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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. Since in arid and semi-arid regions, some part of growth period of wheat is confronted with
water limitation condition which can affect biochemical and physiological responses such as changes in
photosynthetic efficiency of PSII, chlorophyll content, and stomatal conductance. Application of bio
fertilizers and silicon is one of the most important strategies for alleviation of drought stress effects. Bio
fertilizers (plant growth promoting rhizobacteria or PGPR and mycorrhiza) can improve plant
performance under non-stress and stress conditions. Thererfore, 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 effects of biofertilizers and nanosilicon on phosphorus uptake, grain yield, and
some physiological traits of wheat (Triticum aestivum L.) under withholding irrigation conditions, a
factorial experiment was carried out at the research farm faculty of Agriculture and Natural Resources,
University of Mohaghegh Ardabili, with three replications 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 rolled into the suspension of bacteria
until uniformly coated. The strains and cell densities of microorganisms used as PGPR in this
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experiment were 1x108 colony forming units (CFU). In this study, electrical conductivity, stomatal
conductance, leaf fluorescence parameters, phosphorus of root and grain, relative water content,
electrolyte leakage, anthocyanins and grain yield of wheat were investigated. Analysis of variance and
mean comparisons were performed using SAS ver 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 application of both flavobacterium and pseudomonas with mycorrhiza and
foliar application of 60 mg.L1 nano silicon under severe water limitation increased 84.32%, 49% and
49.52% of electrolyte leakage, electrical conductivity and minimum fluorescence (Fo) respectively, and
decreased root and grain phosphorus by 30.67 and 36.05% compared to full irrigation. The highest RWC
(92.26%), stomatal conductance (58.86 mmol.m-2.s), anthocyanin (0.0274 umol.g*FW), Fm (860), and
Fv/Fm (0.909) were obtained at foliar application of 60 mg.L-1 nano silicon, both applications of
flavobacterium and pseudomonas with mycorrhiza under normal irrigation. Also, the highest grain yield
was obtained with both flavobacterium and pseudomonas with mycorrhiza and foliar application of 30
mg.]"* nano silicon under normal irrigation. According to the results of this study both the application of
biofertilizers and nanosilicon can improve wheat grain yield under water limitation conditions by
improving the physiological traits and also the uptake of phosphorus from the soil.

Conclusion
Generally, it seems that application of bio fertilizers and nano silicon can be recommended as the proper
method for increasing the physiological trait grain yield of wheat under water limitation conditions.

Keywords: Environmental stresses, Nanotechnology, Plant growth promoting rhizobacteria,
Quantum efficiency of the photosystem II
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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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Table 2. Farm soil physicochemical properties
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Table 3. Analysis of variance of physiological traits as affected by bio-fertilizer and nano silicon under withholding

irrigation condition
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ns, * and ** indicate not significant, significant at 0.05 and 0.01 probability levels, respectively
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Table 4. Means comparison of physiological traits as affected by bio-fertilizer and nano silicon

