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Table 1- Atmospheric parameters recorded during the period of wheat growth (Source: General Meteorological Department
of Ardabil Province)

Bolo ERRT o3 (Silse T Olebs on o Caghy o Sika
Months Rainfall (mm) Temperature mean (°C) Total hours of sunshine Relative humidity mean (%)
e Oct 43.6 11.8 201.3 72
b Nov 9.7 11.7 166.5 64
1 Des 6.5 3 177.3 70
> Jan 16.5 4.6 165.4 67
oyoke FED 54.8 0.06 128.7 77
Ll MA 26.5 7 157.5 73

Crdy9,8 Apr 9.3 9 170.9 66
Cudg,l May 60.3 12.3 196.3 71
31,5 Jun 28.2 16.8 148.6 71

5 dul 3.9 215 344.2 60

sls 50 Aug 0.9 25.3 255.6 69
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Table 2- Farm soil physicochemical properties
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Soil  Saturated PH s Clay Silt Sand Organic i i i Zn
tructure
depth extract carbon N P K
(cm) mgkg™
0-30 49 7.8 ey Loam 14.4 23 42 35 0.62 0.06 8.29 202 18
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2- Max grain weight
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Table 3- Analysis of variance morphological and physiological traits under experimental factors

Ol o (wSSbe  Mean squares

S ol R sl . SS9
Ay G S A bl FIEE s, e
d.f Leaf area Chlorophylla  Chlorophyll b Chlorophyll Carotenoid Root dry volume
index weight
,1,$5 Replication 2 0.046 0.035 0.033 0.100 0.413 6.039 86.11
&)l Irrigation (1) 2 1.623" 0.99" 0.17™ 0.200" 2.805" 390.29™  5658.33"
s 355 Biofertilizer (B) 3 0.899™ 2.338" 0.445™ 4.778" 53.321" 208.917 103055
OsSakbwst Nano-Si (N-Si) 2 0.237” 0.540™ 0.050" 0.911™ 27.376" 460.77"  2275.00"
IxB 6 0.030" 0.522" 0.110™ 1.023™ 14.947" 19.035™ 225.00"
IXN-Si 4 0.018™ 0.264™ 0.013"™ 0.323" 10.097™ 142.97 137.50™
BxN-Si 6 0.034"™ 0.382" 0.064™ 0.746™ 5.739™ 21.86"™ 115.74"™
Ix Bx N-Si 12 0.023"™ 0.356™ 0.049™ 0.637™ 8.252™ 17.86"™ 33.79"
salejl olzsl Error 70 0.027 0.015 0.011 0.033 0.549 27.90 62.30
Sl ; 11.4 10.8 26.3 118 16.0 27.6 15.7
C.V (%)

ns, * and ** indicating non-significant and significant at 5 and 1 % level, respectively TN g0 o y3 5 gme gyl ne pé S0l s g e g % NS



YE++ 50 ) o)lowd N s (ol (S5 Slmbdgiy dpmis  4F

6 sbetl @l gl )3 (35Sl gil ¢ s (SB35 328 51 i (g 3Rhnwgid G055 (puSile mmzlo —£ Jga>
Table 4- Means comparison Photosynthetic pigments as affected of bio-fertilizer, nano silicon under irrigation withholding

condition
&bl Zglaw PRI a Judg 5 b Jidg k5 S5 didg s Mgy,
Irrigation Tre;;trr{e“nts Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid (mg.g°
levels (mg.gt FW?) (mg.gtFW?) (mg.gt FW? LEw
BoSo 1.30 0.52 1.34 351
B1So 1.19 0.52 1.70 5.59
B»So 1.43 0.59 1.99 5.82
B3Sy 1.31 0.42 1.67 4.20
BoS: 1.25 0.38 1.64 4.37
| B:S; 1.93 0.74 2.67 8.10
1 B,S; 1.94 0.73 2.78 9.50
B3S; 1.67 0.67 2.20 4.31
BoS> 1.14 0.30 1.23 3.67
B;S, 1.42 0.42 1.94 8.17
B,S, 2.04 0.93 2.87 9.89
B3S, 1.60 0.55 2.16 6.83
BoSo 0.85 0.36 1.22 2.49
B1So 0.99 0.43 1.58 4.23
B»Sy 1.20 0.50 1.77 421
B3S, 1.10 0.34 1.56 4,18
BoS: 1.08 0.36 1.17 2.16
| B:S; 1.12 0.35 1.48 4.24
2 B,S: 1.22 0.50 1.73 4.66
B3S; 1.07 0.36 1.23 4.61
BoS> 0.75 0.23 0.98 3.07
B:S, 1.23 0.47 1.61 4.13
B,S, 1.88 0.29 2.55 8.01
B3S, 1.14 0.37 1.68 5.14
BoSo 0.55 0.19 0.80 0.81
B1So 0.95 0.23 1.00 2.65
B»Sy 0.82 0.24 1.47 3.29
B3Sy 0.96 0.28 0.93 241
BoS: 0.63 0.32 0.95 2.88
| B.S; 0.85 0.25 1.02 4.16
3 B,S; 0.71 0.29 1.38 4.41
B3S; 0.85 0.23 1.10 3.85
BoS, 0.69 0.25 0.98 2.25
B.S, 0.86 0.30 0.85 3.31
B,S, 0.92 0.35 1.14 6.58
B3S, 0.75 0.33 1.40 4.56
LSD 0.38 0.17 0.48 1.58
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Table 5- Means comparison LAI, root weight and volume traits under experimental factors

s lol (s Lo
Experimental treatments

Leaf area index

4":".',) s s

Root dry weight (gr m?)

