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Extended abstract

Introduction

Water limitation is one of the most important abiotic factors that can limit plant growth and yield due
to production of reactive oxygen species (ROS) like H202 and the reduction of chlorophyll content. To
protect against oxidative stress, plant cells produce both antioxidant enzymes such as superoxide
dismutase (SOD), catalase (CAT) and peroxidase (POX), and non-enzymatic antioxidants such as low
weight molecules like proline, sugars and ascorbate. Also water limitation disturbs the mineral-nutrient
relations in plants through their effects on nutrient availability and numerous of physiological and
biochemical destruction in the vegetative and reproductive periods of plant development. Several
strategies have been suggested in order to improve yield under abiotic and biotic stresses in plants,
among them application of Plant Growth Promoting Rhizobacteria (PGPR) and nano particles such as
nano iron-silicon oxide play a key role in yield improvement. A better understanding of physiological
responses under water limitation may help in programs which the objective is to improve the drouht
resistance of crop. During the course of these stresses, active solute accumulation of compatible solutes
such as proline and the activities CAT, POD and PPO enzymes are claimed to be an effective stress
tolerance mechanism. Therefore, the aim of this study was to evaluate the effects of bio-fertilizers and
nano iron oxide and nano oxide on some physiological and biochemical (i.e., antioxidant enzyme
activity, chlorophyll, protein, soluble sugars and proline) responses of triticale under water limitation
conditions.

Materials and methods

An experiment was conducted as factorial based on randomized complete block design with three
replicates at the research farm of faculty of Agriculture and Natural Resources, University of Mohaghegh
Ardabili in 2021. The experimental factors were included of irrigation in three levels (full irrigation as
control, irrigation withholding at 50% of booting and heading stages as severe and moderate water
limitation respectively (BBCH 43 and 55 respectively), application of bio fertilizers in four levels (no
application as control, application of Azospirilum, Pseudomonas, both application Azospirilum and
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Pseudomonas) and nanoparticles foliar application at four levels (foliar application with water as
control, nano iron oxide foliar application (1 g.I%), nano silicon oxide (50 mg.l'*), both application nano
iron-silicon oxide). Psedomunas and Azospirilum 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 experiment were 1x108 colony forming units (CFU).
In each plot there were 5 rows with 2 m long. In each experimental plot, two marginal rows and 0.5 m
from beginning and ending of planting lines were removed data were measured from the middle lines.
The used nano silicon-iron oxide had the average particle size less than 30 nm and special surface of
particles was more than 30 m2.g*. They were product of Nanomaterial US Research which was provided
by Pishgaman Nanomaterials Company of Iran. Nano iron oxide and nano silicon powder added to
deionized water and was placed on ultra sonic equipment (100 W and 40 kHz) on a shaker for better
solution. Foliar application of nano silicon oxide and putrecine were done in two stages of period growth
BBCH 21 and 30.

Results and discussion

The results showed that total chlorophyll content (48.16%), quantum yield (36.05%), relative water
content (35.83%) and grain yield (43.28%) increased in dual application of bio fertilizers and nano
particles foliar application under full irrigation conditions compared to no application of bio fertilizers
and nano particles under irrigation cut off at booting stage. But under such conditions, electrical
conductivity, hydrogen peroxide and malondialdehyde content decreased 35.67, 53.16 and 56.32%
respectively compared to no application of PGPR and nanoparticles under irrigation withholding in
booting stage. Also, the application of PGPR and nanoparticles under irrigation cut off in booting stage
increased the activity of catalase, peroxidase and polyphenol oxidase enzymes (47.06, 55.69 and 36.53%
respectively), proline and soluble sugars content (45.41 and 46.93% respectively) compared to no
application of PGPR and nanoparticles under full irrigation conditions.

Conclusion

Based on the results of this study, the application of plant growth promoting rhizobacteria and
nonoparticle can increase grain yield of triticale under water limitation conditions due to improving
biochemical and physiological traits.

Keywords: Antioxidant enzymes, Compatible osmolytes, Nano iron oxide, Pseudomonas, Relative
water content
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Table 4. Analysis of variance (Mean Square) of the effects of irrigation levels, PGPR and nano iron-silicon oxide on
chlorophyll content and antioxidant enzymes activity of triticale
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ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively.
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Table 5. Mean comparison of the effect of irrigation levels, PGPR, nano iron oxide and nano silicon on chlorophyll
content and antioxidant enzymes of triticale flag leaves

