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Extended abstract

Introduction

Drought is assumed as one of the most severe abiotic stress factors limiting plant growth and crop
production. Drought stress hurts plant growth and productivity which can affect biochemical and
physiological responses such as changes in contribution of stem assimilates to grain, current
photosynthesis, yield and yield components. Using rhizosphere microorganisms (such as beneficial
bacteria and mycorrhiza) (Dimkpa et al. 2009) and application of silicon are an alternative strategy that
can improve plant performance under stress environments and, consequently, enhance plant growth
through different mechanisms. Thererfore, it seems that application of nano silicon and bio-fertilizers
can improve wheat yield under water limitation conditions.

Materials and methods

In order to study the effect of bio-fertilizers and foliar application of nano-silicon on the contribution of
dry matter remobilization and current photosynthesis in grain yield of wheat under irrigation
withholding conditions, a factorial experiment was carried out with three replications at the research
farm faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili during 2018-2019.
The area is 38° 15’ N latitude, 48° 15’ E longitude, and 1350 m above mean sea level. Climatically, the
area is situated in the semi-arid temperate zone with a cold winter and moderate summer. Factors were
included irrigation in three levels (full irrigation as control; moderate water limitation or withholding
irrigation at 50% of the heading stage; severe water limitation or withholding irrigation at 50% of the
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. For inoculation, seeds were coated with gum Arabic as an adhesive and
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rolled into the suspension of bacteria until uniformly coated. The strains and cell densities of
microorganisms used as PGPR in this experiment were 1x108 colony forming units (CFU). In this study,
morphological traits, leaf area index, total biomass, dry matter remobilization from shoot and stem,
contribution of stem assimilates to grain, contribution current photosynthesis in grain, yield and grain
yield components of wheat were investigated. Analysis of variance and mean comparisons were
performed using SAS version 9.1 computer software packages. The main effects and interactions were
tested using the least significant difference (LSD) test at the 0.05 probability level.

Results and discussion

The results showed that both application of mycorrhiza with flavobacterium and pseudomonas under
full irrigation conditions decreased the contribution of dry matter remobilization from shoot (27.33%)
and stem (17.70%) in grain yield, but increased the current photosynthesis (305.10 g.m2) and
Contribution Current photosynthesis in grain (72.66%). Also, maximum of grain yield (4593 kg.ha)
and harvest index (38.4%) were obtained with the application of both bio-fertilizers and foliar
application of 30 mg.I"* nano-silicon under normal irrigation. Maximum leaf area index, total biomass,
and yield components were obtained with the combined application of bio-fertilizers and 60 mg.L!
nano-silicon under full irrigation conditions.

Conclusion
Based on the results of this study, it seems that the application of bio-fertilizers and nano-silicon can be

a suitable management factor to increase grain yield of wheat under water limitation.

Keywords: Biological fertilizers, Economic yield, Nanotechnology, Redistribution, Water restriction
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Table 1. Atmospheric parameters recorded during the period of wheat growth (Source: General

Meteorological Department of Ardabil Province)
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Months 2olo Rainfall Temperature mean sunshine mean

mm °C %
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Table 2. Farm soil physicochemical characterstics
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7_Stem Dry Matter at Anthesis

8.Stem Dry Matter at Maturity

9-Contribution of Stem Assimilates to Grain
10_Current photosynthesis

!_Contribution Current photosynthesis in grain
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4_Contribution of Dry Matter Assimilates to Grain
3-Grain Yield

