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Abstract

In order to investigate the effects of nanoparticles (nano Fe-Si oxide) and biofertilizers
(Azospirillum lipoferum and Pseudomonas putida) on chlorophyll fluorescence
components and some physiological traits of triticale at different levels of irrigation, an
experimental as the factorial study was conducted based on randomized complete block
design with three replications. The studied factors included three levels of irrigation
(full irrigation as control, irrigation withholding at 50% of booting and heading stages
as severe, and moderate water limitation, respectively), application of biofertilizers
(Azospirillum lipoferum and Pseudomonas putida) in four levels, and nanoparticles
foliar application (nano iron oxide and nano silicon oxide) at four levels. Both
applications of plant growth-promoting rhizobacteria and nanoparticle foliar application
under full irrigation increased chlorophyll index (50.23%), relative water content
(43.97%), stomatal conductance (36.78%), quantum vyield (47.38%), maximum
fluorescence (34.84%), variable fluorescence (98.49%), and grain yield (43.28%) in
comparison to no application of biofertilizers and nanoparticles under irrigation
withholding at booting stage. Both applications of plant growth-promoting rhizobacteria
and nanoparticles increased the chlorophyll index, relative water content, stomatal
conductance, quantum yield, maximum fluorescence, variable fluorescence and grain
yield in both levels of full irrigation and severe water limitation, but decreased
electrolyte leakage and minimum fluorescence. In addition, severe water limitation or
irrigation withholding at the booting stage increased chlorophyll index (7.74%), relative
water content (10.99%), stomatal conductance (22.46%), quantum vyield (15.2%),
maximum fluorescence (26.54%), variable fluorescence (75.61%) and grain yield
(28.59%) in comparison to no application of biofertilizers and nanoparticles at the same
irrigation level. Generally, the application of biofertilizers and nanoparticles showed a
better performance at different irrigation levels due to the improvement of physiological

traits.
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Introduction

Triticale is a human-made crop, being a hybrid by cross-fertilization of wheat (Triticum
spp.) and rye (Secale spp.). In general, triticale combines the high yield potential of
wheat with the biotic and abiotic stress tolerance of rye, making it more suitable for
production in marginal areas (acidic, saline, or soils with heavy metal toxicity) (Cantale
et al. 2016). In arid and semi-arid regions, drought stress as the main factor and salinity
stress as a secondary factor decrease plant growth and yield. Water limitation can
damage pigments and plastids, and educe chlorophyll index, stomatal conductance,
quantum yield, and relative water content. Several strategies have been developed in
order to decrease the toxic effects caused by environmental stresses on plant growth.
Among them, the use of bio-fertilizers such as plant growth-promoting rhizobacteria
(PGPR) and also nanoparticles such as nano iron-silicon oxide plays a very important
role in yield improvement. Inoculation of plants with native suitable microorganisms
may decrease the deleterious effects of environmental stresses and increase stress
resistance of plants by various mechanisms, including synthesis of phytohormones such
as auxins, cytokinin and gibberellins, solubilization of minerals like phosphorus,
production of siderophores and increase in nutrient uptake. There is little information on
the effects of nanoparticles and biofertilizers on chlorophyll fluorescence components
and some physiological traits of triticale at different irrigation levels. Therefore, the
objective of the present study was to evaluate the effect of nanoparticles (nano Fe-Si
oxide) and biofertilizers (Azospirillum lipoferum and Pseudomonas putida) on
chlorophyll fluorescence components and some physiological traits of triticale at
different levels of irrigation.

Materials and Methods

An experiment as factorial was conducted based on a randomized complete block
design with three replications at the research farm of the Faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili in 2021. The experimental
factors included 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), the application of biofertilizers
in four levels (no application as control, application of Azospirillum, Pseudomonas,
both application Azospirillum + Pseudomonas) and nanoparticles foliar application at
four levels (foliar application with water as control, nano iron oxide foliar application (1
g.L™), nano silicon oxide (50 mg.L™), both application nano iron-silicon oxide).
Psedomunas and Azospirillum were isolated from the rhizospheres of wheat by the
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 stralns and cell densities of microorganisms used as PGPR in this
experiment were 1x10® colony forming units (CFU). In each plot, there were 5 rows
with 2 m long. In each experimental plot, two beside rows and 0.5 m from the beginning
and end of planting lines were removed as margin, and measurements were done on 0.2
m? for grain yield. The used nano silicon-iron oxide had an average g)artlcle size of less
than 30 nm and the special surface of particles was more than 30 m“.g™ They were the
product of Nanomaterial US Research which was provided by Pishgaman
Nanomaterials Company of Iran. Nano silicon oxide and nano silicon oxide powder
were added to deionized water and placed on ultrasonic equipment (100 W and 40 kHz)
on a shaker for better solution. Foliar application of nano silicon and nano iron oxide
was done in two stages of period growth BBCH 21 and 30. Chlorophyll Index was
calculated by a chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., Japan).
RWC and EL were measured according to the method of Kostopoulou et al. (2010) and
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Farooq and Azam (2006), respectively. Quantum yield was measured on flag leaves by
the uppermost fool expanded leaf using a fluorometer (chlorophyll fluorometer; Optic
Science-0S-30 U.S.A.). Analysis of variance and mean comparisons were performed
using software package SAS vg1,. The main effects and interactions were compared by
LSD (least significant difference) test at the 0.05 probability level, using the SAS
version 9.1.