J5 dedg 5 st B8y
Sl S a Judg,ls b Judg,ls Total Sigiig s Mol oSy Polyphenol
Treatments Chlorophylla Chlorophyllb  Chlorophyll  Carotenoid Catalase  Peroxidase oxidase
MQ.g FW e OD pg Protein.min™------------
1oxBoxNg 4,11t 1.220n 5.34mt 0.415%4 43.28% 76.567 69.52w2
1o0xB1xNg 4.47%k 1.382f 5.85¢1 0.458¢1 49.63V 80.26% 71.75%*
10xB2xNg 43100 1.31¢1 5.63¢" 0.449m 5Qm 102.33%i 75.86™Y
10xB3xNg 4.59%9 1.41%¢ 6.012f 0.4862f 47.85™ 8452 79.44+
10xBoxNy 4.2k 1.27% 5.47%" 0.424ip 44,73 78.77%*2 72.644
10xB1xNy 3.82u 1.11ms 4,928 0.413%d 55.06"" 78.15Y2 71.29%
10xB2xNy 4.49¢ 1.39%¢ 5,880 0.463¢1 46.354* 80.97w= 82.31M
10xB3xN; 4.78% 1.462 6.242 0.516% 51.39mt 91.9" 80.927
10xBoxN2 4,26 1.28¢k 5.54+p 0.437"" 443w 97.179" 70.54y=
1oxB1%XN, 4.67%¢ 1.43%® 6.11%4d 0.503¢ 46.951 81.94v2 82.9"p
10xB2%N, 4.62%f 1.428¢ 6.05%¢ 0.494a¢ 51.78% 83.05%2 75.17%*
10xB3xN, 4.74%¢ 1.452 6.23¢ 0.511%¢ 52.98/° 92.69ks 86.48¢
10xBoxN3 43491 1.33%h 5.68Fm 0.4449" 45.31v* 79.46% 72.2v*
10xB1xN3 456N 1.12d 5.96%¢ 0.478M¢ 49.57pV 94,834 81.42H
10xB2xN3 4.7%d 1.452 6.15%4d 0.507a¢ 50.21°u 86.07%Y 77.42PW
10xB3xN3 4.842 1.482 6.322 0.5212 54,370 97.199" 84.319M
1:xBoxNg 3.54af 1.01s-v 4 55%f 0.3819t 47.145% 82.564* 74.64%7
1:xB1%No 3.88u 1.06P v 4870 0.395°° 52.22kT 85.43"2 77.88°V
1:XB2xNo 3.64¢2 1.02v 4,672 0.3784t 56.75%K 88.38"mw 80.44;s
1:xB3xNo 3.93sY 1.13m 5.07%Y 0.402m 55.49" 86.98PY 82.48"p
11xBoxNy 3.77%v 1.02™v 48w 0.412mr 48.15%wW 99.61! 76.30%
11xB1xNy 4.15mt 1.240m 5.39%s 0.417%4a 47.83 91.17"u 78.95mt
1:XB2xN; 4231 1.27¢k 5.51i4 0.4317° 52.67i4 96.599° 83.84n
11xB3xNy 4. 448! 1.372h 5.81%k 0.453fk 53.78P 94 4T+ 89.61%9
11xBoxN; 3.8812 1.09°t 4,985 0.401™" 52.74ip 87.73%% 78.39M
1:1xB1xN, 4,28 1.29¢% 5.57M° 0.4439 53.67P 108.410-f 90.172f
11XB2xN, 4,03V 1.17kp 5.2PV 0.413%a 51.49% 95.749P 83.41M0
1:XB3xN, 3.99rw 1.18 5.17%V 0.407"a 59.23%h 86.01%Y 79.84kt
11xBoxN3 3.91%2 1.12ms 5.03%2 0.399r 51.77" 90.21mv 79.75K
11¥B1xN3 4,18 1.31¢ 5.4914 0.399"" 57.12¢ 93.48/" 86.63¢
1:XB2xN3 4.4Fm 1.32¢h 5.72¢ 0.466% 55.79Fm 101.19%% 82.03"a
1:XB3xN3 45251 1.4 5.920- 0.473¢h 59.8729 110.62¢ 91.23%d
1,xBoxNg 3.35f 0.92v 4.27° 0.349 53.87 94,19+ 82.46"P
1,¥B1xNo 3.42¢f 0.95w 4.38¢f 0.357¢ 58b-i 102.27% 85.34¢
1,¥B2xNo 423" 1.269" 5.5i 0.4459! 53.05/° 103.25¢ 81.35"
1,xB3%No 3.720 1.049 4,769 0.386P1 61.0724 111.84a¢ 91.86%°¢
1,¥BoxN; 3.49¢f 0.97+v 4.46%f 0.355! 56.12¢ 98.019™m 84.76"
1,xB1xN; 3.74%W 1.040u 4,799 0.3950°¢ 61.65%¢ 114.49% 92.42%
1,%ByxN; 3.54f 0.99tv 4,540 0.363" 60.3%" 98.899™m 87.63"
15xB3xNy 4.06° 1.18 5.250¢ 0.415% 62.34% 116.52%® 93.712
1,XBoxN; 3.46% 0.96% 4.434f 0.355! 56.83% 99.59%! 85.85%
1,xB1xN; 4,22k 1.2691 5.48H 0.431+° 59.56%" 103.78¢h 80.6
1,xB2xN; 3.510f 0.98:"’ 4. 5¢f 0.358|St 61.382d 95h-a \ 90.651‘e
1,xB3xN; 49w 1.15%9 5.169W 0.411" 62.872 117.47% 93.18
1,xBoxN3 3.562f 1.015v 4 582 f 0.365™ 52.741‘2 104.15°'éJ 85.11e'b'
1,xB1xN3 3.68Y 1.02™v 4.71%Y 0.385rt 61.83% 115.67% 92.71%
1,XB2xN3 3.97™ 1.14™4 5.11"x 0.407+a 60.71%¢ 109.64b-¢ 90.74%¢
1,xB3xN3 4,08M 1.2r° 5.29"t 0.416%4 63.65% 119.22 94,922
LSD 0.266 0.115 0.369 0.039 4.62 9.06 5.76
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lo, 11 and Iz are full irrigation, irrigation withholding at heading and booting stages respectively.