6-Stem Dry Matter Translocation
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Table 3. Analysis of variance (Mean squares) in the leaf area index of wheat as affected by experimental factors

a0 Sampling steps (day after (CoblS 51 s 39,) 5,10 pdiges Jolp0

sl planting)
S.0.V JOVES P TN af 165 175 185 195 205 215
Replication By 2 0.0006 0.02 0.003 0.005 487 277
Irrigation (I) &kl 2 4.66™ 4547 9717 13.08" 12.76™ 18.31™ 8.01"
Biofertilizer (B) S 3 355 3 2,017 1.72" 231" 197" 1.92™ 0.92" 0.68"
Nano-Si (Si) 095w il 2 0.34™ 0257 0.177 0.45™ 0.95" 0.957 0.060™
BxI S TX iy 3095 6 0.07" 0.05° 0.10™ 0.16™ 0.13™ 0.16"™ 021"
SixI GolalX ek 4 0.14™ 0.031 0.05™ 0.03™ 0.05" 133" 0.11"
SixB (S 3395 (Sl 6 0.016° 0.011 0.016™ 0.007 0.04™ 0.02 0.021%
Six BxI GoX G 305X (S 12 0.018™ 0.032"" 0.015™ 0.028™ 0.016™ 0.100™ 0.034™"
Error wmloiTobacsl 70 0.0066 0.020 0.0052 0.0058 0.006 0.018 0.0078
C.V (%) Ol g 6 - 925 387 339 315 742 6.36

TN 50 v 5o sl g by o i 4 s g

* and ** indicate significant at 0.05 and 0.01 probability levels, respectively
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Table 4. Slicing of triple effects of effects irrigationxbio-fertilizersx nano-sislicon on leaf area index

Df Sampling steps (day after planting) (clS' 51 s 39,) ()10 pdiges Jol 0
ey
Irrigation levels Sl zobaw ool 155 165 175 185 195 205 215
Full irrigation Jo5 g5l 11 0.34™ 0.16™ 0.36" 0.32" 0.42"* 0.63" 0.31™
Moderate stress Mo 5 11 0.24™ 0.32" 0.27" 0.35™ 031" 0.38" 0.07*
severe stress wad i 11 0117 0.11* 0.13™ 0.08™ 0.09™ 0.10™ 0.01"

* and ** indicate significant at 0.05 and 0.01 probability levels, respectively

TN 5 0 s 0 (5)l3 gre Kb oo 4

S Sy b (3L 5 (39Sl gl x (s 5 (509X (6 3l Wil Sl 1 (5ilae dun e . Jgix
Table 5. Means comparison triple effects irrigationxbio-fertilizersx nano-sislicon on leaf area index of wheat

G)L,;.J t?.b.w PRRCORR Sampling steps (day after planting) (Ciols 31 s 395) 610 piged Jol o
IrHigation reatments 155 165 175 185 195 205 215

BoSo 1.03Mi 1.90¢°def 2.05¢ 2.47¢ 2.76% 2.33¢f 1.59¢
BiSo 1.36% 1.92¢def 2.27¢ 2.77¢4 2.874f 2.584 1.71¢f
B2So 1.77° 1.92¢def 2.52¢ 2.97° 3.05¢ 2.66% 2.03¢d
B3So 1.94* 2.09%¢ 2.71° 3.22¢ 3.41° 2,74 2.16%
BoS1 1.13¢h 1.90¢°def 2.058¢ 2.51¢ 2.76% 2.534 1.73¢f

Ii BiS1 1.30¢ 1.92¢def 2.27¢ 2.88% 2.93¢de 2.63¢ 1.76¢
B2St 1.66% 1.97bd 2.54¢ 2.99° 3.38° 2.80°¢ 2.13b%
BsS: 1.96* 2.18% 2.89* 3.24* 3.48° 3.13° 2.26°
BoS: 1.23¢f 1.97cdef 2.17¢ 2.72¢ 2.86°f 2.108 1.31¢h
B1S: 1.434 1.95bede 2.45¢ 2.96° 2.99¢d 2.26% 1.944
B:S: 1.76° 1.98bcd 2.66° 3.21% 3.38° 2.56¢ 2.06¢
Bs3S: 1.98* 2.27° 2.94* 3.27* 3.79* 3.40° 2.46%
BoSo 0.55m 1.44hiik 1.55!mn 1.811k 2.16" 1.07mpd 0.98°r
B1So 0.86¢ 1.45hiik 1.68k 1.901 2.321m 1.29ikimn 1.164m
B2So 0.961 1.524¢hii 1.77% 2.24# 2.511 1.55h 1.08!mno
BsSo 1.08" 1.55¢ 1.93f% 2.39¢f 2.60M 1.63" 1.1(ikimno
BoS1 0.961k 1.47hiik 1.59kim 1.861 2.22mn 1.24kimnop 1.00°?

