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Comprehensive abstract

Introduction

Drought stress is one of the most important factors affecting crop yield especially in irrigated
agriculture in arid and semiarid regions. Application of some stress modulators (vermicompost,
mycorrhiza, putrescine and zinc nanooxide) increases growth, yield and the resistance of plants against
various environmental stresses such as drought. However, the effect of these compounds alone has
been investigated on modulating the effects of stress, there are fewer reports about their interaction
effects. In this experiment, the interaction effects of organic, biological and mineral fertilizers and
stress modulators were investigated on the improvement of current photosynthesis, dry matter
remobilization process, grain filling components and grain yield of barley under water deficit
conditions.

Materials and methods

To investigate the interaction effects of some stress modulators (vermicompost, mycorrhiza, zinc
nanooxide and putrescine) on the contribution of dry matter remobilization and grain filling
components of barley under water deficit stress conditions, a factorial experiment in randomized
complete block design with three replications was conducted in research greenhouse of Faculty of
Agriculture and Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran, in 2022. The
experimental factors were included irrigation in three levels (full irrigation as control, irrigation
withholding at 50% of the heading and 50% of the booting stages, equal to codes 55 and 43 of BBCH
scale, as moderate and severe water limitation, respectively), application of biofertilizer, and organic
and inorganic fertilizers in four levels (no application of fertilizers as control, application of
vermicompost, application of mycorrhiza, combined application of vermicompost and mycorrhiza),
and foliar application of putrescine and zinc nanooxide in four levels (foliar application of water as
control, foliar application of 0.4 gL' Zn nanooxide, foliar application of 0.8 mM putrescine,
combined foliar application of Zn nanooxide and putrescine). Mycorrhiza fungus (mosseae species)
was purchased from Zist Fanavar Turan company and according to copany’s protocol, 10 g per kg soil
was used. Vermicompost was purchased from Gilda company and according to copany’s protocol, 50
g per kg soil was used. Zinc nanooxide production of China, with an average particle size of less than
30 nm, a specific surface of more than 30 m*.g”, a Zn content of about 65.21% and a purity of 99%,
was purchased from Jahan Kimia company, Urmia, Iran. The barley variety used in the experiment
was Nobahar variety, which was cultivated with a plant density of 400 seeds per m”.
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Research findings

The results showed that the combined application of stress modulators (vermicompost,
mycorrhizal, Zn nanooxide and putrescine) under irrigation withholding at booting stage conditions
decreased dry matter remobilization from shoot and stem (22.32% and 25.65%, respectively) and their
contribution in grain yield (52.92% and 56.95%, respectively) compared to the no application of
biofertilizers and no foliar application of putrescine and Zn. In contrast, application of stress
modulators under irrigation withholding in booting stage conditions increased total chlorophyll
(24.91%), current photosynthesis (62.57%), contribution of current photosynthesis in grain yield
(30.54%), grain filling rate (6.62%), grain filling period (18.06%), effective grain filling period
(27.67%) and grain yield (25.18%) compared to the no application of biofertilizers and no foliar
application of putrescine and Zn.

Conclusion

The findings of the current experiment showed that the application of stress modulators
(vermicompost, mycorrhizal, Zn nanooxide and putrescine) can increase grain yield of barley under
water limitation conditions by improving the current photosynthesis and grain filling components.
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Table 2. Soil physicochemical characteristics used in this experiment
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Table 3. Analysis of variance of the effect of stress modulators on chlorophyll content and grain filling
components of barley in various irrigation levels

o Chlorophyll Maximum Grain filling Grain filling  Effective grain
Source of variation df . . . - .
content grain weight rate period filling period
Replication 2 5.98" 141.8™ 0.449* 32.87" 24.36™
Irrigation (I) 2 6.99" 829" 0.621* 123.26™ 150.68"
Fertilizer (B) 3 1.13™ 114.9™ 0.108™ 14.64™ 20.98™
Foliar application (F) 3 1.56™ 248.7" 0.0006™ 41.67" 79.64™
IxB 6 0.14™ 18.7 0.024" 3.54" 3.3
IxF 6 0.2" 18.5" 0.004" 3.54" 1.93™
BxF 9 0.099" 31 0.005™ 5.51% 4.84"
IxBxF 18 0.21" 18.4™ 0.0038" 3.62" 3.18°
Error 94 0.047 6.84 0.001 1.58 1.51
CV (%) - 5.09 4.94 24 3.41 4.07