Bo, B1, B2 and Bz are no application of biofertilizers, application of pseudomonas, azosprilium, dual application of azosprilium

and pseudomonas. No, N1 and N2 are no foliar application, nano iron oxide foliar application, nano silicon foliar application,
nano iron-silicon foliar application. Means with similar letters in each column are not significantly different based on LSD test.



\F-¥ }_:SL;‘\V Al?‘sc|)} f’?l“ N IBPESIN 6@&5

OOA

3 Jolome oo g g Sleiome p Jelge cpl alSan
(F Jgaz) 09yl gme a0 0 S Jleis | mlas

oo 5 Sl slous
S e slas Sl il as ol (las Gl ly 4y mls

aild 8 ySUas g o lonidgn ©lio (B 31 31 85alemgil g (BT STl o m 5 SO9S o5 bl Zobaw 73T il sl 41525 F Jgu

A

Table 6. Analysis of variance of the effect of irrigation levels, biofertilizers, nano iron oxide and nano silicon on some

biochemical traits and grain yield of triticale biochemical traits and grain yield of triticale

swss 0,5 dos
Jolxo ©° il Ky pv} IRV &lgixo KpLares &ls
Ol ot 29lio Soluble o3 asl O39r0ep Sl Ol i esiileS Grain
S.0.V df sugar  Proline MDA H202 EC RWC Fv/Fm Yield
L A 2 5958™ 17.52™ 0.0368™  0.05522"  3189.4™  254.6™ 0.00057"  9294.9™
Replication
L @t 2 1114 17.10™ 0.0204™  0.07156™  1838.4™ 243.7" 0.0644™ 52308.5™
Irrigation(l)
by S 5L o - . o . o o o
) S e S 3 3207 3.181 0.00589 0.03002 1355.99™ 682.15™ 0.02911 5558.4
PGPR(B)
Oly3glb bl Jolno
Foliar of 3 177.8™ 1401 0.00378™  0.01744™  433.11™ 179.66™ 0.02685™ 8358.02™
nanoparticle (N)
1xB 6 25.4™  0.672™  0.0002" 0.0016™ 79.09" 61.89" 0.00702™ 2324.67™
IxN 6 12m 0.305™ 0.00023"*  0.00159™ 31.58™ 11.38™ 0.00553™  1610.9"
BxN 9 439"  0.286™ 0.00019"  0.00157* 71.86" 18.87°  0.00323" 2495.99™
IxBxN 18  36.6™ 0.421™ 0.00017"  0.00223" 70.11™  18.93™ 0.00216™ 2383.89™
Error ks 94 8.4 0.098 0.00007 0.0005 30.78 8.63 0.00094 764
CV (%) olpwscups 459 4.32 4.33 5.26 4.49 4.08 411 5.15

oy S g iy Jleial mhaw o o dire g o pme € (oS5 4 W gF NS
ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively.

Sl g laoptisn cops 4l Al s
Ailools Cannd (g oml mudas Cz yo oly1 ai! slaanul
- Codgousl gazs 4,5 (Kazemi Oskuei et al., 2021)
bolyl jo Jolre Glaaid g (pdsy Hozmed 6,550 sl
cge gl jESle jo 39S 092 4 Az b
A A Jy 0sdiee olS & (5gr 9 (S anie e
O S b, S e Glag iSL 9 )5 a0
3o b ol lioyee Gisrt 3l i el b sl
2 Odan eius LBk el st 2l crge gL
Sl e Glgime Sl s (reml oo bog ol oL
55l Sl haw b el carge (¥ J5oz) Sy
(Kazemi Oskuei et al., 2021) 54 o
g Boyb 5l ol Cosgame Ll o 55 (sl
SFmgn w5 (Gedsn 9 Joloee laasd) Lot gen
obS Jord wge «2LS slapyge,50 (Fp g bl gen
bl s 5o b gonl cose DI Eogd o o255 Lyl 0