I BiS: 1.07" 1.527¢hi 1.72 1.91M 2.368 1.301k 1.1(ikimno
B2S: 1.28% 1.70% 1.77Mi 2.24¢ 2.521 1.44biik 1 7 Qikdmno
BsS1 1.36% 1,759 1.96° 2.39¢f 2.62N 1.50Mi 1.23¢hiik
BoS2 0.75'm 1.46Mk 1.64kIm 1.881 2.30Mm 2.18f 1.1 5ikimn
BiS: 0.93% 1.52¢h 1740 2.03" 2.46% 2.26% 1.33¢h
B:S: 1.26°f% 1.73% 1.84¢h 2.27% 2.550 2.15% 1.368
B3S: 1.60° 1.814te 2.00°f 2.39¢f 2.70%h 2.11% 1210k
BoSo 0.44° 0.86" 1.04! 1.31° 1.70¢ 1.014 0.801
B1So 0.65™ 1.11mnopd 1.25% 1.60™" 1.784 1.13mnopd 1 ] ikimno
B2So 0.868 1.13mnopd 1.38r4 1.71km 1.89°r4 1.27Kimno 1 1 ikimno
B3So 0.951k 1.27kimn 1.48mnop 1.775 1.92°¢ 1.32ikim 1 17ikimno
BoS1 0.49° 1.08nopar 1.22¢% 1.53" 1.72% 1.0374 0.91r4

Is BiS: 0.864 1.20!mno 1.34% 1.65™ 1.83p4" 1.06°P4 1.017ep
B2St 0.93ik 1.19]mnop 1.40°r4 1.2km 1.91°° 1.18]mmopa 1,1 61KIm
BsS1 1.03M 1.313m 1 51mno 1.811k 1.95% 1401 1.04mnop
BoS2 0.89% 1.010par 1.25% 1.59m" 1.7749 1.23Klimnop ] (Qklmno
BiS: 0.83% 1.29iKimn 1.35% 1.67™ 1.88°P4 1.305Km 1 ] ikimno
B:S: 1.05Mi 1.33hijklm 7 g5nopq 1.72km 1.93°p 1.3]km 1.161km
Bs3S: 1.16%h 1370k 1.54tmn 1.851 2.00° 140 1.24¢hi

25,l5 LSD (5051 (ol 2 sy iy sllas Jlaisl mhas 55 50050 b (5,10 sine M (gt 10 10 S jiiie gy sl slopSile
B plys il g 655L b il )8 b el s pae o5 4 B3 9 B2 Bi « Bowad (i g @Ml (b (i poe wad s 43 g I 0

OsSebwsil yid jo 08 L Fe g Ve el (oS5 4 :S2 5 S1 S0 45 2SL g

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
I1, I> and I5: No stress, Mild stress Severe stress; Bo, Bi, B2 and Bs: Non-inoculated, Inoculated with Mycorrhiza, Inoculation with

bacteria and Co-inoculation of Mycorrhiza and bacteria; So, S1 and Sz: 0, 30 and 60 mg m?
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Table 6. Analysis of variance (Mean squares)in total biomass of wheat as affected by experimental factors

Sampling steps (day after planting)