under withholding irrigation condition

ol Zobw Byl O o slgime Sindg Sl culd (o Sl culan (glaije) colun
Irrigation levels Treatments RWC EL EC Gs
% usm’? mmol.m-2.s™!
BoSo 77.368 27.28" 122.53! 50.92¢h
BiSo 78.49¢f¢ 27.13" 116.77mnop 54.10¢
B:So 81.05¢ 26.05™ 115.88"p 56.97%
B3So 90.73% 19.04s 113.28°pa 57.78°
BoS1 78.21% 26.34" 121.06™ 51.42f
BiS: 79.31%f 24.90°0 116.50mnop 56.524
B:S: 82.48¢ 23.76M 117.45mn0 57.32b¢
I Bs3S: 91.10% 16.66* 112.14p9 57.94%
BoS: 78.211% 21.31" 128.92k 51.821
B1S2 80.29% 22.794 118.111mn 56.524
B:S: 90.06° 20.26" 117.76!mno 57.700¢
Bs3S: 92.26* 14.19° 108.814 58.86
BoSo 66.81% 34.93¢h 172.63' 45.72Mm
B1So 69.181 33.29i 172.63 47.96%
B:So 69.801 33.248 170.04¢" 49.91%
B3So 7117 30.84m 163.841 50.30h
BoS1 66.81% 33.78M 175.72¢¢ 45.82'm
BiS: 69.691 32.89ik 175.96¢ 48.16%
B2S: 76.848 32.36k 172.46' 50.049
I B3S1 72.60" 30.26™ 156.69 50.38h
BoS2 69.131 33.461 172.69% 46.31!
BiS2 70.191 32.551k 172.58f2 49.41)
B2S: 71.17" 31.634 164.01! 50.03i
B3S: 77.348 29.69™ 158.05 50.6680
BoSo 52.604 53.98° 188.04° 31.99"
BiSo 60.02° 41.57¢ 172.38bcd 40.499
B2So 59.05° 39.094 172.630b¢ 38.419
B3So 62.96!™ 38.23¢ 178.28¢¢ 43.82°
BoS: 53.214 48.55° 185.14% 35.50°
BiS: 60.43m™ 41.09¢ 182.10b¢d 41.139
B2S: 60.03° 38.50¢ 183.10% 42.28p
I B3Si 64.29! 36.59¢ 178.22¢¢ 44.83n
BoS2 57.60P 46.85° 184.18% 36.87°
BiS: 62.32m 38.53¢ 184.094 41.93p
B2S2 62.19™ 35.17¢8 178.73¢de 42.39p
BsS: 66.79 34.89¢ 176.85% 45.34m
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Table 4. Continued

aldl.f Jguo

okl zobaw Lo

woles 0 Slos  Jlas quilyals  piSIas iluygld (il

Irrigation levels Treatments Fv/Fm Fo Fm Anthocyanin
pumol.g' FW

BoSo 0.720¢ 175.00%m 583.661k 0.0142r9
Bi1So 0.744¢" 172.66™ 593.66! 0.0135%
B2So 0.796% 139.00" 672.00° 0.0127
B3So 0.863° 128.00° 744.66° 0.0109¥
BoS1 0.723fe 176.00%m 590.33i 0.0140%
BiSi 0.749¢ 148.00" 609.33h 0.0136°
B:S: 0.780¢¢ 136.00™ 678.00° 0.0125*

Ii B3S1 0.899* 126.98% 778.66° 0.0104*
BoS2 0.734efe 171.33m 592.13i 0.01371
B1S: 0.776¢ 144.00" 649.33¢ 0.0136°
B:S: 0.801°¢ 130.00°° 698.33¢ 0.0115*
BsS» 0.909* 125.33% 860.00° 0.0103v
BoSo 0.422° 202.00¢" 495.669 0.0145°p
Bi1So 0.476™ 193.33hi 536.66° 0.0160™
B:So 0.4844 177.66Km 550.33mn 0.0164%
B3So 0.579 171.00m 566.00'™ 0.0169i
BoS1 0.437m 202.00¢" 506.33p 0.0153"
BiS1 0.455mn 187.33ik 538.00° 0.0159™
B:S: 0.501% 182.33kim 560.67™» 0.0166%

I BsS1 0.598hi 175.66%m 582.33ik 0.0169i
BoS: 0.435m 198.33¢h 511.66° 0.0147°
B:iS: 0.476'™ 194.66M 538.33° 0.0163%
B:S: 0.540] 184.661% 573.334 0.0166%
BsS: 0.602" 176.00%!m 582.66 0.0172M
BoSo 0.176Y 261.66* 365.33Y 0.0174¢h
BiSo 0.196" 241.66° 374.33%% 0.0177%
B:So 0.244s 222.66% 388.66" 0.0189¢
BsSo 0.312p4 211.33¢f 423.00¢ 0.01963
BoS1 0.188Y 260.332 377.00™* 0.0176¢"
B1S1 0.214™ 240.33% 381.66YY 0.0180°
B:S1 0.280" 218.009%f 397.33¢ 0.0192¢4