039

sy o

Root volume (cm™®)

Irrigation levels ¢l zohaw

Normal irrigation Jb, s, 2.81° 22.86% 63.33°%
Moderate water limitation b b b
TS 231 17.82 49.16
! mle Cadgie
Severe water limitation b
T s e 2.12° 16.67 38.33°
« BYS W) ;4{.)9.)&!»
Nano silicon (mg.I™) sSbusls
Control als 2.29° 16.81° 41.94°
30 (mg.I"Y) 2.56° 17.31° 51.11°
60 (mg.I™) 2.43° 23.24° 57.77°
Bio fertilizers _u.; lases
Non-inoculated sals 2.1¢ 16.39°° 41.48°
Mycorrhiza g, b gl 23° 22.70® 55.92 ¢
owliagig 5 oSt 6 plys 20,8 . o )
Both application of Flavobacterium and 2.52 17.56 51.48
pseudomonas
agSole b uligagrgw 5 oo pSLs X ply 3) . . o
Both application pseudomonas 2.81 18.81 52.22

and Flavobacterium with mycorrhiza

5,35 LSD (9051 ol by iy sllas Jloinl grbans 13 0085 b (g)l5 gime BMB] Jole g g2 ya 55 S e B> (o)l sl Silo

Means in each column and factors followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
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Table 6- Analysis of variance grain filling components and yield under experimental factors

Olay e (wSSke  Mean squares

3 abio Ayl as ) iy e R
:xsﬂoé:./ S fj ; >0 &b u.&.v-) ,.,g,-a,-sa Jeb W13 b gy b gt > u-‘“’_r.!. )Jgo-b)sb &l 5.1
o ' Grain _f||||ng Grain filling rate Effe.c“"e grain Grain yield
period filling period
,1,$5 Replication 2 1889.29 2.56 1.07 919674.88
<kl Irrigation (1) 2 18.92™ 462" 175.70" 10748405.21™
i 355 Biofertilizer (B) 3 6.36" 3.74” 74.03™ 7176908.25™
OsSelwssi Nano-Si (N-Si) 2 6.30 3.70” 65.48™ 5809863.99"
IxXB 6 2.33" 2.007" 7.83" 480148.99”
IXN-Si 4 11.18 6.95" 5.30" 76486.35™
BxN-Si 6 2,727 3.85" 17.78" 42499553
Ix Bx N-Si 12 1.98™ 3.29™ 573" 130796.09™
salejl olzsl Error 70 4.49 7.48 2.84 58836.63
Elyis a0 C.V (%) - 5.0 2.5 7.1 8.7

ns, * and ** indicating non-significant and significant at 5 and 1 % level, respectively
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Table 7- Means comparison grain filling components of wheat as affected of bio-fertilizer, nano silicon under irrigation
withholding condition

&olel gobw Solos S WIS b gy s s I O3 2 0590 J5b S Ok 1 g0 092
Irrigation levels Treatments Grain filling rate (mg.day™) Gra_ln filling . Eﬁectwg grain
) Period (day) filling period (day)
BoSo 2.31 34.56 26.59
B;So 2.46 35.25 25.47
B,So 2.31 35.40 28.67
B3So 2.75 36.01 28.85
BoS: 2.42 35.12 28.74
I B;S; 2.79 35.62 29.66
B,S; 2.96 36.21 29.81
BsS; 3.04 37.00 30.44
BoS; 2.73 34.79 25.46
B:S; 2.77 35.48 29.08
B.S; 2.80 35.62 28.36
BsS, 291 36.48 29.23
BoSo 2.53 31.38 23.99
B:So 2.77 32.26 25.58
B,So 2.79 32.70 26.25
B3So 2.83 34.92 26.80
BoS; 2.15 32.77 27.64
I, B;S; 2.59 34.93 28.05
B,S; 2.78 35.15 27.64
BsS; 2.97 34.44 28.63
BoS; 1.86 31.83 25.03
B,S, 2.13 32.49 27.90
B,S; 1.96 35.00 28.02
BsS; 2.07 35.33 26.41
BoSo 1.82 30.78 23.59
B:So 2.28 31.19 24.57
B,So 2.27 31.63 24.38
BsS, 2.56 31.86 24.96
BoS: 2.01 31.88 24.12
| B;S; 2.14 31.82 25.51
s B,S; 2.15 32.64 25.14
BsS; 2.18 34.47 26.80
BoS; 1.83 30.94 24.19
B;S, 2.05 31.40 24.97
B,S; 2.07 33.14 24.70
BsS, 2.36 32.08 26.40
LSD 1.00 0.62 1.60