(el 51 g 395) G510 pdiged Jolpo

S.0.V df 155 165 185 195 205 215 225
s 2 20063 180162 631000.7 1127254 2131243 3360255 2897030 2509196
Replication
LHT K ek Hk ek ek Hk ok ek
S 890 19065 123666.4 128961 621576 912679 1022420™" 1437482
Irrigation(I)
R hed 3 7475 39799 230348.0 1558017 354680 212252" 112929 161222™
Biofertilizer(B)
g5l 56
PSS 0 42777 150100™ 4263253 4336417 380662°° 318427 261281 160849
Nano-Si (Si)
I<B 6 48.0™ 1775 12256.5™ 2410™ 53560™ 3474* 1322 6258
Fm 3995% (5 3l
L Si 4 179™ 119 10867.4™ 3464™ 5056 64603 16485™ 51013
x Sl
5y g5l g3 bix (]
s FUGTE 6 573 2720 130552 14943% 1195 8839™ 2514 13611
X 1
055k gilix (Zuany 3085
Ix Bx Si 12 30.1™" 1024™ 7489.9™ 3611™ 3168 8222™ 6454 6027
O gl w3095 (6 51
i LT oloui!
il on 70 13.13 189.5 790.9 668.1 1316 1344 1170 1552
Error
C.V (%) - 3.07 3.90 2.92 2.98 2.40 241 2.98

TN 90 maw ;o 5l gime Slo o 5 4

* and ** indicate significant at 0.05 and 0.01 probability levels, respectively
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Table 7. Slicing of triple effects effects irrigationxbio-fertilizersx nano-sislicon on total biomass

Df Sampling steps (day after planting)  (cuils 1 s 39,) &)19 pdiges JoIp0
e
(] R 155 165 175 185 195 205 215 225
Irrigation levels )bl gobw oI5
Full irrigation Jo5 skl 11 980.23"" 14100™ 87007 46255 29979"* 23384™" 21060™" 28720""
Moderate stress o i 11 1067.60™ 16458™ 45397 43465™ 84913™ 84124™  40589™ 53833™
severe stress ol 11 924.72"  11207™ 33861™" 46281"" 86213" 47455™ 31787 26626™

** indicate significant at 0.01 probability levels

1N v )5 gle gre Kby s

S JS 0098 Canm 5 31 (3 9Smrgili x (s 3 (512095 (5 )l il Sl T (paSilae dumylio A Jgir
Table 8. Means comparison triple irrigationxbio-fertilizersx nano-sislicon on total biomass of wheat

sl ok oS Sampling steps (day after planting) (il 31 L 39) (5,10 prdiged ol o
Irrigation oo 155 165 175 185 195 205 215 225
levels treatments

BoSo 133.3¢de 388.3¢fs 703.33¢f 949 3def 13633 1653.3def 1497.6'¢ 1416.0'
B1So 136.0b¢  405.6%  775.00%¢ 978.64 1384.3bc 1706.0¢4 1606.04 1525.3d
B2So 136.6"  431.6% 799.33¢ 1038.6° 1401.0bc 1718.3¢ 1615.6% 1581.6b<d
B3So 138.6%¢  453.6° 895.67° 1102.6° 1443.32b 1794.6%° 1676.3%° 1610.6
BoS1 133.6%4c  389.6°f  744.67d 970.04¢ 1372.3¢ 1689.3¢de 1549.6%f 1443 .3

It B1S1 1353 420.6¢4  786.33% 985.64 1384.3b¢ 1701.6%4 1617.0¢d 1559.0¢d
B2S1 138abe 432.6 871.00° 1078.3bc  1401.0b° 1744.0b¢ 1606.64 1587.3bed
B3S1 140.32 485.62 906.00° 1110.0° 1406.6*¢  1800.0% 1653.6>4 1643.62
BoS2 135¢de 398.6%f  765.00%¢ 978.04 1374.0¢ 1692.6¢de 1603.04e 1462.0¢f
Bi1S:2 136.3>  420.6% 793.00°¢ 988.64 1384.6%¢ 1716.3¢ 1621.0%d 1581.0bed
B2S: 137.6%%¢  433.0bc 883.00° 1078.3b¢ 1482.6* 1793.6% 1671.32b¢ 1600.0b¢
B3S:2 143.6* 494 32 989.33¢ 1207.02 1497.62 1807.32 1694.6* 1677.32
BoSo 111k 328.0k  586.0km  g18.3ik 1123.61 1428.0!m» 1302.34 1206.33k°
Bi1So 115ik 340.0ik 625.61k 830.6" 1210.3h 1480.6%! 1380.07 1223.33kim
B2So 120.3h 351.6' 642 .3hii 865.6N 1246.0%h 153730k 1424.0M 1258.67%
B3So 127.3"% 354.0M 6743 877.0¢h 1298.0<f 1593.0¢hi 1475.6¢" 1384.33¢h
BoS1 112.6% 33430k 586.0Km  g18.3ikl 1132.0! 1431.3mn 1308.0% 1207.33k°