Is B3S1 0.320p 211.00¢f 430.66" 0.0266%
BoS2 0.191v 243.33% 371.00%Y 0.0175¢"
B1S: 0.230% 227.66% 394.00" 0.0178
B:S: 0.296 215.66%f 411.33" 0.0196b¢
BsS: 0.322¢ 205.00%" 436.66" 0.0274*

2 y95ae O yyl8 (s (slB35S g0 i 5 4 :B3 3 Ba B Bo ¢ ol a0l g wedle Cudgaze (JolS sylol s g 4z g2 D

O55akgil id 088 Lo P g Ve wald o35 4182 981 S0 5 ,55L 5 7,8 ples 0,0 5 65
I1, I2 and I5 are ull irrigation, moderate and severe water limitation, respectively; Bo, B1, B2 and B3 are without
bio fertilizers, application of Mycorrhiza, PGPR and both applications of Mycorrhiza and PGPR; So, S1 and S2

are no salinity (control), 30 and 60 mg L-!

Ol 3 e0ysSeongil yid 50 0,5 o 70 g (S slodsS
O,5 pas 4y ol Qo yo YYIAD sga s oiSUl s
wad (Sas blh o ilawgl 5 g lasyS
wly el ol s pliime S (F Joaz) b asuls
olBl g ol o (ol slad o eSilw g,
(Al et al., 2019) wilools s QT Sl s g
Sjiie jgody () B35S )8 Wakiae K5 (B
i bl 6pidsh deue 5 slid ol ely

Oy Vb cage sk JBI8 Blge i coti g ol S Le
sy gl po el oad Jobo gm0 (S8l Culas
s & sy Sl slo S, & Sl s b5
03ld al3 ) (ygmalanST (2515 a5l oo (St s
s Gl (Sas i llpd o 1) cody xSl clis
.(Bagherifard et al., 2020)
35S 5 03Sakomssils SALE SRl oS ol (Lt b
s alS el 1S s syl e i) sbaoeS el
oﬁ)ijq@é&&h},&spdc@lj;léb&&&
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$la355 ol e 1 818 ol Gl g 5
2 Bolss gl oo S5 Fl g GsSekewsil ()
elsS (2D 5 (FO) Jolao ((FM) pSTas (il yold
e oy S il mlaw o (FV/Fm) 1T giwgis
S Slee alS cge (ol Cudgaze (¥ Jgaz) cenl o
A Plao il jgld al33l g 2 las el 5l gagmleS
P ol sle 5 gy sloosS plgs 015 45 5500
ol )5l sla syl g 4 (sl il 2 yo 055 e
Ot @S (g sbdy AL e (SAS A5kl o
woolsS QLS s (AP Sl uilejsld ol
oiboygld Glime 2 %eS Geizmen (/300) pacnngid
Jslone 5 (s slosS plss 0I5 51 YONY) JBlus
Sl Ll 55 Sedals i 3 oS ke e 2L
e Py s slo35S 58 @l Sl Jls
coge oS ylol llys jo oeSilewgil il s 05
T qipassd soslsS S gy FY 5 YYD iyl
oilaysl o )s YAIVA als 5 ST (il jsld
35 oSl 5 s slodsS 55 i s il
ladsS 2 I8 rtzen (F Jgaz) 0 Jul5 (5 Lol Ll
Aoy osSelewsil 2 o p ke P L S
VAEY 5 A iy 4 Ll 5l ol il Cysgioe
Gals g Slas uilejsld 5 (egiilyS o Shee (g0s )0
o5 pas 4y Cows JBlas uilesls sas s YYD
g2 5095y Lall Gl o (sSiliwsil 5 (i slaosS
15 O95lesil 5 S5 35S alg5 3 IS s o0 Sl 4y
Collad (g0 4 ymie (S (15 5 Bl gl Ll
S @ Il piapwgmd ol 0ol oS (5 mgd slo
ol Sl (S 15 g 03 b oy e
009 el omibayold lie (Sile @ 050 S 50 00
i 5l g SN JUST (oo (L) 5 939505 slas
(Larouk et al., 2021) sas o olii I, T gz 4 11
ity e IS lisls 551> 45 4 425
052395 g 0aboljl (glayg Ul 2l 5 5 s (Ul
o 0L g S 31, e i opily b s A
oial38l el by (Maxwell and Johnson, 2000) ass
2 Bl Gl jold (2al5 5 I pisgid (cogiilsS IS
GleosS aizen 090 Uatl 5l g8 odeliwwsdy bl ulul
S 39S lojold sla sl jo 1) (oote 1B (S
O0p o= ol elE Gl Caxsg dgup alauwlga

