doi: 10.22124/CR.2022.22374.1726 (;( T
(o3 dlio) E 3

uu;fw'
Me & L&b.w (j//}lﬂ?/‘ uﬁ/’;

(FO-YYI) Fer liano [yl o o /o203l 059

oolo duzme JU! g dils ub yy sBadlge » (g 9 () SBO9S S pan
& Cudguzxe byl s yo (Triticosecale Wittmack) Allsesy y s

QR WIRVE PR TS0 RUUWRT % PRt POR IR E

VENVYO oy o AARRIEE VR gt PP PG

ol

O, Slos 5 St ool daze Jlaul wls ol sbaddge p e g sy GBS Bran 3l cw,pm jskiiea
2L A b Polar elS slaS ol auly =)l JB jo 5551 & jgoas inlojl (ol Codgame Ll n o Al 5 ails
bojlos ol Ll WAA-RR elys Jlo o o)) Gize olRiils ads mle 5 (5),5liS ouSiils Slados ac)je
Pl 5 il >l aoy0 B0 0 gl ahad g sals lgicay JolS )} chw 4w ;o okl Jols ciolej]
Gyae wals Glgcds Bras pas) mhw ez 0 S B35S B ras (o] mde g Wb Codgaze Glgied o Sa
5 0ls plsear OTL (L3l slne) ooy (S5hslne 5 ()58 5 CosgeaS 50y plsF Brae din,55n (seaS 505
TN 3l Jsloe ol yanes 13550 5 CangonS conss gl o 45 ol i ulis wiog (Ngasheo /A 5 /¥ 5l Jolno
2lop plail g (ao,s YFIO) aBle 5l Sis oole sazme Jlal ialS coge (JolS (o)lol bal i )8 cpwigr Yoo o
SogS B ran pae Ll d 4 Cud (ao,0 ADIVE 5 AFNF (i sa) ails o,Shae 0 o] 3 ) ppe g (o0 YAIVS)
ol yody 152 )50 5 CusgpaS oy plys Bran (rizeed wd (el Al pe ;0 )kl @l jle 0 (s 5 e
gt (o0 FYVY) i) oz oy PYNY) a9 « ol (5 kol Jloss )0 um i Vgo oo +/A (8L Joloro
0,Sbos g (o, Y/YV) ails ol 5 0,90 Jab (auo,o YAIFD) ails o Sles o MT)s Ol e 9 (G, ADIOY) (6,1
ol ol ol dl> e o g Ll &l L ;0 e T 9 () GBS Brac pas 4y S |y (a0 YA/F) ails
als (od y sleadlye 5 5)lr Fiwgid S5 b Go st 5 Sty SIS Bran dsyon Slaiay Gles] l @l Gl
s Gl ol Codgase Ll i o 1) Al 5 ails o Shee asilys oo

Aoy 039 «8, Fimwgid ils b Sy o Sl il 1 guadS ey

ul)Jl 5J.:.}»b)‘ 5‘_4:.}.5)‘ dj:z.c oKisls bM étLo.a 9 6j)ju5 sasiiils ‘L5°L5 tS.o.u) 9 J.Jy (e 05; ‘6)5¢ 65.7..»;'& -\
u‘f‘ sJ.:.}O)I 5&.:.}»)) dj.‘?m oKiils sgs'u.a.lo @L».a 9 (5)‘)51,;';5 sasiils ‘LSQLS &w) 9 J.J}.\ (g 05; bl =Y
hamed.narimani @ gmail.com : Jgtus oo gs *