Results and Discussion

The results showed that both applications of plant growth-promoting rhizobacteria and
nanoparticle foliar application under full irrigation increased chlorophyll index
(50.23%), relative water content (43.97%), stomatal conductance (36.78%), quantum
yield (47.38%), maximum fluorescence (34.84%), variable fluorescence (98.49%), and
grain yield (43.28%) in comparison to no application of biofertilizers and nanoparticles
under irrigation withholding at booting stage. Both applications of plant growth-
promoting rhizobacteria and nanoparticles increased chlorophyll index, relative water
content, stomatal conductance, quantum vyield, maximum fluorescence, variable
fluorescence, and grain yield at both levels of full irrigation and severe water limitation,
but decreased electrolyte leakage and minimum fluorescence. In addition, severe water
limitation or irrigation withholding at the booting stage increased chlorophyll index
(7.74%), relative water content (10.99%), stomatal conductance (22.46%), quantum
yield (15.2%), maximum fluorescence (26.54%), variable fluorescence (75.61%), and
grain yield (28.59%) in comparison to no application of biofertilizers and nanoparticles
at the same level from irrigation levels.

Conclusion

Based on the results of the study, the application of biofertilizers and nanoparticles
showed a better performance at different irrigation levels due to the improvement of
physiological traits. In other words, the effects of the simultaneous application of PGPR
and nanoparticle inoculation are more positive than the single application of PGPB and
nanoparticles. Therefore, one of the suitable methods to improve plants' resistance to
environmental stress is the application of PGPB and nanoparticles, which play a very
important role in yield and growth improvement.

Keywords: Pseudomonas, Quantum Yield, Relative Water Content, Nano Silicon,
Electrolyte Leakage
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Table 2- nano iron-silicon oxide properties
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S 0T ¢85 2 48T (ol Lo ¢ poliznso s
Jsdoe ol o s 555 Jlab 5 0k (STl sk V2
u)@#@“%“%f%d‘x@f@«’
Joe 5o Celu 95 Do bghiea ol el oslizal
il d s dous B 035 ), 5 S b g oS i
6293 3l ad> 1o 53 53 05k 5 aT US40
S (Al g (A ] ) (g A
At plasl (BBCH ole 51¥+ 5 Y ST L Uolo

IS 5 sy 5555 Isb 4o sz Ll 3 -F U

ool 309 g sls = » als

(o) Sk o/0 \$/A /v v/ Y/

(15 Sl i 53) Les Kl Ve \o/ \a/Y \AAx AV
(4 33) gomss sy Jams g0 2l VY sy oA OA
ST Sleba ¢ pazme Y9V YEA/Y A5/ ¥4 v.q

(SOU L odks B350 5 51 e by ) Fy
Ll Il i o 5157 > Shas) PPy 5
Lo eSS s sler o (SOU L eds 850
(Chlorophyll |55 JS" uiluny g6 o8& o
fluorometer; Optic Science-0S-30 USA)
o S VS e s S eI
Aty a ol bl )3 jlas a5l adlann 5
aids Yol ey 5 LSl ol jba aulesT
SFFm Frn Fo sla e Ls (5 -8 o1l ( S ,6

A el o satee la e LS LR

Claci v Ol w5 Sy, 6 S el

(s ST il o (sl st L) ¢S5 5 55
el o Jds IS G Lt (O i (615
N o 55070 S (e g SI o 5 (lais,
(BBCH 0% Jslae asaliw ik o 3) CilS”
1> Ol Al je) SIS ey 555 AQ L 5 5T
b e Ls . osls aslsl (BBCH V¥ L Jslas
Sl =) Fo Jols o8, b5 IS il sl
Fin (S0 L odd )8 5le 8 0 51 uilw 5l

(S b Lo )8 5l &5 51 il STI0)



VY Sl cpgm 5 ol 85l o sler Jlo 01l (ALE bt 5

A

S9N el

- Tt 315 Ol il ylg 4 2 ol
Sl U ihd pdoe 5 Ay &S e slas ST
20 S b S el 0 S 5 T
0 5V ozt b 55 ()l mad god Jor o plas
(F Jyas) Sl Hlalims Ao s

23 J85 A8 L s Dl g, e
o=l ol (v JSs) ol Cades 5w
elia bd (55 s, bl el 53 jela
gl Jeorl o 53 OT Jldie a8 (g s barsy 5515
o o 4 0S5 L g S 5L 5 (55 240 5
syl Sy s,y dacs L oad s Sdou,
&S e sLacs STL 3 LS 51 s i e() JS8)
Sl ks I35 0 5k 5 aT nSTI 5L 5 s
Aas e 0L (5,28 Ol g Jdy IS el
3l 03 (V JS8) Jbs JS7 sl ST
o 5 iy &S e sl ST pl ys
aS Ad edalin JulS (g LT Lal 2 55 Sly3 40
38 pds d S (5 3 O /YY) 53
O3 e Gl d sl Q,L:;rl?alj ) S S
530M 3 T il o Lo (LT olad Lyl 13 55
() JS8) csls BBCH VY) cslS” 51y

e
L;uo.\_;;{m_&: Cble gl 5 ST Cusgdou
S ST o 48 55 b e 5b ol sl Ay
A JBs S 258 o 5 el D35 IS 0 5T
((Yaseen et al., 2020) 555 4 25 o 5T o2
s 33 ST C b vy oo b a (cpls sl
LS (gl s ban i) &S e glag ST