S (ALKahtani et al., 2020) el 350 Jsbw oloasdl
Syl e Gregh cpl sloadl b bl o)

Sjsy colus
w255 A5 OSekengil s slodsS 1 kel slans 1
Jleizl gl ;0 S s, calaa n Jeloe ol 5 5les
Sl Colaw o i (V) Jouz) ol o ge o0 K
o35S pl55 2,18 51 (4l 53 g2m ke 2 Jgo des BAIAP)
2 O9%wsil il o 0,5 (e Fe S8 Jolore 5 (S
Pk Vo 0,5 L as ael s 4y JolS” 55kl il
S 5 L | (gl sine S sSlonsgil 1 o
38l 50wy Jgeidee YVA) (laise, culon
Lalyd 50 Oselewsil 5 Gy @lodsS 25 pas
el 0,8 (Y Jgaz) ol Jols ol swads coogame
ERT Y -y NEUEI SN
ey 4 ol el oolal Ll e eSilwgil
3,8 pas 4 Cond la3g, Colan sas 0 AT 5 YANND
5 pdle Cudguze Lalyd 3 5kl g () slassS
C2 g (2 Cudgaze oo a4 09 1005 (ol s
Ol gy Sl 5l dijg, o ate b olS b ogd o
&35 DYoL sy calan ol o5 bg 03,8 (655 sl
5 5,8 bS5 S5 |, (Sl slocallss nlo s
5 (Wang et al., 2021) aas gals J, Ol & 045 5Ls
Solaa 1alS 5 (glaise; Cuoglie Al 4 e pal en
O Ay Mk e Liwly (] )0 098 0 slas,
Sl lis L sl slaisg; colae Ghals g baasjs,
Zahid et al, ) sgi 0 wgmime ol Cudgazme il o
ety oS o8 ol G by o Jy (2021
& b (la5g, ol Gl g ol g 05k &0t
iz Gl L gy sloosS plgs 08 sy e Sl
W) (hyeS wzge (O Jguz) yhud aloxjl alié jolis
czye Gk oal 5l s el ol mle & g s s
Sydise Iy, Calaa Al g sl Syjeml ralS
St o3> Go,b 5l s s8dew (Ortiza et al, 2015)
o) LS slacdl o of Jolss Li> 50 (5550 (s o
Colae il C>ge o (Maghsoudi et al., 2019) 00,8

S gl

S S 5 il 38 o piols b
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Ling-Wang et al., ) oS o clablre g5lans! o
2 Owbwgtl ke o ties aSul 4 axg L (2010
ol ade cplply wal Cans 4 ol wad Cosgame Lol i
Gk 3l il (5,95 cblim 285 & (lgiee |, Gl
S 555 5 J3bo 5 (55T JUsb (sloisS i
Lyl s 5o gwsbawys] puw A co Glis b pw,y 0ls
GRIP 6 )9h 5 (Sas sl el aoe o s
5 00,5 clidls ol G JIGol, ply yo 1, ol S 5 azdly
aboxsl damme sla i 4 oS Coglie iolbl Corge
siegi ol o (Sun et al, 2021) opd o Sis
Fo il slne 5 i sloss 5,5 45w oanlis
Sl Cadgaze Lulph 5o eSilwgll i e 0 S (e
P & S byl (G0, OVIFY 2l crse o]
Lilys olee 30 osSwgl 5 (G slassS 08
650 slaiagh ol agh b gaes 33,5 00l S
5 sty S35 3,lS L ooyl fien Gl 55
L oS wlos,§ G155 ol Cosgaome Ll o (Salisil
Aghaei et al,, 2021;) o s Slosen oy cpl b