™ "“and " Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Comparison of means of the effect of stress modulators on chlorophyll content and grain filling
components of barley in various irrigation levels

Chlorophyll Maximum Grain Grain fillin Effective grain
Treatment * content grain weight filling rate . & filling period Estimated equation
(e FW) (g (mgday’) PO aay)
I;xBxF; 4307~ 53t 1.79%¢ 36.65%" 29.53H Y=0.00179x-0.0129
I;xByxF; 4.395tm 54.6"! 1.76>* 37.83% 31.17%7 Y=0.00179x-0.0120
I;xB3xF; 3.90w 57.8>¢ 1.83 38.77%° 31.59 Y=0.00174x-0.0112
IixB4xF; 4.836*¢ 50.4™ 1.73" 35.54 29.04" Y=0.00173x-0.0102
I;xBxF, 4.696°¢ 56.3% 1.78%¢ 38.15M 31.58% Y=0.00176x-0.0120
I;xByxF, 4.026™" 53.88™ 1.8%¢ 36.400 29.96'° Y=0.00179x-0.0117
I;xB3xF, 4.722¢¢ 60.1%¢ 1.83 39.3%d 32.81%f Y=0.00181x-0.0116
11 xB4xF, 5.076® 60.6%¢ 1.81*¢ 39.62%¢ 33.48%¢ Y=0.00179x-0.0109
I;xBxF; 4.461 53.9¢m 1.744m 37.4%! 31.041 Y=0.00179x-0.0126
1i1xB2xF; 4.93%¢ 56. 84 1.82% 39.25%4 32.88+1 Y=0.00183x-0.0120
1;xB3xF; 4.871* 58.7¢f 1.8+¢ 38.97%¢ 32.6°¢ Y=0.00180x-0.0116
I;xB4xF; 4.983%¢ 60.2+4 1.8+¢ 39.41%4 33.34%4¢ Y=0.00178x-0.0106
I;xBxF, 4.596¢7 56.4<1 1.73" 38.34h 32.620¢ Y=0.00171x-0.0111
1ixB2xF, 4.899*¢ 60.9% 1.8%¢ 39.62% 33.86" Y=0.00180x-0.0111
11xB3xF, 4.96+ 59.2%¢ 1.79*f 40 33.03*f Y=0.00179x-0.0109
I;xB4xF, 5.151* 62.5° 1.8+¢ 40.57* 34.79° Y=0.00179x-0.0103
IxBxF; 3.732%* 48.5P 1.74%m 35.2m4 27.9140 Y=0.00174x-0.0129
LxBaxF 3.794%Y 51.28 1.77% 36.12 28.91™* Y=0.00173x-0.0122
LxB3xF; 3.988° 49,7t 1.74%m 35.67%P 28.53%* Y=0.00175x-0.0126
I,xB4xF 4.146%* 49.2°1 1.75¢ 35.22m4 28.05° Y=0.00163x-0.0092
I,xBxF, 4.017™" 49.4™ 1.72% 35.57" 28.62™ Y=0.00177x-0.0130
I,xB,xF, 4.673°" 56.4% 1.79*f 38.39°" 31.49% Y=0.00178x-0.0125
IxB3xF, 4.425" 4847 1.69"° 34.76™" 28.4°" Y=0.00175x-0.0117
I,xB4xF, 4.341h 54.3¢! 1.75%! 37.64°k 31.05%* Y=0.00176x-0.0109
I,xBxF3 4.083" 50.9% 1.75 36.19'" 29.11%* Y=0.00174x-0.0127
I,xB,xF;3 4.329h 55k 1.75%! 37.99% 31.424 Y=0.00167x-0.0106
I,xB3xF3 4.3695" 50.5' 1.7 35.98iP 29.6' Y=0.00170x-0.0111
I:xB4xF;3 4.642% 48.8°" 1.68™P 34.95" 29.04m* Y=0.00177x-0.0108
I,xBxF, 4.118% 49.3t 1.65° 35.48k4 29.86 Y=0.00174x-0.0126
I,xByxF;4 4.220%p 57.5" 1.77+ 38.66%¢ 32.49h Y=0.00175x-0.0118
I:xB3xF; 4.652¢1 57.9>¢ 1.77+h 38.69*f 32.63¢ Y=0.00166x-0.0097
I,xB4xF, 4.748"" 59.1%¢ 1.79+f 39.11%° 3307*¢ Y=0.00178x-0.0108
I;xB,xF; 3.4247 42.2% 1.66° 32.61° 25.37% Y=0.00166x-0.0124
I;xBoxF; 3.892p0* 46.17" 1.72%° 34.1°% 26.75%" Y=0.00170x-0.0126
I;xB3xF; 4.145% 44.8"v 1.728° 33.459 26.05"" Y=0.00173x-0.0127
I:xB4xF; 3.8649* 47.3™ 1.72%° 34.73™ 27.41%Y Y=0.00168x-0.0105
I;xBxF, 3.508¥ 439" 1.69%p 33.02% 25.9" Y=0.00171x-0.0128
I5xByxF, 433200 47.7 1.7® 35.01m 8P Y=0.00170x-0.0121
I;xB3xF, 3.657" 48.1° 1710 34.94" 28.02r" Y=0.00175x-0.0127
I3xBaxF, 4.05™ 52k 1.7 35.37" 30.53™n Y=0.00173x-0.0111
I3xB1xF3 3.541% 53. 1.76>* 37.74% 30.28+° Y=0.00172x-0.0128
I3xB,xF;3 44115 51%r 1.76>* 36.12%° 28.96™* Y=0.00172x-0.0122
I3xB3xF; 3.613%7 53t 1.78*h 37.15°™ 29.75™ Y=0.00176x-0.0131
I3xB4xF3 4.178%" 49.1°" 1.77° 35.3m™4 28.82m* Y=0.00170x-0.0107
I3xBxF,4 3.696"* 46.3%v 1.66"? 33.97% 27.817 Y=0.00173x-0.0129
I3xByxF, 3.829™ 52k 1.72% 36.43mn 30.14+° Y=0.00171x-0.0113
I3xB3xF, 4.187%9 52.37° 1.7¢ 36.72f 30.73im Y=0.00170x-0.0112
I3xB4xF, 4.277° 57. 2% 1.77+ 38.5"¢ 32.39"¢ Y=0.00176x-0.0109
LSDs, 0.3539 0.0042 0.0001 2.0384 1.9978 -