<slaa (Kheirizadeh Arough et al., 2019)
(Porometer e oS | o K e,
AP4, Delta-T Devices Itd., Cambridge, UK)
L Jebs IS el o, -8 oslul s ¢ 8ol
33 (om5 U sis SPAD-502) e b5 IS olKaws
ssbiean el o) sl Gl ol
O o (S gimn A 3> Sl ks digy (5,8 031k
5 Blann 5 o 8 F oz 5 (RWC)
3 e 5 Ol galar jabas  dslaT dsly
oS 033 (o T Sla s )3 (35,13
4 e Dl 3 Uik 0313 513 B (65 5 (S
ST e (S gime e 5 bl Sl ol 3T
Kostopoulou et al. (2010) sslg—in alal,
A dnloes
RWC=(Fy-Dw)/(Tw-Dw)x100 ..... (1 il )

858 Fw o s (gl smee RWC calaly ol o
el @S 0355 Dy g b wlbeT 055 Ty o 5

ol 5 dshw Sl ey S s do s
{(Farooq & Azam, 2006) i awsl>es ¥ dlal
(¥ il )
Jshe slae 5l laed s S cti d ,>=(EC1/EC,)x100
25 ECy 5 sk 5l adsl is ECy el ol s
RCIW P

3 g 1Y Jolae (oebons 51 4l 5 Sles
S 3l e 55, S s dol by b
= 5 Loesls A g S 3,597 o lasl>
4w lae g Excel 5 SASq 6&,1};\(,' L L yls gl
O Jlwil o 53 LSD 05037 L La Lo

LA rbu‘ Loy



4

(x Triticosecale dl8x 5 <555 50 i (555 Jbs IS uiluy sl ol 5 oS50 om glassS 5 D356 5, 3!

OSan 5 b o e D55 6ol T Calises sk 5> Wittmack)

(Yaseen et al., 2020) das o !5

f

‘Jﬁﬁgf&ﬁ){u"u‘f‘w’“ﬁ“bﬁs‘

ol = gla 53 A2 5 o 2 &5 1 (SPAD) s I Lasls 3 Sly3 56 5 &350 sm slan S b il o5 —F Jur

kT

Table 4- Variance analysis of the effects of bio fertilizers and nanoparticles on chlorophyll index (SPAD) flag leaf of

triticale under different levels of irrigation
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Figure 1- The effects of bio fertilizers and nanoparticles on variation of chlorophyll index (SPAD) flag leaf of
triticale under different levels of irrigation. A) No foliar application + full irrigation, B) Full irrigation + nano iron
oxide foliar application, C) Full irrigation + nano silicon foliar application, D) Full irrigation + nano iron-silicon
foliar application, E) irrigation withholding at 50% heading + no foliar application, F) irrigation withholding at 50%
heading + nano iron oxide foliar application, G) irrigation withholding at 50% heading + nano silicon foliar
application, H) irrigation withholding at 50% heading + nano iron-silicon foliar application, 1) irrigation withholding

at 50% booting + no foliar application, J) irrigation withholding at 50% booting + nano iron oxide foliar application,
K) irrigation withholding at 50% booting + nano silicon foliar application, L) irrigation withholding at 50% booting +
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nano iron-silicon foliar application.
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Table 5- Variance analysis of the effects of bio fertilizers and nanoparticles on relative water content (RWC) flag leaf
triticale under different levels of irrigation
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Figure 2- The effects of bio fertilizers and nanoparticles on variation of chlorophyll index (SPAD) flag leaf of
triticale under different levels of irrigation. A) No foliar application + full irrigation, B) Full irrigation + nano iron
oxide foliar application, C) Full irrigation + nano silicon foliar application, D) Full irrigation + nano iron-silicon
foliar application, E) irrigation withholding at 50% heading + no foliar application, F) irrigation withholding at 50%
heading + nano iron oxide foliar application, G) irrigation withholding at 50% heading + nano silicon foliar
application, H) irrigation withholding at 50% heading + nano iron-silicon foliar application, 1) irrigation withholding
at 50% booting + no foliar application, J) irrigation withholding at 50% booting + nano iron oxide foliar application,