(Traversari et al., 2021

a5 5 Jolonels Slid o 3 oy (SlbromslS 5 S
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ol 8,50 g et i eaumolis sy sleoeS
ol g ol sblas i gy ;0 pandlE g S

Lol (St 4y Canglae

Oribwsiil
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i ) uilewstl Glgime atin 5 ke (T
pae 51 (SR 5 0j9 e R JgegsSes /- YVE 5 o0 - F
o ilel bl 50 (y9Siligil g (a5 slo09S 3 )15
2 e S ke e bl slme 5 st sloosS ol 015 s
Cwd 4 ol wal cosgame Wl jo el ]
9009 Joid DS 5l (S e uilwgisl (F Jguz) sl
windge JSi5 1) asl glacolplie 51 (S5 08
Olsieds ¢ SlaraSl il ol 5l (610,55 5 ed ol ol
G5l ] olalS g esges Jae ol3T sla SIS0y 0 1S
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Table 5. Analysis of variance of grain phosphorus, root phosphorus and grain yield as affected of bio-
fertilizer, nano silicon under irrigation withholding condition

- &l i Al g yhand
i gl gOl51 a0 Grain Root 4ls o Slos

S.0.V df phosphorus phosphorus Grain yield
Replication S 2 0.106 0.0010 919674.88
Irrigation (I) 3] 2 859.92™ 860.70™ 10748405.21™
Biofertilizer (B) e ) 395 3 137.58" 138.93™ 7176908.25™
Nano-Si (N-Si) 095 g3 2 10.788™ 7.58" 5809863.99™
BXI Gl x w3 08 6 9.181" 6.44" 480148.99™
N-SixI 6oLl xy9Salowsgil 4 1.576 0.426™ 76486.35™
N-SixB o ) 995 X (ygSerlimw gl 6 1.500" 1.079™ 424995.53*
N-Six BxI * - -

T a3 355 x (33 5anoil 12 116.09 3.196 1.534
Error s Lo 3T oLl 70 0.675 0.00020 58836.63
C.V (%) Ol et o 6 - 4.07 6.05 8.74

1Y 50 ghaw jo o gixe g )l pime e Slo oy a4 %

#* dS

ns, * and ** indicate not significant, significant at 0.05 and 0.01 probability levels, respectively.
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Table 6. Means comparison of physiological traits as affected by bio-fertilizer and nano silicon under

withholding irrigation condition

&l ol Lo @lS yiusd gy yhsd @il 5, Shos
Irrigation levels Treatments Grain phosphorus Root phosphorus Grain yield
mg.kg! kg.ha'!
BoSo 21.57¢Mi 25.75¢ 3171.4¢f
B1So 23.80¢f¢ 28.09def 3556d°
B:So 25.72¢de 28.23def 33569
i BsSo 28.278be 31.07° 3911.6°
BoS1 22.59fehi 26.98f¢ 3335¢f
B1S1 23.3]¢feh 29.46% 3305¢de
B2S: 25.75%e 28.520 3744bed
B3S: 29.23% 35.512 4593°
BoS: 23.22¢feh 26.77% 3278.8°f
B1S: 24.63d%f 27.71¢f 3500.5¢d
B2S: 27.28bd 30.75b 3887t
BsS: 30.01* 35.74% 4109°
BoSo 17.76Kmne 21.63"r 2598.5iikimn
B1So 19.24ikim 22.32mn0 2698.5iikim
B2So 20.171k 22.92ikimn 2785.5¢8hiik
I BsSo 20.75M 24.38Mi 2865.5¢h
BoS1 18.94ikimn 21.74mne 2604, 51ikimn
BiS1 19.39ikim 22.42!mno 2755kl
B2S1 20.34ik 23.87ik 2455, 5klmno
BsS: 21.04Mhi 24,09k 2958.9fehi
BoS:2 19.14ikimn 22,1 tmno 2637ikim
B1S: 19.81i4 22.80klmn 2755 .3¢hiikl
B2S: 20.77Mi 23.16Km 2809ghiik
BsS:2 21.4]1¢hi 24.86M 3112.8¢feh
BoSo 13.794 17.85 1257¢
B1So 16.92mnep 18.63% 1991.5P4
B2So 15.21°p4 19.089rst 2018.574
Iz BsSo 17.28]mnep 20.22r 2376!mnop
BoS: 14.67m 18.00° 1536.5"
BiS1 16.55mp 18.83arst 2045.50Pa
B:S1 17.01m™n 19.80%" 2349mnop
BsSi 17.35!mnop 21.28® 2824¢ghiik
BoS2 15.18°P4 18.32¢ 1810.7%
B1S: 17.26!mnop 19.009st 2120.9°Pa
B2S: 16.72mnep 19.679 2241.5mp
Bs3S2 17.39!mno 21.31° 253 (iklmn