Means followed by similar letter (s) in each column are not significantly different based on LSD test.

™14, I, and I3, Normal irrigation, irrigation withholding at heading and booting stages, respectively; B, B2, B3, and By,
no-application of biofertilizers, application of vermicompost, application of Mycorrhiza, and joint application of
vermicompost and Mycorrhiza, respectively; Fi, F», Fs, and F4, no-foliar application, foliar application of putrescine,
foliar application of Zn nanooxide, and joint foliar application of putrescine and Zn nanooxide, respectively.

A02



52 ailo Al g daze Jll k) gleeaS ey Sl

S,)5 pas &y Cas Slao cpl gas )0 OF/AD 4 YO/AY
Sl el Ll o 3l Jsbe 5 () sl
Sy oo Slaia (7 Jgaz) 39 1555 (] al> e o
Sone b (2l Cudgaze Lulpd 5o 1,00k B 008
(% J9o2) )l Fsid g oz S Jde)lS lpiome
5 lom ol 5 ails 5l Sas oole Jlil zals orge
Bsd (7 Jgax) oz alls 3 Sles ;o laal$ ol o
$s,5 oo s (Bbadi et al., 2019) o, Kea 4 sole
b (Sis G s cos T3yl g oS oS
Gl 4 e )l Fwgd g Jdg kS (el dee
ol ot s alsn el 5 ale 5l S esle Uzl
Ohler 9 gla al a5 Slae yo laowl,d
ples 0,57 aS" wis S s 155 5.5 (Nazari et al., 2021)
Lo Casguome Ll o 1,550k 5 CusgeaS )
Fiad (9 ahoz 5l olS 5LS 0 50 (lae polic (b
JEl ol crge o)l Fiamgtd Gl g mely
Al 5wl o, Slas jo aild pl g 9 SiS o0lo
Narimani et al., ) ;),Ke2 5 Sl Giolej] jo 0
b 5 ComeSisays gy 0p)8 5 2022
Sl Feg sy e polie (eald I
5 2lsn plail g ale )l Sis ool Jlal zals corge
bylys cou a5 ails o,Slas j0 basgl 3l g
W ‘5—1 GRTRE Y
5 aily 5l S ool Jlanl LtalS 5 o Sh0 i
@ OlEer |y o (Blhdslre dbvls olsa el
#2305 ol s sl oY slompl Wyt 5l 6 5Ssle
Fwgd gl DI L ae S plgiea) S 6 o
O 3 Ol S Sy Fwsid pliee Gl g ()
st (sl 58 5 ol Wl (05 s Sl sl
Azl a5 01 (65 yhen o B ol 4 (g8 lge
oole Jlal jzals g als o o oy90 Job Lialidl o]
U5 oo (BEmadi et al., 2013) cul Sis
Fragts 8IS e S g alS Lo (S5
2 sy 4 o Shes o wald ol pies s S
ool daze JWil olS wjlge el o s s
b oo s Glidl ) alo 4y Slga pladl o 4Bl 5 Sis
iS5 Sl dils o Slae 5 i el 5l ailen wll
5 CasgnaS 0)g) LA sloosisS s 0,15 4z
st b ) el Caspama Luld s (,Sile
wrge s o Slas 10 a1 Gl mre 5 S)lz Friestd