K) irrigation withholding at 50% booting + nano silicon foliar application, L) irrigation withholding at 50% booting +
nano iron-silicon foliar application.
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Figure 3- The effects of bio fertilizers and nanoparticles on variation of chlorophyll index (SPAD) flag leaf of
triticale under different levels of irrigation. A) No foliar application+ full irrigation, B) Full irrigation+ nano iron
oxide foliar application, C) Full irrigation + nano silicon foliar application, D) Full irrigation+ nano iron-silicon foliar
application, E) irrigation withholding at 50% heading + no foliar application, F) irrigation withholding at 50%
heading + nano iron oxide foliar application, G) irrigation withholding at 50% heading + nano silicon foliar
application, H) irrigation withholding at 50% heading+ nano iron-silicon foliar application, 1) irrigation withholding
at 50% booting+ no foliar application, J) irrigation withholding at 50% booting+ nano iron oxide foliar application,

K) irrigation withholding at 50% booting + nano silicon foliar application, L) irrigation withholding at 50% booting +
nano iron-silicon foliar application.
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Table6- Variance analysis of the effects of bio fertilizers and nanoparticles on stomatal conductance flag leaf triticale
under different levels of irrigation
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(BBCH V¥ Jslas) oS 51 ey 59,A8 55 ORI JO-¢
Sld s Shd sl 5 s oS 2 pue T st 510505 QLS il s 4 o e

o | i e (b T w5 ) Hbd s 5 4y oS e glag STL g,bT
O i S S s (o3 04 /FF 150l oles 53 oy 8 s S s 3k
Ll s Oyl g sy slassS 5 ,,lS o yd 0 ) JW\CL,Jd)l;ﬁaﬂyif
A Jsd—>) 4 o S - E— Y Jgda) ol Hlsline

Lol 53 I8 5 o 5 o St 1 D350 (B e 5 65 slan ST 3L il 4 -V J g
@T s gdoes

Table 6- Variance analysis of the effects of biological fertilizers and nanoparticles on electrolyte leakage flag leaf
triticale under different levels of irrigation
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ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 8- Means comparison of the effects of bio fertilizers and nanoparticles on electrolyte leakage flag leaf triticale
under different levels of irrigation

(S8 51 s 55) (Ao p3) S s 2SI s ()13 o g Jo1 5o

A4 Ad M w vy %4 2 Sl
[ArACSE o /9eH b/ ym Fa/F\ £5/YA LAVTARNE \EZAN AR 10XBox Ny
FA/ YO OF/AVIP OV/AFY £O/10M FA/NVO™E Fr/50t vr/5o° 1oxB1xNj
F0/+4% #Y/2 0% oV/ Yk OV/AAS! Fv/ e FIMKO £ /547C 1oxB,xNqg
OF /Y b+ /590%™ 120k ol LVAR N ¥5/AAT rY/fYe YV 1oXB3xNo
[ Yannad OA/YE™ BY/YV*a £o/v FY/vese ¥4/9A \a7ANs 1oxBoxN;
OF /vy #1/94% \AZAT N \AvAL i \AZnal AR TAA YA/YOHY loxB1xN;
OO/04P BY/+1\d FEIEAY FA/YOY YA/£1%! YV YA/AQ™Y 1pXBy%N;
INZR A F4/fFP Fo/erY v/t vo/a° Y4t Yo/ 1pXB3xN;
#1/VAT® basov ™ OF/yye Fv/am Fr/0t° FA/AYS! \avArch 10XBoXNj
og/Yy™ I RTARS Fv/ovav FY/FVEY ¥a4/8A™ YY/ayes Y4/90™ 10%B1xN,
OV E™ oY/6am™d \tdid Fo/art? YA/VE! AR7AL A Ya/ vy 10XB,%N,
INARN Fv/asd FEEVY AGVAV Yo/ ARTAY YoNeY 10XB3xN,
04/ YV INZAY OYV/FA™ FO/MV £1/64 \E i ¥y /AP 1oxBoxN;
ov/ey F4/fFP FoO/FYY \GTAL e FV/FAT AAVARNS YOINAY 10XB1xNj
ov/Ys F4/+4Pd Fo/vaY LDV it Yo/ vy /vt Y& /04 1oXB,xN3
be/aN FV/FAT FYIANY VMY FF/FA ACVAEY AW loxB3xN;
Fo/vFH 4ZAA e Fye OF/\Fe OY/PVEE FO/A FA/007C 1:xBox Ny
SO/ FY/5fh oA/ 01/49°" FANSN Frovy YA/OA"S 1:xB1xN,
sy /ov /eyt INZANA Fa/ME Fv/5450 FY/AQH FACH 1:xB,%Ng