Sz slag Lo 5 (S G5 Sad L

o185 s 5 Jsloee laaid slgime Sl 39L 5 o)
Lalys o ohdgh 5 ab) Syme oSk o)l il
5 TR il corge ] aloye o gylsl alad
4 S (dsn 5 Jobre slowsd lyme goo ;0 FI/FO
Lol s o ol)dgl g b, S e o xSk o )8 pas
s oo O lalid o (Y Jeem) ws LS sl
3 bl G (g ioml slaliblre (lgieay Jolxe slanid
"o Wl oS pln 5o el sleails S, Sl caladlrs
Siz Gkl dsenl B p edle gn S
Tawfk ) s a0 olS cawglin iolsél g o1 sla G0,
S b slaisS Jlge o 1, Lol i (et al., 2021
(Islam et al., 2022) &S o Ll 55,1 el 9 (ROS)
53 Jeloe sloaid g (g loime B s Sl &
Sy SIS o5 I T 5 co a5 LS
o g BYS 05d g0 Cgime i Lulpd el



004 TS i o S 5 0 Shes 5 Syl sed bianli o o il ol s 1) Kan 5 BT

0o, S Jloio! mhaw 5o 5g,000 annSTy g RRRVIIPX
oolle Gleowe ol lis mls (F Jgoz) b lo piee
xS oIS pae Ll 50 559008 a9 asWlgo
3 6okl alad Ll s cow sl gk, S e sl
OYNF 5 OFIYY s 3 4 Sialidl crge (ool al>
Sl 559 y0ud le 9 u\.:.‘:u\.ﬂd.b O}H.o Slgize gas,0
Cos Oldel g ab, I me las S ply o) 4
o3lle slyime Gl (Y Jsom) 0 JulS (s )ll Ll
oo plis GRS dalpd )0 ()39, weeSTyy 5 0l
sabal3l T slaod g ossocaw! clié sl a5 coul ]
ol 5 bl s o aS ROS bS5 0925 Jds g
gy ool gs slle g oud oapnSTyy b ol ol oo
05wy e i 4 (Tawfk et al., 2021) seis o
-5l sleepl i S bl b sSikewgils
55 ol slaé 5 cliblns 5 (O 3o s
9 O399 deaSTy LSS 2alS g (o] glannSTy
5 Gelon 2B Gl slacdgenl (hll Gioes
Ll 4 olS yie Jood crge (V J502) Jolone sloais
s olle slyme ¢ (AlKahtani et al., 2021) oo s
SalS 58 68l fwizren (Y Jgaz) ols Lzals | oSl
ol e i sy s cos ROS LSas
fons S g 5 ingid S50 41 y2ie ROS phaws 228
AlKahtani et al., ) sgi oo stie oyl ;0 olS o
Ho0s pazss ials b (pa] apST 56 cppizan (2021
Slapsl Gl Ly 00,8 Lai |y oo slid S LS,
55emS1 Jlab $atisT oo wmgo (O J3o) a1 51
oels cde liaxe (Tawfk et al., 2021) sei o
OlS 5o Gissed wmSTy 5 asdllies pelle (slyome
adlbre i as |y 0l S e sla o xS L oo Lo
5 O5eS| Jbd ladisS rozd 2ol 0 g SL Gl
Coled o aS ol Cans o] awlannSTy, 516 Sl
3550 G5arked demSTy g asles (alle ialiEl aile

(Aghaei et al., 2021)

i gl
o] ol S a5 ol gl ey s ls
5 (02 5 0sebw) S0l 5 0, S e slag ST
Jo! mhu o (SO asdl colan  Jelge o) iiSen
a0 50 G)lol @had (P Jgux) o9 Llo e Gy SO

5 Lad slul jo bacudgenl Cote B @ (lyige 5
3ls o 2L sla g (S3glg 58 (Sas 5l s S gl
Gk 5l ek (ol p odle (Khaled et al., 2020)
O 59,55 GRalS 9 (0 J9uz) Jed9lS sleime (0 YL
Ol RPN coge (St 25 Ll Cod S
sload oady Gl Coleys 9 (S weSles S
S9se oS )3 St ge 9 (V J592) o 5 Jobore
(Silva etal., 2012)

obe (Narimani et al., 2020b) o, Sen 5 Sles
sloas lyime ool wSll sl e o5 wio,S
oalj mlols ole yrolidl Sis s cod |y g 9 Joloes
Ks,S i,l55 (Dadashzadeh et al., 2018) .l Sen 4
5 ool Olien il el ol snSTals 2L Jslona o
2 Odan Sl wd 15 llyd )0 5> sl slaacs
ol (g pal Cunglio 1 (oot G Jobw (950 9 092
Ol 3geeS Lyl 55 .S o Lyl by 25 ary s il
5 Jsigies 5 ol Seabiglf | ulyy Fiiase A
s ol izl g 3! LS o Jyles clys 1S
sl Jylos 9,0 4o ol @55 b sy g Jyssiems 1o
5 FsSly oot Sl 4 (ndgp Jlop Lulpd )0 09
Ll po cod oS aS (al s 5o (Jg b oo JUT e Dl
JUES! Jgj5ims 4 S55ST9 51 redg g 05 S8 (Sas s
aS LS 4, (Lehmann et al., 2010) ab
@l 5l ol Hlade WS (oo 3 (SaS s e
SlooasS ooy w0 1) 093 (e 9 (S
il yes JLad alsn L S (oo g n S 5l s el
(Aranjuelo et al., 2011) a5 L 1) 553 sl Jsbos
20l e G5 3l Jslome (slaaid slyiome ol e 1
S sl sloaid pedpilin Jstas 505 sl 3]
Bl Gl sl a5 el bl Gl oo cnlple 2580
G o ool Slgl (S 15 ae Sl Sy
Olon Rl alalsa) (s el @elass a3 5o sloaslss
O 4 Saagliie )3 Wl oo WS (o0 Wl (Jolore (slani3 4
Al fge Al 5 olS (Sas