Iz BiS1 116.01 349.01 627.3ik 836.6M 1215.0¢ 1517.3% 1396.01 1244 33K
B2S1 120.6h 352.2hi 652.3¢hi 858.6M 1261.65" 1563.0hi 1449.6¢2h 1301.33
B3S1 129.0¢F 37438 695.0'2 915.0% 1299.6¢f 1605.0feh 1475.68" 1387.00¢
BoS2 113.3k 336.61k 606.3K! 821.6UK 1202.6" 1440.6'm» 1316.6% 1211.0QKlmn
BiS:2 119.6M 350.6! 631.6Mk 854.6h 1228.68 1526.6% 1399.07 1244.33
B2S:2 122.0¢h 353.0hi 673.6%h 873.08h 1273.6%% 1573.3¢hi 1469.3¢h 134.00h
B3S: 130def 382.3f 696.3 930.3¢f 1306.04¢ 1641.0°f2 1495.3% 1415.33"
BoSo 82.0° 238.09 411.0t 629.64 816.6" 1208.3¢ 1113.6° 985.3¢
Bi1So 87.6°P 252.0rd 495.09rs 747.6P 991.0! 1293.3¢ 1207.0m° 1089.049rs
B2So 102.6™ 267.6°°  528.3°par 774 .3mP 1045.34 1355.0pr 1245.0mn 1128.3P4
B3So 109.3km  30].3mn 569 3lmno 793 gkim 1097 3ik 1376.0mr  1278.3km 1175 gmnop
BoS1 82.3p 239.64 470.6° 738.3P 831.6" 1222.6! 1170.0° 1031.3%

I3 BiS1 90.0° 257.6°P4  505.6Pdrs 748.0°P 992.0! 1298.0™ 1208.3m° 1109.0m
B2S1 103.6™ 269.0°°  535.6™P1  784.6-° 1071.0% 1361.0°P4 124/7mnl 1146.3°7
B3S1 110.0¢  303.3m 5750  7973km 111400  1390.6™P  1295.6Km  1180.6™Mnop
BoS2 83.6° 250.0rd 485.6™ 739.3p 931.6" 1227.6! 1203.0m° 1060.0"t
B1S2 101.0" 262.3%°  514.6P9 749 6P 993.6! 1312.69 1215.6™ 1120.6M
B2S:2 105!mn 279.6"  551.3mP 791 .6kn 1091.3ik 1373.3mp 1272 6Km 1149.3n0pd
BsS:2 110.3% 32434 579.6mn  812.0km  1118.04 1418.3mno 1301.34 1204.65P

05,15 LSD 55051 (lasl 2 oy ey (sl Jloiol mhans 50 S50 L (5l dhme DS (s o 50 S e B> (gl (slo e Sile
5 0 15 b 5 Sl bl B b el b pas i 4 B3 5 B2 B1 Bo tapah (55 5 eodle G 15 g e 4 a5 T2
OsSaewsil i o a8 e Fr g Te il oo 4 2 5 S1 S0 15 S

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.

I1, I> and I3: No stress, Mild stress Severe stress; Bo, B1, B2 and Bs: Non-inoculated, Inoculated with Mycorrhiza, Inoculation
with bacteria and Co-inoculation of Mycorrhiza and bacteria; So, S1 and S2: 0, 30 and 60 mg m™
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Fig. 1. Effect of nano-silicon, bio-fertilizers and
drought stress on LAI of wheat
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Fig. 2. Effect of nano-silicon, bio-fertilizers and drought
stress on total biomass of wheat
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Table 9. Analysis of variance (Mean squares) in the dry matter remobilization process of wheat as affected by