AR



VEe o Glie foslez o)los [p235h 0,90 [odIE Wili o

O 5 Sloy i

Gl crge s al 093 9 S p 28 5
Al pdiS Ails 4y slea elail 5l ool suze Ll
Arbuscular ) NgSwg,l slp,e85e  slag,B
LS ) Jelse 51 S «Mycorrhizal Fungi
b g BT 0l aty; b (tanjon 1 0 &5 it
h 6o g Sas glagas 5 e polie i
95 Uiare s @l polie Cix elS w9 (els
GRIB ) olS Jozd g (Al e S EiS p jaud
15,05 7,8 Brae (Begum et al., 2019) wns
Uil g ol Cumsg dgage b ol Cosgame buylys cov
Rl crge wails o Shas )0 ()] ppew 5 G)lr Frimwgid
ald a4y olge plail 5 a8l 5l (6 550mgud Slge sazxs Jli!
OLer 5 s ks (Ebadi et al., 2020) oi > o
O £edg a5 aily Lol 3.5 (Nazari et al., 2021)
JUS (l Bl crge w o) (o Jolpe )3 (Sis
Ol e 9 alse pladl g Bl I SLis esle susre
Gpae aS J> 0w Al 5wl o Sles o laas]
b wlgiee hysSes slog,lB alex I (s laosS
Sl de 5 g (2l Cudgaze 5l (AL ST Jaws
plal g adles 5l saze Jl (f5ee gyl Fiiwgid g 4
oo oS 1) ale o Slae jo o l)d ol g 5 252
G o ool (a5 S8 (Ko g eyg
e oelS el GRS (Ojgr (lae polie
Cute 36 a5 sl o 5 e 53, 55 (ol w0 S8
Mohammadi Kale ) s)ls ;lals o, Slae ¢ 0, »
slal 5l S 6sleslsT b g «Sarlou et al., 2021
shgts yole Coblo 4 e «SFT al aiile I
Gz (Adak et al., 2014) s4is o yaud g ol
Mohammadi Kale Sarlou et ) ,Kon g g juudlS
Lo Judods CanguaS oy &5 wid,S oLy (al., 2021
aile (gdien; polie K00 5 (e Vb polie (g
b5 S 5w )0 350 yolis ) &5 punie 5 ool
Olee 5 JB9 kS lome Sorte b gl oo wguane
Gl Had )95 Job 5 ey Sl crge g
S5 s cos dASns s oSl Sol o g
3 (Nazari et al., 2021) o,Ken 5 5,k 0l (5,95
2 155 5 CawgaS sy ples Spae WS NS
95 ) LSl e @bl 2 Cusgeme Lailyd
Bl 5 Sz eole JUEl alS e sl Fiiass
Al Al 5 ails o Sles iol38l 5 silen plail

Y5

doddo
ae wss (Triticosecale Wittmack) 4l 3
Alg Hlaisdy pai8 (W 51 Ll lawgs a5 cal 554l
b ool onal 0929; (5,05 Wly plsieas Jlogle 5 g pobe
@ gl g puS (63,Skee la Sy g alo CodS
SR ol Sy o loglyr ae a5 5 bags Lo
(Bezabih et al., 2019) &Sl

oS el oo sl 15 (0 et | g Cadgae
ool oS 0 Sler g Ol Wlss 36 cou
Gl e (15 (nl Dud g 98y )0 il 4 e
S gha i el g oalS oSl wad
oS iy Jolie (oled )3 ol Cusgasme az 51055
2 ol Sl Gliee Js 05800 0 Skes (1ol e
Sb s (ol Al e )3 0h g (chaly A al> e
ol hals b daails s 4o DS sbmyl b 5 ol
SO ,50 ails o, Sles 5 4z s LB jebay ails slaws
Splis sloan T il cos ails fud  anls ol
(G mogid 035 Slge almlz g 0y alexr I il
5 Pome dlge @ils >3 jiwen sl bjlu i Olsjlg
A e gy Sy 0 &5 oo Sles lizl nlo
OWL 5 b 31 5l lasgomme s Jodoar 9 55 o0
IR TGN NI INE SN
(Nayyar et al., 2018) csl ulus

Slge JUl 5 )l Fwgid slails SYgaze s
sledld)  wl 4 i Ojgod (G FRwgd
WSty wilen Syl e lapll s daS s
Smgid Slge dsazme JUl 5 (S SN 5 0Kl
e Al 0 Slos 50 ¢ sdogy Gl yisy [0 odls 05D
SIS gy Gz o ead 035 Slge Bl o
ool S fals g 68 b slal L) (eals
acbunol Lolps jo (@l pad 5 Jeb jo Jae
2055 Jsb 5o Wlsioe (ol Cusgazs aloz 5l lams
Ma et ) 05i adly e ails ol o,8es 5 ails ol
g il ol Al e o Sis s (al, 2015
slye J| Gae Jsb 28lS 5wl S, g
s ol (nl a8 ol aals 4 gl yiwgd 5l Jol>
Sgi g0 paS Ald i yials g basls o 2V 4
Bahrani ) .| SKe2 5 > (Ghodsi er al., 2004)
& b U_J Codgdsme a5 Wi S o155 (et al., 2011