OJa s dnTyt g bl g0 (yollo slsizo
‘g_;)L,g-g] ol lplas ol las uibylg a i =
5 (521 5 GsSaliwgil) @lhdgl g ad) S xe slags =S
oo Glgizma p Jelge (ol Alfaw 5 AlSgs sla iuSon



\F-¥ }fjli‘\VAl?‘Gc|)} f’?l“)Q h'.zgsu&;

NZ

ol g elad jlsle s crge (V J30z) asdllise
telie @l b (V Joo2) o2 S (oSl Solaa
= (Aghaei et al., 2021) -, Ken 5 BT Lwg 55
Sk oL pasS oS o Johe slac (sl sgnte

sl 00 555 A, S e

S o (o gz
5 O9%ehegil) Oldel b S slag L ol
2 ol ol o iaSan s g (6Ll clizee sl 5 (2]
Al e duoyd S et mhaws 5o Ol (d (glgie
S o sl xSL o5 al sals Glals L awslie o
crge Jol5 bl Ll jo gl (il Jole 5 0
pAs A Coud u] e 6\91.>u AN YO/IAY UMJJS\
ahad byl b cod Dl 3gl g al, Sy glag xSU ol
b Liels o a5 (il b Ol s slgime rals
o2 4l o u_;T Jols a5 al ol Gix e Cudgase
(Aghaei et al., 2021) w; o

L &S olfn ol Cosgame Lyls cov bl
B I3 5l S35 5 0, o e slos 5T,
O OBLS b anglie o O (oo g 5 2y
adad Loyl s Cos 1355l g 0l Sy sl s 2SL o S
3 g mSL (Y Jaaz) wisle las QS;;:..A.).T al> 10 50 5Ll
oS 55 55 slotdplie 055 Sl 2 6351 3 b
Rl b azaie o (V Jooz) (skme B g (dsy)
odz il gl bl olS 31 50 (6 eml Jadls
Ol Jis a5 beady, (37w 55 5 gl pole 5 O
Kazemi ) oS o pold Sy Ol s Glgizme iol38l
Sonte b Lo xS ol yien (Oskuei et al., 2021
Lo g 5 (0 J302) plaeaST T slae T codlad
02 S35 b Jolre b O (o slymone R0 (25
Sle bt St bulh cos (osSeasls
O S cdale o8l 4 SST L o) el 4
|yl 3l (B 5 S o ol eli (55l 3500 o (ol
05 JUEsl e yems d5ete 9 ROS oz 205 6l

gl g ad; Syme slasSh 9p)5 g0 e
@ S SN Colae gao s YOIV il e ge
Lulps cow Ol3gl 5 asy Syme slags S ol 2,18
S calie K50 Gl (V J5uz) ob JelS (s k]
FB jsbas Jol5 5kl 4 s o Codgaze Lalyd o
A s & Gl ol (V Jgaz) <l bl ez
e alomdly slid & o o T Cusgame wgllask
Jallae Giolojl b b a8 ol clid (60l 5 eaodly g
cov 9> ol o (Abdelaal et al., 2020) ), Ken 4
a3l elle gl gm0 s Clllas (Sis i
Sl S 5 Gle 5o a5 ol Glas (59,008 aSTy
(V' J592) (spied aeaS Ty 5 a5allie0 (yglle (slyiea oS
ol B 58 ez S S aS Colae e g iSTas
GLid s 03y ol 5 U Wi e 45 (V Jsuz) by
9 oSt JUb GlaaieS adgi b 5 Cuoglie 2alS g (Jobos
Al gslannsT i olall
5 oD Sldgl 5 iy e clog S 5l eslina
Calae (ol crge )lnl wlad Lulyd o (0sSekowsil
5l STl sy oo S5 @ (Y o) 0 (S 25!
YU  SlawsT Bl o 31 cldled juolidl 6 )b
2l ot 88 (0 J592) GlaST J23 Ly jlacsTy
Gpias ;o ol oy 5 ol Gl iGel, bas
9,cpl;l (Narimani et al., 2020b) oS o Wyl olas
Ol 4 ol Jes Gl L el ool sl
- S50l oS Gi glas 3T oy zalsil ol 5 (Kis
5095 hoaw o B (15 il 098 pe crge (Ol3T slo
o A @ iz IS alS ks s e o gams o
SilS b sSiles 0,l5 b SoiSl colan alS g,
5 ode) L5l lacdsenl S5 5 asalles oglle
AlKahtani et ) aisb bas e (V Jgoz) ek slaaid
S enSolr 015 65 8 s &Sl @l 2021
Pl Lai g Lo JsSUg09,Se 45265 5 b il 50
o5 dlexl (o sla 5 g8y pllin 5o sk o)l
S Sl 3l dwyee Sl A g Rl )l (Sis
(V' J592) o n lyome Al L D39l 5 ) 5 jone
WS (oo S8 (SaS i plp 50 olS Ceeglie Al 4,
op,5 (Ahmadi Nouraldinvand et al., 2021)
OlaemeST BT glag 5T (aal38l b oy S yme (slas ST
Odle 5 0o e weaSTn lgime falS 5 (0 J9u)