experimental factors

i e JUS s JSH ol e e
et 2l e Shsek  Sisel IS ek pBdmiw  wgid glime Fwsid ol
S.0.v sl Js Js ails e sl sl
df DMT CDMAG SDMT CSAG CP SSPG
Replication IS, 376.00 44677  371.62 22454  86067.67 1413.92
Lrvigation (1 ol o 507630 3323.89™  25779.73 7105.59™ 156759.88"  4958.85™
Biofertilizer (B)G"‘““"” 3 2136.95™ 224631 71738 57273 72386.03"  3038.89"
Nano-Si () o=l o 091340 812.69™  333.70° 67574 44554957 136631
Bl 6 78.80  292.95" 7836 15639 427491  179.58"
LT s
Sl slebigtminss 4522 176.07° 10815 11732  1131.24 246.70™
(W] 5595l g3l
SiB SIHHOPEET 6 1542 16772 1521 11470  7306.06™  161.70"
s o 5995 (g5
‘;’ix“'];x‘;““‘”’s Pt 2 61.20 148.44 87.25 40.30 1317.22 59.03
Error i I Y 33.78 90.23 27.50 1140.67 4037
C.V (%) Ol yai - 11.59 17.25 15.25 12.93 16.39 9.36

TN 90 maw ;o gyl gime Klo oy 4y

* and ** indicate significant at 0.05 and 0.01 probability levels, respectively
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Table 10. Means comparison between the dry matter remobilization process and yield components of

affected experimental factors

ale3l sto s B e
Experimental treatments s b s Plant height Seedsin  Number of ails
DMT SDMT the spike  spikletes WTS
Irrigation levels Sl b (gm?) (g.m?)
Normal irrigation
. T 64.88° 32.12¢ 63.712 40.702 15.16 41.27*
Jbs soke!
Moderate droughtstress 75.89° 51.45 5985  37.69°  1470° 384
oSl S s . . . . . .
Severe drought stress . a . R b .
o b cagame 88.61 63.22 54.98 32.14 13.81 36.39
Nano silicon (mg I'") g5 lwgil
Control sals 79.18° 65.78* - 35.50° 13.66° -
30 (mg.I'") 76.51% 60.57° - 37.44° 14.79° -
60 (mg.I'") 73.69° 60.44° - 37.59° 14.22° -
Bio fertilizers oo slsgss
Non-inoculated el 85.612 70.80° 55.93° 31.81° 13.37¢ 33.71¢
Mycorrhiza @B L il 81.612 64.73% 59.48%® 37.932 15.022 38.42°
W g ySL L il
Moy SpesbeSbleds g g 60.76" 6021° 3845 1433  4120°
PGPR
Ay Sy s S g 13950k 0,8
Mycorrhiza and PGPR 65.76° 53.32¢ 62.41% 38.82° 15.52* 41.322

application

Bl LSD (9031 (bl 1 auoj0 iy slas Jlais! mhans j0 50055 b (5o cime B3] Jule g 5 10 10 S jie gy gl slanSilee
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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Oy Slos juals B 0gi oo o go 000 ;S 4y 00l Jaie
(Banisaeidi et al., 2020) 553 o> o> G alb
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Slge g odblaas g0l 0ga U )35 g oo Jolad 098 o0
e 9 428,518 o3liiuls j90 (3P 5o Wilgh arte oy
Seyed ) ol zals als o Shee [0 soza Jlasl onlys