Vf.. QM}/ﬁ)LQec)L«i/pﬂw)‘licﬁo/b)&Qw

Al 5 50 ailo o p sladdgn 1 o T g (wm  SB5S B o )]

5 e A0 gyl g 8,0 Jobb aaBo Ve g ax 0 FA
Joe s Lzl WWAA-A el b ,o Ly gl
el Sy Siddeg weldl lls Lileyl gl
2 stalesl de)i0 S aberd 5 (S5 sl S
Sy 93 Jsb 5 dilie paddl Lyld 5\ gz
JOMPRTIWEE SY VGNPV e

9o Job sl sy =y ol cabejl wly 5o
Syge AL 5 08, 0 Jegile Vooalol Loy 2
by, Felw oS0 5l AT og oLl o8, colan]
S a5 i Fre oS5 L5 e i boar
Mohammadi ) cl o3, pl odiarogs 5 Collas (51,5
3,50 oo .ol csS (Kale Sarlou et al., 2021
2 ety SosS e a0 ikl Jols o)
Sy phe de )0 G SSbddle 5 gl Jkx
ki g (ald) w 0p90 (b b5 (g)lnl ol (s)be]
5 (D) oo SlaeSs Jolye woys 00 3 6kl
i jdy «(BBCH Lol 00 5 FY slans) msalin
ety rsS ol e 5 wad Casgue Gl
WCawgeoS o)y Sras (Wald) Bpae pas Jold
5 JsSes 5 CwngmaSayg ply Sras 5 lpeSes
Al slome 5 (a0ls) ST L sl Jsloxs ol i
O g Hhdgle 09 e g Vgadeo <A g +/F
o W) A csle 13 @yd A ss Giboons Lavsgs
3 VYV lass s ia) (poddle 5 (moamyy ol )
VWAA LT VS e cls s ool BBCH ol Y-
alold g Lol gl o VYA Slo e O 0 ciloy g
(e Ll s 4 aiey gom slaglal 5 il o
@B b el )l Jlod ok 5 £y bS5
Glomus intraradices 45 3| ool oolaiuw! 15,550
bl 29 as Ohe Olsld Cewy <80 1 aS s
S e o 0 50 08 Ve Ol &S00 Gl 4o
beaals 51 k8 59, Jlez U aw (LS j0 0,56l Y- +)
odd Aoy g olailill Gigia S mhaw sy
% byl (Gianinazzi et al., 2001) ;lils>
Sgax oolaiwl 850 Z,B p,5 ;2 30 0dd) eewl Slaw
ol 5o esliial 9yg CewgaS cayg g Hol Vo
Spae jlade g ab 5yl LS ES 50 5l S b
b cusls 5 3 59, ez b aw a5 0g S 0 05 # ]
CewgroS 0,9 Slastivn ol bale S v sy
Sl 00l 1,1V Jaaz o oolaiwl 5,50

Y&

el DS 5 05, 5 o8 3 (2 ool Sl
g 20, daile Su3el 58 slaanl)d 5l (g ke po a5 Col
51 6 ot i o ame (sla i & Gl 5 Jsho 503
DNA 55 iy, alar 31 oo Lol (slous]
i e ool 5 Jsbo 2S5 AT Colled s,
L by Jsho bbb plsiea wiilg oo 5 2l
sl 50 Sl Syl it wiile Sgay90 (5o yans
Mustafavi ) acsl arils (2 o jmé sl is 4
ohey SO Olseds aw e Bpae (et al, 2018
wd)S Sl s sl (AU ohles 2l gl il
Doy 2 go (2 i hld o eole ol el oals
5 Slaje, Colae g slas LSl Wl an) sla Sy
Sl 5 Kmrsy 3 Salleh g5 JUi il
Seden Fmgid Sepe MBIl Cole yo g Jg)lS
oLh%es 5 solee (Skowron and Trojak, 2021)
b sle a5 oS Ly Emadi et al., 2013)
el ped S p e pge Bl s e i
OME  Sepe g Fge 0)90 S99 S JUEI g
Sbeyl o al puiS Wl o Slee ioli8l g il
Mohseni ) e 5 sblraeme e
b Jel=e 35 (Mohammadjanlou et al., 2021
G5l e S8 ad ol Casgazme Laulpd 55 e i
2 093 Job g S GBI Crge dla; o> 5 (s
Al pass ails o Slae Colgd o g ailo ol
S (A jeiS SaSdes g Sas Gblie Ftan 5
sohgy ol Cadgame b Al omly s, Jole
L pals corge a5 oo, 5o, 51 eolinal 5,00 51 ans
0 el (55950 5 ol Cudgazme I 2L BT Jaws
R 50 G 9 ) oS Cueal vl ()
ool sgame Slalllas 55 5 25 51 36 BT ) e
b ad coge cJoloe al o (Span 3550 50 0
Oy sladdlye p i g (S SlagS A
Lls o a5 o Slee 5 St oole Jlaz! ails