0% TS i o S 5 0 Shes 5 Syl sed bianli o o il ol s 1) Kan 5 BT

5 Sy 3L Gl g logine Hobay (Sas Lyl
ol 5l sase (Narimani et al., 2020b) ) Sen
ahulgey pasS o (Sid 25 alyh )0 (cegilsS o Sles
- 5T glam 5T colled Laalsl ey, ] aeSTgil o, 8
Gl 3 3ld Cennd Jolone 08 5 g (slyiore o SlaensS]
Gl b ool aenSTol 0 )8 wesy o Sl & (o) 2
Sl lyome 5 (0 J3o) (Gl ol lag 3T colled
o5l 3,hes 3 wge ((V J9ux) Jslme 05
OSes 5 Slex Olxe el ead (V0 Jgu)
as axsls lebl (Mehraban Joubani et al., 2019)
oIl g S (o Slgome 35t b Gkl 0 )8
eerlsS S Sles dptr g gpegd Codb

RGP TJVRE SO | IPCOWOST

Wl o Kloc

Sy3eil sy S yome (glais S s el ok SRS pn
S Jlasl s 5o 4l 3,5kos s (o8] 5 035ebewsil)
r"y 0,5 aS oy Hlis s (F Jgu) 090 lo Fxe auo o
Lulyd cod Sldgl (o8h Jelone g 0l S yome slags S
G &l 3 Sloe (g, FYIVA aoliél 51 S (g ,La]
dgl 9wl S yme s iSL 05 poe byl i 4
351 510,95 5 (Sl dlpe o gLl plad Laylyd o
S ge (S Fgd e ;3 PSTL (S (Y Jg0)
Smeed D3T3 05300 STy sliine Gl
0,8 sl s e (Islam et al., 2022) s4i o
- 5T byl colled il Lo, e sbaes ST
wrye 5l sbcdsenl Slpime Sege 5 (SlaS]
) ails o Shoe g oad (25 4y Cand 0l Caoglie il
Sy 0 5 & (Aghaei et al., 2020) sisu o Seupe
i g ool Gl Ll S e slas S
Cody gty g O39S 9 phed WSl i polie
Lesly ol 5o gdige o1 9,las aziii)s g oS (glayiss
aS Woges bl (Aghaei et al., 2021) l,Sen 4 LB
G b o ulpd S by S e 555 0,8
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Table 7. Mean comparison of the effect of irrigation levels, biofertilizers, nano iron oxide and nano silicon on some
biochemical traits and grain yield of triticale