Yy

ol 5l 6)10y5 n ot CagnaS oayg 008
5ol e wdy el () Jgaz) ol 50 gzl
Sao &y 3lge opl JUD 5 5 (s tmgtd lge ags
crge oS Cush) anld Ll b Wlgi e daails
Javanmard ef ) ool ails ol 5 0,90 Job i3l
(F Jso2) Jebs 15 (slsime al3dl 51 S50 lss on 55
A3l ol Codgame lulpd 4o 15,950k LS aawlga
Skl (Yaghini er al., 2020) Koo 5 iy
Sl b (i Lyls o 15,650 5,15 a5 axals
Symgid Ll pd S5 5 Srmgts LAl (slyioee
wls Galdp Fge 0y90 Job g e p il 9o olS
)y ails (ol sloadlys S5 5l (6,500 Aou ol puS
JBl5 Glgime 5 o)l st Gl 4 g
s sy sl Jslone alsay 5 ¥ (slaJ502)
Narimani et al., ) ;) )Ken 5 Sles 5 o ol o 0l
O gy 3 CamgeeS (009 Sl &5 WS ol (2022
Jolie w2l L ol Cosgame Luls cog
Sloailse Sonr wzge o)l Fwgd SISy olis
;3 (Mohseni Mohammadjanlou et al., 2021)
Lyl 5o pasS alls ud  0ye0 Jsb g Sae e B
D301 s 39S (glgizme Sgupe 4 1y (o] Codgase
boalg oo (Sa3 A lulpd )0 5 e g o )8
als o Slee 0l coge lo ol G S5
.(Mohseni Mohammadjanlou et al., 2021) 543
als ol ey GlBlL 58 g9y anSTgil B pan
Wlo o Slos dgugr g brails 39 iol3dl 4 orie Wilgs oo
(Shojaei and Makarian, 2015) 54

Al 0, Sles jo ol ptew 9 S sole JUidl
2 Gl b 5 5 gleeatS fass 1iSem
ol mae s Blo g olpp il j) Sas eole Jld
doy S Jleisl maw (o aily o Sles o beasl)d
5 leeasS haxs o p)lS (0 Jgaz) o9 o Sae
J>le 5o olal adad) ol oy Cudgamme byl d o
SO0Y) olgp il 5l i oole daze JU! o gitams]
Ol e 9 (W52 50 05 2 IVAY) adle 5 (852 55 05
YolAA 9 YoIVY cospa |y als o Slae j0 lanlys
YOIFD FVINY sty alS ) 5 cols zals sy