BAN"S FY/pvn OY/IN £5/5Y £1/VAT \EZAk LVin i 1:xB3xNo
FA/7a ArAARS OA/AQ"N OY/FA"Y AL Fo/F¢ Fo/yyee 1:xBgxN;
FV/AA da/vye! OY/4YHP Fy/oY FO/NMATK F1/av \sZinae 1:xB;xN;
sy fH INYALA O /A FO/ANKE FE/FOET r4/q¢k Yo /femm 1,xB,xN;
0b/48% OY/FA™ FA/OOTY Frvyel s RN ARVA i 1,xBaxN;
20N #1748 oyt oYV O+ /AY*e FE/OF £ /P00 1:xBoxN,
Fy/ oM OA/FAET OF/AYM Fa/vyem o+ /ye%d FV/AM? yo/sA 1,xB1xN,
AVALSS OA/N§I™ OY/§A\IP FV/YOTP FE/FAST vo/a8H /e 1,xB,%N,
BO/64PH oY/ g™ FANT FY/VNEY ra/ ¢ e/ \LVAL N 1,xB3xN,
220 A OA/OFY! OYV/AYE! FA/ VR \atia% VAV 1,xBoxN;
2 /AATP OF/Y Fa/f0%" \AVAZSS FA/PFT \EZANAN FY/FATS 1,xB;XNs
OAINKS OF/FV<P O /rM FE/ AT vq/veHt YA/ Y APV 1,xB,%Ns
OF/Fq™ O /AP Fo/00™ FANAY VP Y500 YV/EAY 1:xB3xNj;

V& /5 \liia FO/FV OA/AY? OF/Y4? FAIN FF/YF 1,xBoxNo
FE/vYH ov/ss™! NYAREN OO/FFe FO/AN FY/Aen FA/VC 1,xB1xN,
F¥/5\H ba/fo" OF/ VAT Fa/AY \ZYAGSS Fa/ ¥ ¥o/4ATK 1,xB,% N,
#5571 AlAT ol BY/Y5e oY/ yH Fa/FYe \ArAndl va/fY>f 1,xB3xNo

VY/SAD FV/NYEC ATARE OO/FYe ov/re® FV/aVC FY/AND 1,XBoxN;
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FAIAY F/v ba/VEe ov/FVT I VAr £O/V0*0 FA/5VC 1,xB1xN;
2diia F0/1vf I Diias N2 FAIADS FO/VFHE FA/AVS 1,xB,xN;
[AVALN /0% BO/AATT £4/8 £F/5 FVANT \aval- 1,xB3xN;
vA/Ye FA/YE SY/00% b7 /P FA/OF™S \AZAR NN FA/VOFC 1,xBoxN,
pv/afe FO/V* OA/VA BY/VAeT FA/AVET £O/1VE a7y 1,xB; XN,
FAI50" SY /AN OV/5Y° oY/ Fa/¥ARD FA/NSD £ Ve 1,xB,xN,
4 /0F oA/Yad! INTAR £2/0V Frip r4/Ave! Y08 1,xB3xN,
FYV/Y40 0 Ba/FA™ /5% BO/¥YTE Freo FO/VYHE \ATAANE 1,xByxNs
FY/FEET A0 o og/vsH Fa/vEk fo/ e YA/BFTT FE/XYOT 1,xB1%N;
SV/AYT da/VN! oF/YFEm Wiras £5/45%1 O \sZ0 o 1,xB,xN;
of/vem INJiZa Fa/0¥PY Fr/pvot *4/0A™ YE/8m Ya/0rFY 1,%B3xNj
O/AY #/\) F/AA £/70 b/%0 Y/af £/ LSD

:J{)\SQG"_ML)'L;LA:;:J{)K(J_G&_,_:SJEA_QB3)BZABl‘Bo.ks'..:_.miTj‘_s_AbAl:;_.ﬂ&f}}&)k{Tdﬂﬁ‘Jﬁgé)LﬁT%jﬁglzj|1‘|0

A1 56 2 slon ¢ B slos pte 5 N 5 N2 N1 No ol s ST 5 pelipos s ol 55,2008 5 sk s s T3 2508 4 polize 3 e

.JJ)\H\}VA\{LSD 05051 oolal s (glslimn (65l T oDl O g ,a 55 alin L})J:-\{&Lninfsl:» 055w 53 il d o 5 T
lo, Iy and I, full irrigation, irrigation withholding at heading and booting stages respectively. B, Bs, B, and B; are no application of
biofertilizers, application of pseudomonas, Azospirillum, application Azospirillum + pseudomonas. No, N; and N, are no foliar
application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar application. Means with similar letters in each

column are not significantly different based on LSD test.
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D 3V Jlail las 53 (513 i gos Jl o ples
AOY 5V A @ ladsd>) 55 Hlabims Loy

S N Ll s sl sl S L

o a3 lalS e slie Lol sl
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Table 9- Variance analysis of the effects of biofertilizers and nanoparticles on maximum fluorescence (F,) flag leaf
triticale under different levels of irrigation

Slas o ke
3%-)3
(1S 51 g 595) (Fim) S el 5l (6515 5 gad o1 1o . Ol ot e
(L]
X AD A\ v vy %4 %0
TAAAYAT S /XY 70 S /) a7/ SN 7\ VIR AR T ' VAT 2R YA TRV s SRS LYVA L Y IS
YFORYARTT O Yavas/eYTT YEONA/FETT N CEYV/YYTT DAV /AT 5088 /8T A\YAASAL AT Y M &L
» " . . . . sl S
ALATYVZS S £ 40 2 7A) SR YN 7Y 22Y7Y S £ 4 £ VAR R 22 27070 VNS LU 2 VAR R ¥
(B) (s
CYN70 A | L Y AV TR /X JA R A RN /1 /- N SE T U0 /Y AN 2V s S ) Wi s ¥ (N) Sl,5 56
VFA0/AS" \Y£0/0N ora/fYe YOOVAYT SYEAWTT VYRGASTT NV AFATT 4 IxB
458/\ 8" AYWYAAT SRRV 4 2% /A VNS 2 o 90 4V YOVV/AY® VYYA/AY™* 4 IxN
44/ R \7aYa 1o A2 7A74ENNN 4 LU0 < L AT 190+ /447 OVY /P q BxN
VEYV/e ST YAYONTT R YT Yavw/rTT YAAY/EETT SAVE YT FrA A8 A IxBxN
044743 OOA/VD FEY /Y OFA/AY VeV 45Y/V \YAA/ A q¥ s
Ot s 2
F/EY £/14 F/FY £ \7And F/AQ JAnE
(MJD)