Rew 1%

Sl

ol lgizxo

3 ySlos

- &> 3 Slos
ol S el glaaid odgn wadullgo glle 039y st st =818 Grain
Treatments Soluble sugar Proline MDA H202 EC RWC Fv/IFm yield
mg.g FW! umol.gFW?t  ——eeeeee- umol.g FW? - uS.cm™ % g.m?
loxBoxNo 50.52¢ 6.03f 0.208i" 0.432kP 126.7¢" 69.9%s 0.73+° 528.8m"
loxB1xNo 55.54' 6.31¢f 0.1845w 0.433¥° 123.1i4 73.63n 0.695°% 564,589
loxB2XNo 52.074 6.18¢f 0.195™ 0.402°v 118.1mu 74.23%M 0.758¢! 539.3k0
loxB3xNo 60.941 6.66°V 0.171w= 0.363%2 110.2tw 71.36+ 0.8124 570.1¢"
loXBoxN1 62.57i° 7.61fn 0.203%P 0.418% 120.96k" 7154 0.787¢h 550,25
loxB1xN1 58.2°% 6.36"f 0.169*2 0.36"2 120.56k" 69.53mt 0.747"n 586h-¢
loxB2xN1 60.56%4 7.050% 0.178%Y 0.407"t 114.2%v 74,768 0.776>" 57859
1o0xB3xN1 61.62i° 6.89"2 0.165Y 0.352¥2 108.56"" 79.7%¢ 0.818*>  588.8%¢
10xBoxN2 62.745° 7.23"t 0.196ms 0.405°¢ 119.3%s 70.2%a 0.755™  562.5¢-j
10xB1xN2 58.46" 6.714 0.178x 0.382s2 130.2% 72.539° 0.825°  566.76"
loXB2xN2 62.67i° 6.412f 0.177vY 0.373%2 116.17V 76.23Mv 0.797¢h  583,15f
10xB3xN2 62.62i° 7.10w 0.164¥* 0.35 114.6%v 81.33%® 0.8292  593.76%°¢
loXBoxN3s 54275 6.274f 0.191pv 0.396PW 117.56°t 71.26+ 0.794¢h 573,349
loxB1xN3s 57.04ps 6.57¢* 0.165%2 0.356** 112.5Mw 74468 0.759" 596.962
10xB2xN3 60.99i4 6.9592 0.172wy 0.366"2 109.54w 79.93%¢ 0.82&¢  590.4d
10xB3xN3 63.47Fm 7.25mt 0.1587 0.3487 104.66% 82.42 0.8342 604.732
1:1xBoxNo 56.66 6.46%2 0.231b- 0.496%¢ 134.96%¢ 65.33%* 0.666"  470.73%¢
11xB1XNo 59.95+ 6.81°¢% 0.225%h 0.472¢ 130.6°1 71.869P 0.701™s  491.4w=
1:1xB2xNo 57.7ps 6.61°W 0.2290f 0.482%9 119.4%s 67.137V 0.791%h  501.3ux
11xB3xNo 62.99i 7.15™V 0.217¢ 0.452f 115.5pV 77.530f 0.79¢" 507.85W
1:1xBoxN1 57.37Ps 6.51FY 0.231b- 0.488>" 65.76"  128.83%k  0.706™"  488.3%%
11xB1xN1 64.08"! 7.34k 0.216M 0.469% 68.66°Y 129.46%k 0.661"t  526.68"
1:1xB2xN1 65.41¢7 6.85" 0.206i° 0.483¢f 65.76"W 131.2v1 0.776%"  520.01°
11XB3xN1 67.84% 7.75%M 0.187%Vv 0.3919* 75.36¢1 111.53%w 0.803>f 554 8k
11xBoxN2 58.96™m* 6.75% 0.2289 0.481°9 64.43u% 133.36%¢ 0.678Ps  496.2VY
11xB1xN2 64.699°K 7.51Mp 0.21+m 0.439° 69.73' 125.5%° 0.68P  523.48°
11xB2xN2 58.23%% 7.19mv 0.198ms 0.409™ 71.869P 128.16%! 0.703™  532.96"4
11xB3xN2 69.1909 7.89¢7 0.197ms 0.379%7 78.96%¢ 132.26™"  0.806*¢  546.3IM
11xBoxN3 61.1-4 7.02PY 0.223¢ 0.4618% 68.9mu 127.73¢™M 0.788*"  515.1%u
11xB1xN3 65.38¢1 7.4i4 0.205P 0.424+a 72.39° 123.56° 0.772¢1  563.1191
11xB2xN3 57.47v 6.69¢ 0.185"w 0.388"Y 75.86¢ 118.86™t 0.773¢1  535.76'P
11xB3xN3 70.35%¢ 8.0449 0.174vy 0.37v2 79.6%d 110.9sw 0.812*4  575,9%9
12xBoxNo 63.88"! 7.3%s 0.2472 0.5332 60.66* 1422 0.613 422.05'
12xB1xNo 69.59 8.26%¢ 0.235%°¢ 0.418" 70.06ks 129k 0.676%  450.7¢"
12xB2xNo 58.94ms 7.62fn 0.239% 0.522%® 66.76%4W 124.4 0.706™"  435.86"
12xB3xNo 70.83%¢ 8.1%f 0.232b 0.493b-¢ 75.06%1 132,930 0.653%  454.8%9
12xBoxN1 72.03%4 7.569° 0.2061° 0.43kp 62.2W% 139.7% 0.702™  439.419"
12xB1XN1 59.45% 7.93 0.226"h 0.477%h 76.3vh 131.50 0.725°  480.1>Y
12xB2xN1 71.722d 8.2%¢ 0.213" 0.442M 62.9V* 120.7k" 0.7539™  463.10¢
12xB3xN1 732 8.43 0.201+a 0.415ms 75.8¢1 117.06°v 0.71+ 493.3V%
12xBoxN2 64.981« 7.46+ 0.2382 0.517%¢ 63.36v* 137.26%4 0.6729% 444,68
12xB1XN2 71.0824 7.9800 0.218% 0.409"t 71.6Mp 127.165™ 0.735*°  466.3b¢
12xB2XN2 68.32¢ 7.814 0.207¥° 0.466% 64.96* 133.662f 0.68P5  475.38%%
12xB3xN2 73.017¢ 8.38%¢ 0.1994 0.412™s 76.6"9 122,94 0.696°s 511.38™
12XBoxN3 62.71i° 7.844k 0.2332d 0.5012¢ 72.93f0 139.23%¢ 0.72%a  458.26°f
12xB1xN3 72.56%¢ 6.820 0.208i" 0.435K° 73.93fm 125.13F° 0.764%k  4895%7
12xB2xN3 69.92%¢ 8.16%°¢ 0.2159k 0.4479™m 71.969° 124.03"p 0.749"" 504,51t
12XB3xN3 74.232 8.53¢2 0.193°t 0.389%Y 78.7%¢ 113.2"W 0.8%9 542.7%n
LSD 4,71 0.508 0.014 0.036 4,76 8.99 0.049 18.15

