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Table 1. Meteorological parameters recorded during wheat growth period

Month Rainfall (mm) Average temperature (°C) Total sunshine (h) Average relative humidity (%)
Oct 43.6 11.8 201.3 72
Nov 9.7 11.7 166.5 64
Des 6.5 3 177.3 70
Jan 16.5 4.6 165.4 67
Feb 54.8 0.06 128.7 77
MA 26.5 7 157.5 73
Apr 9.3 9 170.9 66
May 60.3 12.3 196.3 71
Jun 28.2 16.8 148.6 71
Jul 3.9 21.5 344.2 60
Aug 0.9 25.3 255.6 69
Reference: Meteorological organization of Ardabil province (http://www.ardebilmet.ir/).
bl acyi0 S leonds 5 (58 slo Sy -V Jgox
Table 2. Soil physicochemical properties of the experimental field
Saturated extract pH CaCO3 Clay Silt Sand Soil texture Organic carbon N P K Zn
(Percent) (ppm)
49 7.8 14.4 23 42 35 Loam 0.62 0.06 829 202 1.8
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Table 3. Analysis of variance of yield and biochemical traits affected by bio-fertilizer and nano-silicon under
irrigation cut-off conditions

Mean squares

f;)r‘:;fﬁ) gi df CAT  POD  PPO  Proline  SS SP GY MDH  H0»
Replication 2 16.31 132.82  120.24 19.51  238.49 4.32 919674.88  0.000016 0.00334
Irrigation (I) 2 4037.59" 8669.13" 4197.31" 250.75™ 4932.47"" 144.66™ 10748405.21" 0.1117*" 0.00108™
Biofertilizer (B) 3 3884.72" 2251.43* 2313.23" 42.18"* 2594.96™ 236.90"* 7176908.25" 0.000402** 0.1707"*
Nanosilicon (N) 2 364.78™ 1042.82" 2324.68™ 58.26™ 993.14™ 83.67"" 5809863.99" 0.000165™ 0.0393™
IxB 6 150.12™ 122.76™ 44347 245" 336.19" 1.19™  480148.99" 0.000024™ 0.2214™
IxN 4 4240™ 117.60™ 555.05 4.89™ 22593 3.02™  76486.35™ 0.000018™ 0.1187 "
BxN 6 10728 47.68" 24971 1.12™ 181.14™ 239" 42499553 0.000018™ 0.0555"
Ix Bx N 12 79.38™ 51.10™ 183.14" 2.39™ 127.84™ 846™ 130796.09™ 0.000020" 0.0948"
Error 70  30.57 20.29 79.05 20.05 20.05 6.07 58836.63 0.000028 0.00817

CV (%) - 1174 4.84 1476 1740 1275  13.76 8.74 6.67 6.27

s * and *: Not-significant and significant at 5% and 1% probability levels, respectively.

T: The studied traits are: CAT, catalase; POD, peroxidase; PPO, polyphenol oxidase; SS, soluble sugar; SP, soluble

protein; GY, grain yield; MDH, malondialdehyde.
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Table 4. Comparison of means of wheat biochemical characteristics affected by bio-fertilizer and nano-silicon
under irrigation cut-off conditions

. Polyphenol oxidase Soluble sugar H,0,
Treatment’ Catalase Peroxidase ( ODyﬁ & Protein/min) (mg/ @ FV%’) (umol/ g FW)

1;So Bo 20.514 65.74 41.931 24.97™ 0.276 M
1;So By 28.22 70.79% 47.708h 28.73ikIm 0.293
1;So B> 30.04» 71.80™ 44 .92i 27.11%m 0.276 1
1;So B3 42 .14Imn 78.43m°par 53.25%hi 27.00'™ 0.246 ™
I;S: Bo 35.52mnop 74.22" 47.88¢hi 27.54xm 0.294 i
I;S; B 29.73? 77.97p4 52.94/eh 35.18ehik 0.238 ™
I;S: B, 35.31"p 76.549 54.68°"ehii 27.94xm 0.233 mne
I,S: B; 40.67Kimno 86.19%m 54.95¢fehii 33.56hik 0.226 ™
I;S; By 43 2giikimn 78.13°pa" 47.22¢hi 27.23km 0.2724
I;S; By 43,32ikimn 85.43kImmo 54.00"" 31.28ikim 0.256 'm
I;S; B, 32.57°° 84.077kImnop 55.19¢fehii 26.39'm 0.222 ™
I,S; B3 39.81Xmno 91.381k 52.78"ehi 32.76hikim 0.211°
1,So Bo 35.86mmo 75.859 45.73hi 27.97xm 0.350 b
LSy B; 39.2(Q!mne 79.12mnopar 53.77"%hi 25.81'm (0.335 bedefe
1,So B> 35.85°P 85.4 1Ko 49 35¢hi 26.99'™ 0.33( odefehi
LSy B3 58.520%f 96.66" 55.87¢ehii 38.34fehi 0.316 &hi
IS Bo 39.12!mno 82.99!mnopq 48.02¢hi 36.90¢hi 0.332 bedefgh
LS| B; 41 .24imno 96.47%M 57.92defehi 31.19ikm 0.313 ¢hi
LS B, 4(.51Kimno 85.75K!mn 59.14dfehi 27.62Km 0.310 ehil
LS B; 60.13¢%4 108.86% 64.01%f 48.794 0.306 1
IS, By 48 .27¢hiik 91.3ghik 51.171%hi 29.14iIm 0.329 odefehi
LS, By 52.71¢h 106.65%% 60.40%fe 38.63¢fehi 0.310 hi
.S, B, 44 3gehijkim 87.15¢ 60.46%feh 33.09hiikim 0.315 ehii
IS, B3 57.34%f 100.39°' 60.149%feh 46.36%f (0.33] cdefen
13S0 Bo 44 75¢hiK! 88.48 56.74°fh 40.90%"eh 0.401*
1Sy By 50.23ehii 103.02%f 56.69¢fehi 45 .83df 0.349 bed
13So B2 50.04¢hi 97.01%M 57.56%"ehi 42.16%" 0.350 b
1S B3 64.91b<d 119.34% 71.37¢ 47.81¢ 0.334 bedefgh
I3S: By 44 (2ghiikmn 08.69" 58.02d¢fehi 43.05%e 0.345 bede
IS By 53.39¢fe 112.30% 92.91° 45 479%f 0.345 bede
IS: B, 51.28¢feh 117.86° 61.57%f 46.51% 0.32] cfeni
IS B; 94.99* 128.49* 115.94* 94.56* 0.325 defehi
15S; By 68.92% 95.47¢hi 60.03d%feh 47.814 0.356°
15S, B 68.94 116.42° 82.17% 66.29°¢ 0.34] bedef
15S; B, 60.28%% 107.66%% 69.07°% 48.38¢ 0.324 feni
15S, B; 71.88° 126.69* 111.77* 83.12° 0.319 fehi