Ve UL““"Q) /.B)LP o)‘.o...';'a /p—‘bé)"‘j.b 0,99 [edle uULJ).‘?U

Ql)&@jgﬁaﬂdm

2 2l yole Vb g axgs JB polis 0g2g 5l AU
(V Jgo) adl oolital 390 CewgeS' 209

Sl S I (B o0 Sl oo )b
b 5980le (G jo 5l (A6 Wl oo b5 (5 gt
U WSV UER GRS CH
Frresth WS a3, 5 Sad Lald o ks
Sgde oSy Codled b w10 ATP laug (S
Sy e slrelil Gl b calply sl oo
Sz Joe pl S oe Sopu 1) Sld e 5 e
9 WS (o0 Sl Ceadlyg S Ceomay |) Sland o5 o
@l polie 0dx 1p,0Sle aidu oo d5ue | Fiimgid
Algiee 5 widues s 2lpS Ll o, SL
e Sgrte o e 5 WS oS 1) beddple Wy
Nazari ef ) 558 oLS a3 5ld& dlge Jliisl g (5 5iimgd
byl ol L Wlgs e 15,8500 yuimen (al., 2021
Lis o icmlbie el J3ls )8 @b 5l @i
oy Gl Ol ames a5 09l lalS o pigns W)
S slaggn Soen Rl g Ml (b 33, 9 olS
(Kumar et al., 2015) .

Wlgin o Codgaze Laulph )5 5 e s 9 )8
S5 s Gl LS o 1, gt Ce e
Lolyd 5o g ) eoliinl o5 wims oo i 9290
Sl Gl ol O lyime sgun b (oS i
3 Slled S 5 05U JUEl Gl (kS
55 32 ol 0 Fiasts Sty Gl e Koy
b oy yigs (pzxad (Skowron and Trojak, 2021)
5 olsl e caz oY glamsl adg Sl @S5l
Foegd Oliee Gl carse Sy G 0 2L
At 5 sloails 4 (gytmgd dlge JUl sgn 5 S5
5 =i (opl pogdle (Narimani et al., 2022) o
5 aS1 51 (Shojaei and Makarian, 2015) L IS
ot bugl o Shee lizl g 0o 1) (59) SnSTgil
oS & oS B 5 allle S5 5 Lyl
Som Bk 5l (Sas 8 llpd cod (59, STl
5 bhamg S razd o 0l iy glaan
0 L o5 3 Shae 5 5 s (35 el

YA

0 Sles 4y Sz oole dazme Jlanl a8 ppew Dgb o0
s Sy Nazari et al.,, 2021) b uels wl
oS aals bl (Narimani et al., 2022) .,
Lalpd 9 e SAhdslre 5 (G slasgS 02
Ol 5 Aty oS5y Ssee Gorb Sl el Cusguce
Sas el Jaml palf e sy iiesd

A u;?T Cudgiome bl l o IS 5

ool 14l 3,5 50 (T ot 9 (gl g
95 O loosisS Jass iiSeen ib)ly 455 bl
2l ol e 5 )l s @bl sk
Al gre sy S sl gl (o ails o Slee
ple 0,8 4 ol lis b Slhe awslio (& Jsux)
i JolS solol Buld 5o i sleeaisS aws
Sgid e s0uoys FVY 5 BT il53l g
pas 4 S als 0,Slee j0 an T (nl e 5 o)
bl @lad blyd jo i laeaisS hass cnl )8
(F Jaaz) ol L_,>.:.‘;.....J al> 0 o
S 55 ST Sl 5 il id Sl (S
slanlp sl cailes a4 o Wlgi co g WS o ol
St e Gl S wed (elS (gle Slse
Sl ol mrgnd )5 Cudgame s gl (B Sujsln sl
Ee dw @b oM o ails o Sles (S et al., 2020)
5P S e 058 slacMernl Jl (g l> iy
50 Cdge 0dd 0,3 Gl g wls 4 2ulS
sleplail o 09290 pled ol 2ol 5l o Al
a 2B o)l juwsid oS wls oy alspe o BLS
b [ Wlgh oo s e lajls den el
Modhej ef al., ) ¢ Jaze ails 4 same sl a1 s
L oosd o S o olié olie mlil (2013
et (2Me yolie MIPL (ped CawseS o0y
Soler iz lil s S PH Jows corge o039 505
Lo, g o Jed9 1S LS Lo )0 a5 358 oo lagdtern
el bl e Coles jo 5 Gregd a5
oL o boliaes S 5 g S5t 5 sy, w3l
(Mohammadi Kalesarlou et al., 2021) %543 o

Wl oo 6yl Fiwwgid g Gl 1 iSe alpl



52 ailo Al g daze Jll k) gleeaS ey Sl

Solel Al zalaw 43 g2 ails o Slas 5 St oole Jlal 5 25 sloasS Jiaws 1 uills 40525 -0 Jgax
Table 5. Analysis of variance of the effect of stress modulators on dry matter remobilization and grain yield of
barley in various irrigation levels