5y )5 « wligogdgm 38 ¢t ; (sladgS 5,0)8 pae Loy 4 Bz g B2 B1 Bo . sl 5 (msalins dls jo p3 (g5l aad (JolS gyl e 12 911 do
95alogil (BbJgle g ol 4Tl (8L Jgle ¢ sl gl pas oS 5y N3 g N2 N1 N0 poaly jwg T 5 (obigogdgm plgs 530,18 g poals yewsl

Lyl e b LSD O}A}'“ ool gyl gize &bl B3| Ogiuw 2 53 dlie Bgys b gla Sk

lo, 11 and I2: full irrigation, irrigation withholding at heading and booting stage respectively. Bo, B1, B2 and Bz are no application
of biofertilizers, application of pseudomonas, azosprilium, dual application of azosprilium and pseudomonas. No, N1 and N2
are no foliar application, nano iron oxide foliar application, nano silicon foliar application, nano iron-silicon foliar application.
Means with similar letters in each column are not significantly different based on LSD test.
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Table 8. Simple correlation coefficients of studied traits
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JTC N BN P SR PN PSCI PO I L I N PO
09> Sl slacudld 4 Jolo (i 5 oy Bl 4l
Thalooth et al., ) aes oo anlsl i oyl i cos >
Jkbl s (Nazari et al., 2022) o1, S 4 s,k (2006
Slop ] Colld g b 5Seleawsil 0)l5 a5 wizils
alS e 55l slacdsenl (glgime 5 oS
o8 carge waallien (oo § () SenSTy (slgime
Orired Al (Sis iyl il 5o Al 5 als o Slas
Sl (Narimani et al., 2020b) |5 5 Slou
(0998 3, Sloc 39 b ool aeS1gl o p )15 as asls
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o 5 il b st wls o Shes il s
OFehesil) )3l 5 0l y S yome slas 2SL 08w
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Trait cho 1 2 3 4 5 6 7
1 EC A ey lon 1

2 RWC o ool glgime 0463 1

3 FvIFm ogiileS 5,%las  -0.515™  0.433™ 1

4 MDA asullgs oo 0.285  -0.187° -0.557" 1

5 H.0; 390w sl 02417 -0.560™ -0.536"  0.521 1

6 Chlorophyll a a Judg,ls -0.676™ 03917 0597  -0.660™ -0.335" 1

7 Chlorophyll b b Lés,s -0.606" 0605~ 0.494~ -0.213" -0.533" 0.709" 1
8 Total Chlorophyll JS Judels 0,699 0.482°  0.604™  -0.566™ -0.417" 0.976™  0.844™
9 Carotenoid adsid,l5 04137 0.039™  0.440™  -0.784  -0.066™ 0.795™  0.151™
10 Proline sy -0.226"  0.042% -0.080" 0147  0.332™ 0.016™  -0.162"
11 Soluble sugar Jsloe gbasd  -0.165"  -0.003® -0.026™  0.057™  0.194" -0.047™  -0.199"
12 Catalase S 0389 0.089™ -0.0527  -0.025"  -0.202 -0.414" -0.377"
13 Peroxidase JowewSTy 035 0.0517 -0.0140" -0.068™ -0.134" -0.261%  -0.29™
14 Polyphenol oxidase jlwwS1Jsdl -0.237° -0.153® 0.069™ -0.351"  0.374™ 0.288"  -0.300"
15 Grain yield als s, Sl -0.631% 0452 0.634~ -0.691" -0.522~ 0.793"  0.630™
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Table 8. Continued

orf

alol A Jgus

Trait o 8 10 11 12 13 14
8 Total Chlorophyll JS b yls 1

9 Carotenoid g5 0.650™

10 Proline oddsy -0.037™  0.108" 1

11 soluble sugar Jslxe souid  -0.097™  0.056™  0.829™ 1

12 Catalase YUl 0430 -0.245™  0.106™  0.279™ 1

13 peroxidase Slawasly  -0.287° -0.1117  0.074™  0.177°  0.755™ 1

14 polyphenol oxidase — jlwwsStJed s 0.126™  0.626™  0.633™ 0.588™  0.041™  0.076™ 1
15 Grain yield gls o, Shee  0.795™  0.582™  -0.142" -0.124™ -0.375 -0.360" 0.126™

Ao )0 G gt Jloiol maw (o lo pxe gl Sre oS5 4 g % NS
ns, * and ** are non-significant, significant at p<0.05 and p<0.01, respectively
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