Loy 50 Jublcla.ujs)\:\;»j)lstnré o Jd % 9 % NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 10- Variance analysis of the effects of bi fertilizers and nanoparticles on variable fluorescence (F,) flag leaf
triticale under different levels of irrigation

Sl o s

- 4= 3 ctﬁ
(28 51 e 590) (FY) joite (il sl (615 45 5ad 1 50 _
15T Ok
A4 AO AN w vy %4 50
FOPE/AYT YPEY/AY™  q4F/4Y™ ALY-YAr2a B AV (VL SR VA VR 7\ A 4 /A Vi \ S5
IS RNZVA S Y VYR o 70K S 3 CA VA NAR R RN L VLV AR 72 72 TR VE ROV YL A Y (1) W7
slas S
A AAVE2 MY SRV RV Y7 R VN 7.9 VAR R 4 PN 2 7.V 7 % U\ n A 7N VA L e
(B) s
Hld sl
YAOV/AFT YVAYA/ T YAVOB/VATT FOSDA/EET vy T YYFOFV /ST SAA VT ¥ T
[ )J};
(N)
FEVYVET YWANSYT A A Y 7T N apYY/0Y"" ALEAVAN AVOY /00" 4 IxB
YYYOFA™ ROV YYS4/40™  FFAL /ST FYE/VETT £r04/vv YAAQY/FY T 4 IxN
\A CYYATLBRY 7N J7 Y C o 4 7 COMZR 71 I AT VAL o IVEDT VAN q BxN
VAF /08T sYAQ P AMAF /6™ £V 0/0A" FAAV/VE" VY ANEETE FAVY/YETH A IxBxN
1¥Yq VYVO/VA VFAV/AA qv. /8 \Y$4 /4 10+ Y/AY YYEAA/SF q¥ s
4/4A LYard 4/¥) VIV N AIXY Vo/o® Sl ks o

Loy ) 50 Jlax| cb..w).) Slsliae 5 lsliae e S ja e 5% NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 11- Variance analysis of the effects of bio fertilizers and nanoparticles on quantum yield flag leaf triticale
under different levels of irrigation

Sl o s
oy
(S8 31 s 550) (FulFm) oa 55158 3 Shes (15 o 3o o1 o T Sl i olie
LB
A4 Ad M v vy 9 50
/eeFe® ATV SR YIRL AT I SRV [ SR YIR 7.0 VYo Y S
/P OYAT /PrET V23 7NV 4 | SRVIAYA | YAV [ PET Y (1) LT
IV OYETT R0 T e ey YOI ¥ (B) (i) sl S
AT NS OWATT e e e ety 2B
(N)
e’ YR o RRY- VRTINS SR VIRY A ey 4 IxB
eeyyns VIR ARV IRR T VIR r A VIY L SIS T VY 12 IxN
/YA VR WIS L RV PRY- RV AR Y SR VIRR Y IR b q BxN
YRS VXY NVIRYN SRYINY o AURERYIRS LR YIRY. YO AN A IxBxN
Vixa 4 e\ e\ /e A VIREXS ViR VAR q¥ Lo
O/VF 8/00 d/Y4 \7Al4 £/YY ¥/00 (A - CH N S

L) 50 Jlex| c}a.—:): Jlsliae 5 jloline e 4 % 5% NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 12- Variance analysis of the effects of biofertilizers and nanoparticles on minimum fluorescence (F) flag leaf
and grain yield triticale under different levels of irrigation

Sl o Sils
Z?Jb CL.A
als s Shes (CB8 5 g 590) (Fo) Sl by ols (655 a5 5ed Jo1 0 B
6315l Ol s
Ad AD A v vy %4 2
LA CUZL R LY VT2 (77 S L VAVAC S T T YR R Y VY 70 L R 74 VA R 47XV \ IS
OYF AV DOYA/OY™ OFAS/ALTT YEYYVOTT FYVA/FYTT ARSVYATT SuYA/saTT avE Y (M) LT
e slas S
NN SR 7Y 70w AR 4 o F0 Y YN 2 T R 27N NS YKV A w28 VT R 1V o Vo A i
(B) (s
PNYYYE A £ 21 /2 R 5 T07- S SN 790 £ S Y T72 2 (YA VA/RN ARG R 7. X S A1 4 70V N i st
(N)
YEYE/SVE O YAGAYT YVY/FRT /1™ NAGYAYZRN V2V S 7NV P b DAV/ART 4 IxB
\TARVANN C200 AR 4 1772 SUN SAV/L\ZLJN a'A70 o S o o /- LR VY.Yi s AN i3 IxN
ARV VAR VA ALY V7N (B XA S £2'77.Y S U7 N A Y ST A L Y-V, 7\ A q BxN
YRAY/ARTAFABY T SAOYTT VAAAATT PEEVOTT YAROVTT fAA/BL ™ YYL /587 A IxBxN
\iai 10+ /0A YFA/YY VFF/AY RRA) VYR YE/A Nidled aF (1
AL /01 /50 71V I4 [ZA0 /Yy oYY CH N S