Contribution of Contribution Contribution
Dry matter Dry matter .
Source of e shoots R of stem Current of current Grain
. df remobilization ... remobilization . . . .
variation remobilization reserve in  photosynthesis photosynthesis yield
from shoot . A from stem A . T
in grain yield grain yield in grain yield
Replication 2 0.0339™ 5.5 0.0397™ 39.3™ 0.279™ 5.56™ 0.504™
Irrigation (I) 2 0.0507™ 1076.8™ 0.0271™ 552.9™ 1.731™ 1076.83™ 1.19™
Biofertilizer (B) 3 0.0117* 200.2™ 0.0065™ 104.5™ 0.262™ 200.22" 0.163™
Foliar 300173 226.7" 0.01" 126.3* 0.28" 2267 0.164™
application (F)
IxB 6 0.0009" 8.8™ 0.0004" 4.24 0.022" 8.82m 0.018"
IxF 6 0.0017" 17.5™ 0.0012™ 15.1™ 0.023" 17.51" 0.018"
BxF 9 0.0016" 7.9 0.001™ 4ns 0.006" 7.95™ 0.002"
IxBxF 18 0.0021" 27.1 0.0012™ 11.3™ 0.028™ 27.19™ 0.018™
Error 94 0.0006 8.2 0.0003 4 0.01 8.24 0.0072
CV (%) - 4.45 8.47 4.55 8.41 8.79 4.34 4.83

o, * and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
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Table 6. Comparison of means of the effect of stress modulators on grain filling components of barley at various
irrigation levels