Means followed by similar letter (s) in each column are not significantly different by LSD test at 5% probability level.
. The studied factors are: I, I, and I, irrigation levels (No-stress, mild stress and severe stress, respectively); So, Si and
S», nano-silicon levels (0, 30 and 60 mg L™, respectively); Bo, B1, B and B, bio-fertilizer levels (non-inoculated, inoculated
with Mycorrhiza, inoculation with bacteria and Co-inoculation of Mycorrhiza and bacteria.
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Table 5. Effect of bio-fertilizer and nano-silicon on proline, soluble protein and MDA of wheat under irrigation cut-

off conditions
Treatment Proline Soluble protein Malondialdehyde
(ug/g FW) (mg/g FW) (pmol/g FW)
Irrigation Normal irrigation 5.84°¢ 19.84 2 0.0728 ©
Moderate stress 7.32° 18.01° 0.0791°
Severe stress 10.97 * 15.84 ¢ 0.0842 *
Nano-silicon (mg/L) Control 7.16° 16.57° 0.0807?
30 7.47° 17.56° 0.0790 #
60 9.50* 19.56 ¢ 0.0760°®
Bio-fertilizer Non-inoculated 6.72°¢ 14.82 ¢ 0.0844
Mycorrhiza 7.61° 16.84° 0.0775°
PGPR 8.15" 18.06° 0.0774 "
PGPR with Mycorrhiza 9.70° 21.86° 0.0756 °

Means followed by the similar letter in each column are not significantly different by LSD test at 5% probability level.
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Figure 1. Effect of irrigation levels, bio-fertilizer and nano silicon on wheat grain yield. PGPR, plant growth
promoting rhizobacteria and control, 30 and 60, concentrations of 0, 30 and 60 mg/L nano-silicon, respectively.
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Abstract

To study the effect of water limitation and application of bio-fertilizer and nanosilicon on yield and
some biochemical characteristics of wheat, a factorial experiment was carried out in a randomized
complete block design with three replications in the research field of Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili, Ardabil, Iran, in 2018-2019. Experimental factors were
included irrigation in three levels (full irrigation as control and irrigation cut-off at 50% of booting and
heading stages, based on codes 55 and 43 of the BBCH scale, as moderate and severe water limitation,
respectively,), foliar application of nano-silicon (water spraying as control, 30 mg/L or 22.5 mg/m* and
60 mg/L or 45 mg/m’ nano-silicon) and bio-fertilizer (no application as control, application of
mycorrhiza (Glomus mosseae), application of flavobacterium + pseudomonas strain 186, combined
application of mycorrhiza and flavobacterium + pseudomonas). The results showed that the highest
antioxidant enzymes activity and soluble sugars were obtained by combined application of bio-fertilizers
and foliar application of 30 mg/L nano-silicon under the condition of irrigation limitation at booting
stage. Under full irrigation condition and non-application of bio-fertilizers and nano-silicon, the activity
of catalase, peroxidase and polyphenol oxidase enzymes and soluble sugar content decreased 78, 49, 64
and 74 percent, respectively, compared to severe water limitation at booting stage and combined
application of bio-fertilizers and 30 mg/L nano-silicon. Maximum proline content was also obtained by
foliar application of 60 mg/L nano-silicon (9.50 pg/g FW) and combined application of bio-fertilizers
(9.70 ug/g FW) under severe stress conditions (10.97 pg g Fw'). Hydrogen peroxide (H,O») content
under severe water limitation at booting stage and non-application of bio-fertilizers and nano-silicon
was 90% higher than the application of 60 mg/L nano-silicon and combined application of bio-fertilizers
under full irrigation condition. The highest grain yield (4593 kg/ha) was obtained from the foliar
application of 30 mg/L nano-silicon and combined application of bio-fertilizers under full irrigation
conditions. The results of current study showed that the combined application of bio-fertilizers and nano-
silicon can increase wheat grain yield under water limitation conditions by improving plant biochemical
characteristics.
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