Loys ) 50 d\ab—lcb)s)\:t&»})l:l:uﬁé S 4w g % (NS
ns, * and ** show no significant and significant differences at 0.05, 0.01 probability level, respectively
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Table 13- Means comparison of the effects of biological fertilizers and nanoparticles on maximum fluorescence (F.,)

flag leaf triticale under different levels of irrigation

(Sl 51 g 50) (Fin) ST il 5l (615 6 505 S o S5

AS Ad A vy vy %4 2 soles
v oFYs OOF/PVY bFal® 08b/#V™ FYA/YVE FYA/YYIT 1oxBoxNo
BYY/Y¥s BY /Y7 OFY/YYPY Y XVin DOF /Y Fo4/Pv" " D i loxB1xNo
OF +/8V™ oYF/FY™ OFY/SVPY OFY™ FYY/yy OIN/FVTY A 1oxB2xNo
FAN/YYE FYO/NYC FFV/PVC FPE/FYe FAN/TYEC vyye VEV/PVEe 1oxB3xNg
OFA/PVI N BFF /YR BAF/PV! Fayhs ovv? % 1oxBoxN;
OF/FV orets OFATY I Vanslt SOY/PVE IAAVanntd FOV/PVP 1oXB;1xN;
goy/pret goo/sve BAB/YYFO OF /YT FA¥/pVA A AVias 74 /7v¢1 1oxBoxN;
Y2 Al FY4 PV FYV/PVC 25nntl ARVann: VEF/PV loxBsxN;
Y™ BOA/FYP v /sy ooY/#Y" ZVia% 4.7 £04/vy IoXBoxN;
OFF/FVEP oy pyet 2NVia%s oY /FVPe oay/rym OaFT Vva/ e 10XB1XNj
BAY/sV0 e OYa sV FAY/EVeh AN AidAnnts adaad 10xBoxN,
bAYH anad AT Zadann vey® VEV VAPV 1oxB3xN,
ovyen vy /vt Foy/5ve! oyl Al ia atdtat VANV 1oxBoxN3
0% gy FYA/FYd pFyd VAT ALV Fpa/pprm 1oXB1XNs
FAY /Y Al FAV/PV" PO+ /FVEC 790 /Yre FAAT vy, 1oXB>xN3
ARrANS ARYia% e SOFP VAV /9 irdia% Ay? 1oXB3xN;
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ooV® OFFrs OAY/§VEP OFe/py OFO/ Y oo /py ons™ 11xBoxNo
oYY/l NSV OF\/SVPY ovyer OAF/FY™ OFAY? ba¥o 1:xB1xN,
OFO/Yrks oo/t oYF/YY? OYA FYV/Yp FA0/PV™ vive 1:xB,xNo
oYY/ b5 OYF/rYeY Fyyen 505/5V°] Fq¢h VY /oy 1:xB3x Ny
DOA™P oYY Ya%iat OVE/pr OVFP P57y LU 1:BoxNy
OYY/PYr bOY /ST O\O/FVE Y2 Annld oa4/y™ 0a0/#VHY Y WA n 1,xB;xN;
O/ BV Y OAY/$VP OY s /yyPs DAY/ Yy AT FAQ/FV 1:xB,xN;
Yl FYV /PR atZAnnsl oYqPs FYA/SVT Ve v/eve vy yvet 1,xBsxN;
FAVUX O A/SVE ovo's fyyae bOF/YYH? OVb/FVE OFAT 1:XBoxN;
OFH/Yrkt bOY /Yy OV /Yyt Qe OF - /YY? AATAREN oy 1,xB;xN,
DAY /5K BYA/SVEE oYV? dOV/yrka DOB/YY OAV/SVY Faypym 1,xB,%N,
baq vyt daY/yyeh SYY/PYa FYV/FVEE FEA/NYE! D7 unl VEYEe 1,xB3xN,
BOF/YY OYF/PVT O A/FYXE O+ /YR DOA/YYH? oo/ vive 1:xBoxN;
O+ /v OVb Yk Ve Oy /Yy SyFe FYY/ov FAF/FVE 1,xB;xN;
ovar! oAyt BAY/yyan FYE/ TV AATAREE FO6/5VE™ FAF/VEE 1,xB,%Ns
710%° FYY/PYE AT Ann FEV/YYEC FAF/ et VYY/yree voree 1,xB3xNs
\ialial FAY/SV FAA/YY FAF/PV by By /¥ Fa4Y 1,%BoxNo
ovem OFY/YYeT OFY /Y BYY 5V FYY/yrka Fra /5P oFF/PYY 1,xB;xNj
oV &0 o OAA/PVE° BV /Yy OV F009" Foy oy 1,xB,xNo
OYV/¥yeY YA OVE/N™ OANT HAY /v b04Y? OYa ¥ 1,xB3xNo
Fay/ P Fayt INaViaad N AVia% oY OYF/FYe OAY /Yyt 1,XBoxN;
OYO/ Y o™ boa/FY™ oogk FA\F/PVIO 2 FY IV I,xB1xN;
FAY /Yy BYb/FV NG b+ a/5V" BIV/FVER oYa/svee FOA/YYO 1,xB,xN;
oygm OAY/yyah I Anst OYY/SVTe oY /¥ OAV/YY Fopmy 1,xBsxN;
bOF/#VP OFF/FYEM oyt oyt paymw OYAF? ogY™ 1,xBoxN,
oFYH OYF/PV™ vy OV /Py oFa 044y FYO/vY 1,XB1xN,
FAF/PY OFY/yyks OF4/YYex BOY/SV ovyY=? o¥a™? OAY /yya 1,XB,%N,
OF - /YYe° OVE/FVEK OAE® 0% /yyrk over? Z 3k OAPY 1,xB3xN,
OFV/FVEP ovy/svH oo B+ /yK SYY /YO 2 Y An e FrH/t 1,xBgxNs
O /v OOF/yYia orw? Il OAY/5VY OAY™Y A ArAnnh 1,xB;xNs
orv/sy™ OYF/ Yy Yo BAY /YT anAncl Fra/8ym FOY/YYP 1,XB,% N3
OAF/FY" 59409 FYF/ppe FYY/PVO 22 e Ulinse I,xB3xN;
va/5v FANY FANY \nZiax FY/44 O+ /¥y FA/OO LSD
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lo, 1; and 1,. full irrigation, irrigation withholding at heading and booting stages respectively. Bo, By, B, and B3 are no
application of biofertilizers, application of pseudomonas, Azospirillum, application Azospirillum + pseudomonas. N,
N; and N, are no foliar application, nano iron oxide foliar application, nano silicon, 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 14- Means comparison of the effects of bio fertilizers and nanoparticles on variable fluorescence (F,) flag leaf
triticale under different levels of irrigation