5 65 95w 0,15 (s B35S (g0 w5 4 B3 g B2 Bi Bo ST s 5 mdle Cusgase (JuolS bl cs g a3 g D

O3kl id 0 08 Lo £r g Ve wald i 5 4182 9 81 S0 15 ,55L 9 7,8 plg 0,
11, I and 15 are full irrigation, moderate and severe water limitation, respectively; Bo, Bi, B2 and B3 are without bio
fertilizers, application of Mycorrhiza, PGPR and both application of Mycorrhiza and PGPR; So, S1 and Sz are no salinity

(control), 30 and 60 mg L™!

Lolyd 0 08dewsil 9 (s Gladgs 05 pas
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et $1a355 5,5 (1T 5 o e 1)) s
Ll 5 sSoboasih 5 08 e P (S Joone
3 (kS 5 08 s WIVA) T a5 JlS 50
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Sboo Gl GlS ol o 5l eolanwl collB
aS wis,S )8 58 6,50 olaa=e (Epstein, 2009)

a5 olS 5o had Ml coge oSelw (SBL sl
.(Hajipour et al., 2019)

Wl o, Kloc
5 ) oS 50 ikl bole aw ya (5l S 5 S
do e S Jlis! mhw jo als o Sl 5 9Sdiwgil
0,8 pae 5 ol dad Cusgaze (O Jgaz) o9 lo sxe
G2y B0 8l crge (Fms B35S 5 oSekewail
Joloee 5d o p 8 e Yo 0080 ap G alls o Sloe
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Ol 5 SoySl Colae 2ol 5 (F Jouz) oed oo
s 3,Shoe T3l Y5 alez (F Jpio) ol ot
Cadgazme bl il 0 (sl loogS Load jles lalS 5o
65 sgiagy ol Giagh b gees il
) $B0gS g eSiliwgili 0,5 L 1) ails o Shae 0900
alllas b a5 wlos,S 3,55 1, ol Cudgame Laylys o
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Sl (G S Az

Colae mlBl coge ol Cosgame ragh cnl o
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olS aby dgups o 00 pol Slaw malS g i fows
oS 5 (5Sakensil 0 )5 L (armee sl Ll 25 5o
ORI L el (See 03000 b g Glojed D90t (Fon s
Colaw ady) 5 alls Haud il (S Ol e Glye
2l L pe 2Tz il )sld g (agtilsS o Shos ((slaijs
SRl 6l sy o0 Sl 4 Goghy ! @l el
oo Ve oolatul pasS sails o Slos dgups 9 o) Cudgae
sty 858 plg5 205 b (sKekagil ) 50 0

Bl el (B9, (152,550ke 9 0y S e slags SL)

O s Sis i byld o ails jaud ol cow
O, yo yaud cdale pulidl b oalal) jo ol sals jles
slosssl oy alexsl palise LYo (Juw) slaogS
ST slrorl (S silgminl 5 S Sapl) o
Slop sl oy g (SSY 5 Gy wenl SIS
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(Agostinho et al., 2017)
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