12.37 48.15 55.33 13.16 100.60 578.55
loXB3xNy 63.00 14.07 54.65 56.66 12.68 96.80 588.81
loxBoxN2 50.93 11.25 45.65 48.33 11.91 90.10 562.56
loxB1XN> 54.93 12.66 54.61 54 12.80 99.25 566.10
loxB2xN2 61.00 12.94 49.54 47.66 12.76 98.56 583.15
loXB3xN, 62.83 13.78 53.45 56 13.56 102.30 593.76
loXBoxNs 55.36 11.25 49.23 52 12.16 93.60 573.30
loXB1xN3 63.23 13.78 53.32 56.66 13.36 102.50 596.96
loXB2xN3 62.33 13.50 52.43 56 13.26 101.50 590.43
loxB3xN3 64.23 14.35 55.97 58 14.76 103.25 604.73
11XBoxNo 46.10 9.55 35.32 37.33 10.86 76.25 470.73
11xB1xNo 46.83 10.12 37.24 38.66 10.96 80.55 491.40
11xB2xNo 50.43 9.55 40.27 42.33 11.06 83.10 501.30
11XB3xNo 59.66 12.66 42.19 44.66 11.71 94.35 507.80
11XBoxNy 48.96 9.55 36.56 38.33 10.96 78.35 488.30
11XB1xNy 53.10 10.96 44.31 41.33 11.21 87.15 526.68
11XB2xNy 55.76 10.40 43.57 49.33 11.26 85.43 520.01
11XB3xNy 60.70 11.89 51.29 53.33 12.83 99 554.85
11XBoxN> 52.13 9.84 37.56 39.66 11.08 81.42 496.16
11XB1XN> 52.16 11.53 39.21 46.33 11.96 88.13 523.48
11XB2xN; 54.20 10.68 45.46 47.33 11.56 88.58 532.96
11XB3xN> 56.10 13.22 52.09 54.33 12.40 99.75 546.30
11XBoxN3 48.73 9.84 41.56 44.33 11.76 82.50 515.08
11XB1xN3 56.86 12.09 48.34 50.66 11.16 91.85 563.11
1,XB2%N3 57.96 11.81 50.12 52.33 12.06 96.50 535.76
1,xB3xN3 61.86 13.50 52.76 55.33 13.16 100.65 575.98
15%BoxNo 44.26 8.71 33.94 34 9.60 69.15 422.05
1:xB1XNo 45.76 9.27 36.12 38 10.91 79.40 450.71
12xB2xNo 48.06 9.84 35.76 36.66 11.48 72.15 435.86
12xB3xNo 49.50 10.12 40.41 42.66 10.76 83.48 454.78
12XBoxNy 45.03 8.99 34.08 35.66 10.46 71.45 439.41
13xB1xNy 50.96 10.04 39.35 43.33 11.35 86.20 480.10
15XB2xNy 50.20 10.40 41.32 39.66 11.48 81.65 463.06
15XB3x Ny 57.16 12.66 47.86 50.66 12.06 94.30 493.33
1;xBoxN, 50.36 8.99 34.18 41 11.31 73.65 444.68
12xB1XN2 47.26 10.40 43.09 41 11.18 74.90 466.28
12XB2xN> 51.36 10.12 41.85 43.66 11.11 86.35 475.38
1;xB3xN, 59.00 11.81 46.37 49 12.21 90.82 511.38
15XBoxN3 46.50 9.27 38.42 40.33 11.61 77.28 458.26
12xB1xXN3 55.36 10.40 43.54 46 11.98 89.24 489.55
12xB2xN3 56.36 11.53 44.89 46.66 11.70 92.50 504.51
15XB3X N3 60.50 12.66 50.32 53 12.80 98 542.71
LSD 4.64 0.881 343 3.87 0.889 6.26 18.15
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lo, 11, and I, indicate full irrigation, irrigation withholding at the heading, and booting stage respectively. By, By, B, and B; are no
application of biofertilizers, application of pseudomonas, azosprilium, both application azosprilium and pseudomonas. N, N; and N,

are no foliar applications, nano iron oxide foliar applications, nano silicon foliar applications, and nano iron-silicon foliar
applications. Means with similar letters in each column are not significantly different based on the LSD test.
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Figure 1- The effect of irrigation levels, biofertilizers, and nano iron- silicon oxide on grain filling of triticale
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