(S8 51 e 590) (FV) otz il s sl (615 i 505 o1 50 S5
A4 Ad A w vy 2 2 soles

\narinsind AnVanns FEA/NT FAY ISV Fra/pvie FoY™ Foq's 10XBox Ny
A 720 Vet YFa/pvEE FAY/FV FYASY B y/pvim Fraprey 10XB1xNo
\nariadn YYF/PVT YOv PV o5 Fo0/5V™0 FYF/PVY O+ F/5vM 10XB,x Ny

FHFP LA FAf/ e Fay/ e o064 OAF /Yy g o/ov 1oXB3xNo
Fov/eym FEANYP FAY SV A Fro/5vi T40/8V7X bOF/FV loxBoxN;
o /v KT yoyox \EZdMn i FAAT FYATY FAV/yyka loxB1xN;

Frqao FEF/vrat £y . At ZAn nid FOW/YY° VAT ovg/vre! 1oxB,xN;
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lo, Iy and I, full irrigation, irrigation withholding at heading and booting stages respectively. By, Bs, B, and B; are no application of
biofertilizers, application of pseudomonas, Azospirillum, application Azospirillum + pseudomonas. No, N; and N, are no foliar

application, nano iron oxide foliar application, nano silicon, 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 15- Means comparison of the effects of biofertilizers and nanoparticles on minimum fluorescence (Fo) flag leaf
and grain yield triticale under different levels of irrigation
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lo, 1; and 1,. full irrigation, irrigation withholding at heading and booting stages respectively. Bo, By, B, and B3 are no
application of biofertilizers, application of pseudomonas, Azospirillum, application Azospirillum + pseudomonas. N,
N; and N, are no foliar application, nano iron oxide foliar application, nano silicon, nano iron-silicon foliar
application. Means with similar letters in each column are not significantly different based on LSD test.
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Figure 4- The effects of bio fertilizers and nanoparticles on variation of chlorophyll index (SPAD) flag leaf of
triticale under different levels of irrigation. A) No foliar application + full irrigation, B) Full irrigation + nano iron
oxide foliar application, C) Full irrigation + nano silicon foliar application, D) Full irrigation + nano iron-silicon
foliar application, E) irrigation withholding at 50% heading + no foliar application, F) irrigation withholding at 50%
heading + nano iron oxide foliar application, G) irrigation withholding at 50% heading + nano silicon foliar
application, H) irrigation withholding at 50% heading + nano iron-silicon foliar application, 1) irrigation withholding

at 50% booting + no foliar application, J) irrigation withholding at 50% booting + nano iron oxide foliar application,
K) irrigation withholding at 50% booting + nano silicon foliar application, L) irrigation withholding at 50% booting +
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nano iron-silicon foliar application.
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