.(Sharifi, 2018

90 w33 ol ot 5 A8l I duzmo JEGT 5o

wilo 3 Kloc
JE! s a5 ol (Lt Lol 5T (gl yaSiloo dunglie
£S5 PYIVY) ol ol Cosgame Lyl ph jo adlu jl soze
2 S VeIAe) Gy GladsS 0l pas (g 5o
2 S FOVA) Silensil 00) 8 pae 5 (rope i
50 320l (e (Ve Jgaz) el s 4y (@00
5 (@rayia 58 05 OYIYY) (s sloosS plgs 015 5o
(eermsin 5 05 P+ IFF) Sliasils ) 13 0,5 oo -
Cawd & (mapoye 10 o5 YYNY) Jol5 g kol Wyl o
- st (6 led SlaS 5 Bl i eizeen (V- Jgaz) el
GleosS 555 pae a5 ol las (VY Jgaz) oals lo
R e el il Cysgasme Lulpd o
aS ols elasl sgs 4 | (AYYIAF) dils o Slee o adls
ol )Ll Ll 5o s slodsS plgs o)l 4y o
s Bk gl sl cal gao,e A 0l 4 i
5 st S1005S pls5 I8 oS ol lts (g )les Bl 5
@ e 08ebewgll gl o p S e P LAk ol
il 5, Shae o ailes 13 a8 lie ooy FVA Lials
2355 §98akeugil g (Shany slasgS 3 )5 pae 4 S
05 5 skl oglhae Ll jo @dlgye (V) Jgux)
A pFke B sl 5 i sless
APl dlanlgy 6yl Fwgtd el s 4 eSelewsil
pol 65 SYsb Hloymae a4 (V JS) YL Sy mhaw
ol Fowgsd Gl s 4 (alps e cod b
Sis ool Jlil oyl 45 098 0 g dils o Slee o
Golmo yo S oy rals ails Cans 45 a8l 5 590 S 5



VEY Gle; V8 Al ool pole o e sl i RA

S (5 ler g (ol en 9 Same JUHT Wi T8 wtens 31 (ool (509 Joliko Ol 1 (raSilao dunmliio VY Jgor
Table 11. Means comparison of the interaction effects of experimental factors on the contribution of the dry
matter transfer process

Irrigationx Biofertilizer odlo JU! e Ol (e ot
Y J5 i Bl pBiape sl gl sl ey
CDMAG (%) CSAG (%) CP(g.m?) SSPG (%)

Bo 32,274t 19.11¢f 252.300 67.73%¢
I B 31.334cf 18.46" 278.77%¢ 68.66%°

B: 29.29¢°f 17.74f 280.78% 70.70%

Bs 27.33f 17.70° 305.10° 72.66"

Bo 42.00° 29.30% 181.91¢% 57.99¢

I B: 34.47% 26.220¢d 192.20¢% 65.52b
B: 32.644f 21.64%f 214.01¢ 67.35%¢

B3 31.804f 23.83¢de 274.63° 68. 280

Bo 52.45° 33.56* 160.08° 47.54°

Is B1 49.50% 33.34% 174.02¢ 50.50°f

B2 43.80% 30.18%® 175.87¢ 56.194

B3 37.90% 27.72% 178.61° 62.09%

IrrigationxNoano-silicon
0395k gili 5 5l

So 31.91¢ 20.24¢f - 68.08%

Ii S1 29.24¢4 18.17¢f - 70.75%

Sz 25.91¢ 17.43¢ - 74.08*

So 41.21° 28.60% - 58.78°

I S1 34.35¢ 24.84¢ - 65.64°

Sz 33.23¢ 22.314% - 66.77°

So 49.19* 34.322 - 50.80¢

I St 44.36%® 29.88° - 55.63%

Sz 44.18% 29.41° - 55.82%

Biofertilizer xNoano-silicon
095k gilix (G § 395

Bo 46.222 32.31% 148.27¢ 53.77¢
So B 40.16% 25.26b 196.21°¢ 59.83bd

B: 34.68%¢ 22.64b<d 241.79% 65.31%®

B; 31.74% 19.53¢ 247.05* 68.25%

Bo 45.39%® 28.57#%® 176.98% 54.60%
Si B: 39.042b¢ 24.52b¢d 214.042b¢ 60.95bd

B: 3457 22.51bd 242.902° 65.42%®

B3 30.25¢ 19.37¢ 248.68* 69.74°

Bo 43.64% 27.828%0¢ 186.41¢¢ 56.34%

Sz B: 36.74bd 23.62bd 237.69% 63.25%¢

B: 33.86% 21.56% 244.44* 66.13%

B3 28.46¢ 18.81¢ 256.82% 71.53*

25,l05 LSD (yg051 Golsl 3 o ys gty sllas Jlotis] o 50 50085 b (5,00 sme NS (5 10 10 S i B9, 5l slanSilee
5 ln)f‘_g.:.ef‘ jV‘ sML»wychZjSl So ‘6)‘5L’5C)l3{°i5‘@nl’jLS)JL’L’G*‘L‘C)bL’C*AL‘GALF“WJJ“B3 5B2 Bi1 Bo
O85ebesil yi

Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using LSD test.
Bo, B1, B2 and Bs: Non-inoculated, Inoculated with Mycorrhiza, Inoculation with bacteria and Co-inoculation of Mycorrhiza
and bacteria; So, S1 and Sz: 0, 30 and 60 mg m?

Srora yobts e (nl el il Glidlos S alosa 5l B LBl le 5 () sloagS ol 0,15l (LYY
Sgazme Blise o5 G5 5 Sy sreb G by O Jaz) wel Cuss ap (sSbensil 1) g 0 s
Slge sy Lol gloj Gmen 3 S Jje @b p e S Bl et S Ol )l Fgid
GINE S sl LA g laals (o 5y Sz Simgtd ol e mhaw aliwsds )95 5o D2 4 daalls ad
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Table 12. Analysis of variance (Mean squares) in wheat yield and yield components as influenced by experimental

factors
A g el aldw yo il Asliow Slass 039
i @be 931 plang Seedsin  Number of P)l» by pa3ld wils 2,
S.0.V df height the spike  spikletes WTS  Harvest index Grain yield
L AN 2 72.95 300.14 18.78 25.15 1456.71 919674.88
Replication
Lo sl 2 688.86™ 678.67" 16.95"  216.95™ 383.40™ 10748405.21™
Irrigation (I)
o 3% 3 19576" 401917 23387 347057 62497 7176908.25"
Biofertilizer (B)
Lo S 2 28.05 48.87" 3.18" 15.79 67.60" 5809863.99"
Nano-Si (Si)
S 3LeTx (s 5055 . -
Bul 6 26.41 22.54 1.002 8.86 28.20 480148.99
X
LoTx, HH
SixI oy 4 12.03 15.79 1.43 4.21 37.17 76486.35
s 506X - HH
SixB 3255 by’ 6 23.85 14.32 1.008 6.61 76.26™ 424995.53*
Lol g j 995 Y
‘5') 2t g 395 0gS s 12 26.29 9.50 0.552 2.23 24.36" 130796.09™
Six BxI
el a0 5200 1242 1012 8.03 11.95 58836.63
Error
C.V (%) Oy g o - 12.22 9.56 7.11 7.32 14.90 8.74

* and ** indicating significant at 5 and 1% level, respectively
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Table 13. Slicing of triple effects of irrigationxbio-

fertilizersx nano-sislicon on grain yield and harvest
index

AT Ll o das cabls y asli

$wl zolw @351 Grain Harvest
Irrigation levels  Df yield index
FE 5191507 78007
Full irrigation
M 1165003 30.79
Moderate stress
WAOE 1 993738 26,94

severe stress

TN b 5o (5 ls gme Sl s
** indicate significant at 0.01 probability levels



\F-¥ OLI.M..AJ' Ald Al?‘scljj ‘591.;: 5 L;a.:mdl.bui..ﬁ

Harvest index (%)

(2w0)0) clilo y (sl

Fungi z,6
inoculated

GrSLrg 8
Fungi+Bacteria

Non- zéli pus
inoculated
Bacteria s s

Non- zéli puc

No stress o puc

Fungi z,6

Mild stress oMo S s

mo 030 m 60

bdout  goyuy
bdouuuy

2 < % 9 2 <
" = 2 > 2
L wEliz & % o3
9 9|85 m 2 ©F
< &J < 1 —_— = < i‘) <
= 2> A 3 = = 3 @
g2 gl = 2 Wi
131 & £ £ 131 )
< 9 = Z = < 9 =
=] : ==} z

Severe stress ool Sis i

clls g el p ngybxw) LSL“°9SXL5)L.‘.'JC9"“""’ Gl aw EAPV{IR g SV
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