D55 )8 syl oy9e ol Cudgaze

L gy 9 olge
Sl b B s oS & sty il
ouSlidle Sladsw ac)ie jo ST aw b Bolar S
Lg ‘}ﬁo)‘ d.n.?us oLi,:leo M é)L.A 9 6))5LM5
5 Fled e 4z Bo V0 5 a0 YA L3l Claixs



\Vf. . QL"“"‘“)/f)LP O)Loub/p.ﬁb}li o)jb/C))Lé uLa.J."U ul)l_io.‘z,jL_‘>_.|_Q.1)J
iulojl de 50 S olowds 5 (Sosd Slaseie -\ Jgax
Table 1. Physical and chemical characteristics of the experimental farm soil
Character Zn K P N  Organic carbon  Sand Silt Clay Lime SP
1 Texture pH
mg. kg Percent
Value 1.8 212 829 0.06 0.62 35 42 23 144 49 Loam 7.8

(sl bl solislsm S o)1) :5le) allSiy 5 0, 0,50 (b (oonldl (sl Sins -Y Jgor
Table2. Meteorological parameters during the growth period of triticale (Source: Ardabil Meteorological Office)

Parameter Oct Nov Dec Jan Feb Mar
Rainfall (mm) 53.3 13.9 3.5 23.6 27.4 14.8
Temperature mean (°C) 15.4 7.3 4.1 1.7 -1.2 6.3
Sunny hours 240.6 151.9 131.1 134.9 168.5 171.7
Relative humidity mean (%) 66 75 73 71 72 68
Parameter Apr May Jun Jul Aug Sep
Rainfall (mm) 26.8 56.5 6.6 3.7 4.7 12.9
Temperature mean (°C) 6.7 13.1 18.9 18.9 18.4 16.8
Sunny hours 156.1 211.3 314.3 298.5 248.2 267.9
Relative humidity mean (%) 73 70 60 66 74 71
laalS 28 5 5l oads ans (talejl ol 50 oliisl 3,50 CungiaS c0y5 sl Ths =Y Jsozr
Table 3. Characteristics of vermicompost obtained from Gilda company
Characteristic Fe Mn Cu Zn Pb Cd N P K Ca Mg OC OM EC
(mgkg) (%) @Sy PH
5000 275 20 110 19 1 1.55 04 04 273 095 329 56.8 .12 7.64
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Table 4. Analysis of variance of the effect of bio-fertilizers and putrescine on root weight and volume and grain
filling components of triticale under different irrigation levels

Mean squares

Source of variation df Root dry R | Maximum  Grain filling Grain filling Effective grain
weight oot volume grain weight rate period filling period
Replication 2 28616.4™  393275.1" 0.004™ 4.65" 2316.9" 1242.6™
Irrigation levels (I) 2 76958.5"  213182.5"  0.00075™ 0.034™ 88.5™ 155.1"
Bio fertilizers (B) 3 46691.1"  144479.6™ 0.0045™ 0.021* 50.9" 91.2™
Putrescine (P) 2 30757 96960.2"" 0.0003* 0.016™ 32.2" 60.3"
IxB 6 568.6™ 3517.1" 0.0001™ 0.0053" 22 20™
IxP 4 488.7" 2042™ 0.0002" 0.0018" 61" 7.1
BxP 6 1033™ 3217.9" 0.00005* 0.003™ 0.25™ 0.47"
IxBxP 12 455" 2818.3" 0.00002" 0.0016" 36™ 0.42"
Error 70 14.5 112.5 0.0000091 0.006 341 2.42
CV (%) - 4.66 747 5.67 4.27 4.57 5.26

s, *and *: Not-significant and significant at 5% and 1% probability levels, respectively.