6L 5 2,8 ply gl 5 S L gl @8 b el el pae i 5y B Bo By Bo sl b gyl 5 (2oeigs b )l o JolS (oilul s ila s o
0sSdeoglb 33 )3 25 (oo Fe 5 ¥+ aald 54 :S2 5 51 So

I, I, and l5: No stress, Mild stress Severe stress

Bo, By, B, and B;: Non-inoculated, Inoculated with Mycorrhiza, Inoculation with bacteria and Co-inoculation of Mycorrhiza and bacteria
So, Sy and S,: 0, 30 and 60 mg L silicon

.(Subra Manian et al., 2006) !>
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Figure 2- Effect of irrigation levels, bio-fertilizer and nano silicon on grain yield
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Introduction

Water limitation can damage pigments and plastids, reduce chlorophyll a, chlorophyll b, rate and grain filling
period. One approach to improve the water stress problem is the use of plant growth promoting rhizobacteria
(PGPR) and Mycorrhiza. The PGPR are a group of rhizosphere colonizing bacteria that produces substances to
increase the growth of plants, synthesize different phytohormones, including auxin, cytokinin, and gibberellin,
synthesize enzymes that can modulate plant growth and development. Arbuscular mycorrhizal fungi (AMF)
symbiosis is considered a valuable component in most agricultural systems due to their role in plant nutrition and
soil health. Silicon (Si) is considered as quasi-essential for plant growth and development, and alleviates toxic
effects caused by various environmental stresses in plants. So, it seems that application of nano silicon and bio-
fertilizer can improve wheat yield under water limitation conditions.

Materials and Methods

In order to study the effect of nano silicon and bio-fertilizer on yield and grain filling components of wheat in
different irrigation levels, a factorial experiment was conducted based on randomized complete block design
with three replications at the research farm of faculty of Agriculture and Natural Resources, University of
Mohaghegh Ardabili in during 2018-2019. The experimental factors were included irrigation in three levels (full
irrigation as control, moderate water limitation or irrigation withholding at 50% of heading stage; severe water
limitation or irrigation withholding at 50% of booting stage) based on codes 55 and 43 of the BBCH scale,
foliar application of nano silicon (foliar application with water as control, 30, and 60 mg L™) and bio-fertilizer

(no application as control, mycorrhiza application, both application of flavobacterium and pseudomonas, both
application of flavobacterium and pseudomonas with mycorrhiza). Mycorrhiza fungi (mosseae) was purchased
from the Zist Fanavar Turan corporation and soils were treated based on method of Gianinazzi et al. (2001).
Psedomunas and flovobacterium were isolated from the rhizospheres of wheat by Research Institute of Soil and
Water, Tehran, Iran. A two part linear model was used to quantifying the grain filling parameters. In this study,
total chlorophyll, chlorophyll a, b, carotenoid, grain filling components and yield of wheat were investigated.
Grain dry weight and number were used to calculate the average grain weight for each sample. Total duration of
grain filling was determined for each treatment combination by fitting a bilinear model:

a + bt, t <ty
W = {a + bt t>t,
Effective grain filling duration (EGFD) was calculated from the below equation:
EGFD = the highest grain weight (g)/rate of grain filling (g day™).

Results and Discussion

Means comparison showed that highest grain filling rate (3.04 mg day™), grain filling period (37 day),
effective grain filling period (30.44 day) and grain yield (4593 kg ha™) were obtained at foliar application of 30
mg L™ nano silicon, both application of flavobacterium and pseudomonas with mycorrhiza under normal
irrigation. Also, maximum of chlorophyll a, chlorophyll b, total chlorophyll and carotenoid content (2.04, 0.93,
2.87 and 9.89 mg g FW™ respectively) were obtained at foliar application of 60 mg L™ nano silicon in seed
inoculation with flavobacterium and pseudomonas under normal irrigation. Maximum of volume and root dry
weight were obtained at foliar application 60 mg L™ nano silicon and mycorrhiza application fungi under normal
irrigation. The highest leaf area index was obtained at both applications of flavobacterium and pseudomonas

1- PhD Student of Crop Plants Physiology, Department of Plant Production and Genetic Engineering, University of
Mohaghegh Ardabili

2- Professor, Department of Plant Production and Genetic Engineering, University of Mohaghegh Ardabili

3- Professor, Department of Plant Production and Genetic Engineering, Agricultural Sciences and Natural Resources
University of Khuzestan

4- PhD Crop Plants Physiology, Department of Plant Production and Genetic Engineering, university of Urmia

(*- Corresponding Author Email: Farnaz_ahmadi@rocketmail.com)



Ve pusS 4o O 530598 9 0,Sdos g S ) BT g (y5Suliwgil glacdale Syl Ko g o]

with mycorrhiza, foliar application 30 mg L™ nano silicon under normal irrigation.
Conclusions

Generally, it seems that application of bio-fertilizers and nano silicon can be recommended as appropriate

management factors for increasing grain yield and grain filling components of wheat under water limitation
conditions.
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