Dry matter ~ Contribution of Contribution Contribution of .
o Dry matter Current Grain
+ remobilization shoot ... .. of stem reserve . current .
Treatment P ... . remobilization . . photosynthesis . yield
rom shoot  remobilization in from stem in grain yield (a/plant) photosynthesis in (e/plant)
(¢/plant)  grain yield (%) (%) &P grain yield (%) &P
[ixBxF; 0.59% 33.37° 0.415% 23.45" 1.181#&" 66.62" 1.772h°
[ixBoxF, 0.621>h 33.74° 0.431°k 23.38%r 1.228¢% 66.25M" 1.85%
[ixB3xF, 0.553p 29.44p 0.385p 20.45%Y 1.33¢¢ 70.55>h 1.883%h
[ixBuxF, 0.537"* 27.54%v 0.376%Y 19.23 1.417+f 72.45%" 1.954%¢
[ixB1xF> 0.559™" 30.91™ 0.390" 21.55¢ 1.252M 69.08%* 1.8117
[ixBaxF» 0.524w-2 26417 0.366"* 18.44%Y 1.462%¢ 73.58+¢ 1.986%¢
[ixB3xF» 0.514** 25.63""Y 0.36%* 17.93% 1.494%>¢ 74.36%¢ 2.009%
[1xBaxF> 0.509%* 25.36" 0.356%* 17.73"™ 1.497%® 74.63%® 2.006*¢
IixB1xF3 0.619" 38.97°h 0.438>" 27.52¢F 1.03™ 61.02F 1.649™"
IixByxF3 0.543" 27.644Y 0.3819Y 19.35%% 1.426%¢ 72.35%¢ 1.97%¢
[ixB3xF3 0.612! 31.94% 0.436 22,75 1.318%" 68.05 1.93%¢
[ixB4xF3 0.527"* 26.72" 0.369* 18.7%% 1.448%¢ 73.27%4¢ 1.976%¢
IixB1xF4 0.54%* 27.859Y 0.378"¥ 19.48Y 1.402¢f 72.14%¢ 1.943f
IixB,xF4 0.517%* 25.93+% 0.364%* 18.23" 1.479%¢ 74.06*¢ 1.996¢
IixB3xF4 0.512¥* 25.38" 0.358** 17.74™ 1.507* 74.61%® 2.02%
IixB4xF4 0.493* 24.34% 0.344* 16.97% 1.531* 75.65* 2.024*
ILxBxF; 0.649% 41.28%4 0.457%4 29.07%4 0.923" 58.71%Y 1.571%*
IxBoxF, 0.617%* 37.92% 0.433% 26.65% 1.01°" 62.07™Y 1.627°7*
IxBsxF, 0.607>™ 36.71%4 0.4274m 25.8541 1.046™" 63.28™* 1.654™
IxBuxF, 0.609! 35.47tm 0.427¢m 24,870 1.11+4 64.535 1.719
LLxBixF» 0.623" 38.80h 0.439%" 27.34%¢ 0.983p 61.197 1.606%Y
I,xBoxF» 0.581™ 35.42fm 0.407 24.77%° 1.067%* 64.58!" 1.648™
LLxB3xF» 0.584¢" 33.54° 0.409t-a 23.5'r 1.16™ 66.45M" 1.744°
LLxBuxF» 0.566™" 29.81°Y 0.395™Y 20.77%Y 1.336"¢ 70.18% 1.902¢h
LLxBxF3 0.605™ 36.39°¢ 0.425¢™ 25.57¢™ 1.059" 63.6" 1.664™
I,xBoxF3 0.587 33.97 0.413P 23.87M4 1.143%p 66.021-° 1.731"
L,xB3xF3 0.617% 38.61 0.432°k 26.94h 1.o17 61.38° 1.635°Y
LLxBuxF3 0.575 32.29%4 0.402%t 22.58™* 1.208s™ 67.75™ 1.784hn
LLxBixF, 0.5984-° 35.42fm 0.42fn 24.88fn 1.091)4 64.57%" 1.69%t
I:xBaxFy 0.556°* 29.79° 0.387°* 20.72%Y 1.315%" 70.2%1 1.871¢
I:xB3xF4 0.572k 31.86' 0.399™ 22.25™ 1.225¢1 68.13¢! 1.797¢™
I,xBuxF, 0.534* 27.27%Y 0.374"* 19.06" 1.426%¢ 72.72%¢ 1.96%¢
I:xBxF, 0.674* 46.23* 0.48* 32.93* 0.783 53.76% 1.457*
I3xBaxF, 0.575%¢ 38.53%1 0.4 26.82¢h 0.912* 61.46°" 1.487%
I:xB3xF, 0.599¢n 40.03%" 0.462% 30.92% 0.895"" 59.96™ 1.494>*
I3xB4xF; 0.642%¢ 41.99% 0.455*¢ 29.73*¢ 0.887+ 58w 1.529"*
I:xBxF» 0.626"¢ 39.28%¢ 0.441%¢ 27.69>F 0.9684 60.714" 1.594"
I3xByxF» 0.593¢P 35em 0.46*¢ 27.1¢h 1.119%4 64.99%4 1,712k
I:xB3xF» 0.635%¢ 40.8%¢ 0.415% 26.63°% 0.922" 59.19%Y 1.558*
I3xB4xF» 0.602¢™ 37.27¢ 0.423 26.17%k 1.014™ 62.72™" 1.617°Y
I:xBxF3 0.588 34.4b-° 0.41"d 24.06? 1.151b° 65.6'? 1.74+4
I3xB)xF3 0.639%¢ 41.41% 0.413¢? 26.7' 0.905* 58.58" 1.545%
I3xB3xF3 0.629°f 37.18% 0.445%f 26.31%k 1.067%¢ 62.81™" 1.696%%
I3xB4xF3 0.62 36.38°! 0.436" 25.63¢™ 1.086" 63.61" 1.706%*
I:xBixF4 0.62% 40.720¢ 0.436 28.62°¢ 0.903* 59.28%" 1.523%*
I3xB)xF4 0.612%! 37.29% 0.43% 26.19%k 1.031™ 62.7™ 1.643°Y
I3xB3xF4 0.578" 34.55n 0.405 24.188° 1.09654 65.447° 1.675"*
I5xB4xF4 0.5519* 30.23™" 0.3829 20.98p 1.273¢ 70.18%1 1.824¢
LSD 0.0422 4.6557 0.0303 3.2488 0.1668 4.6557 0.1376

Means followed by similar letter (s) in each column are not significantly different based on LSD test.

1,, I, and Iz, Normal irrigation, irrigation withholding at heading and booting stages, respectively; Bi, B, B3, and By,
no-application of biofertilizers, application of vermicompost, application of Mycorrhiza, and joint application of
vermicompost and Mycorrhiza, respectively; Fi, F», Fs, and F4, no-foliar application, foliar application of putrescine,
foliar application of Zn nanooxide, and joint foliar application of putrescine and Zn nanooxide, respectively.
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