Sl calites zshaw jo Al 5 alls Gob 5y Sleadlge g ads) 02 5 039 2 G 3 5 S L35S U (el Aliie -0 Jgur

Table 5. Comparison of means of the effect of bio-fertilizers and putrescine on root weight and volume and grain
filling components of triticale under different irrigation levels

Rootdry  Root volume maximum of Grain filling rate  Grain filling

Treatments Estimated equation

weight (gm?)  (cm®m?  grain weight (g) (mg.day) period (day)
I;xBxP, 384.9r4 623.1°M4 0.0518* 1.79¢ 40.131 Y=0.00179x-0.0201
1;xB,xP; 390.2°° 646.5™ 0.0538M 1.81¢¢ 40.45¢ Y=0.00181x-0.0197
I1xB3xP; 426.6% 7602 0.056' 1.84° 40.94¢ Y=0.00184x-0.0194
I;xB4xP; 483.9% 833.1%¢ 0.0592b< 1.84° 42.08¢def Y=0.00184x-0.0185
I;xBxP, 407.2™ 718.11k 0.05211 1.79¢ 40.147 Y=0.00179x-0.0198
1;xB2xPs 463.6°f 796.5% 0.0564°' 1.82°¢ 40.94# Y=0.00182x-0.0185
I, xB3xP, 476.2% 804¢de 0.0586¢ 1.84° 41.9%f Y=0.00184x-0.0184
I1xB4xP> 501.1%® 851.1* 0.0611® 1.85%® 42.520d Y=0.00185x-0.0182
I;xBxP; 454.9¢" 793 .34ef 0.0581¢% 1.86* 41.82¢f Y=0.00186x-0.0197
1;xB2xPs3 493.1% 818.8bcd 0.0607 1.86% 42.44bcde Y=0.00186x-0.0188
1,xB;xP3 4992 842.8 0.061* 1.84° 42.8° Y=0.00184x-0.0196
11 xBixP3 508.4 844.1% 0.0621* 1.78' 44.07* Y=0.00178x-0.0165
I,xBxP; 321.7% 524.8%* 0.0444¢°r4 1.74% 37.23" Y=0.00174x-0.0204
I,xBoxP, 338.1" 610.1p9 0.0475™ 1.750 38.38! Y=0.00175x-0.0199
ILxB3;xP; 374.9% 627.1°° 0.0501¢ 1.76"M 39.44% Y=0.00176x-0.0195
I,xB4xP; 439 8l 746.6" 0.05571%h 1.85%® 40.96# Y=0.00185x-0.0199
I,xBxP, 328X 562. 1" 0.0467" 1.76M 38.09™ Y=0.00176x-0.0206
I,xBoxPa 378.1pa 683.8™™ 0.05271 1.79¢f 40.17Mi Y=0.00179x-0.0194
I,xB3xP, 502.5™ 690.8Km 0.05331 1.8% 40.32¢hi Y=0.00180x-0.0196
IL,xByxP; 461 763.5%h 0.0587¢¢ 1.85% 42.04cdef Y=0.00185x-0.0191
I,xBxP; 369.7" 620.9°p" 0.0496¢ 1.76M 39.4% Y=0.00176x-0.0201
I,xBoxPs3 421.2%m 726.61 0.0554" 1.85%® 40.78¢n Y=0.00185x-0.0202
ILxB3xP; 447 2hi 796.84% 0.0581¢% 1.84° 41.86¢f Y=0.00184x-0.0191
I,xB4xP; 470.1%f 811.3« 0.0606% 1.85% 42,550 Y=0.00185x-0.0188
I:xBxP; 313.6% 521.6* 0.0421" 1.69' 36.61° Y=0.00169%-0.0200
I;xBoxPy 326.4"%* 552.8"W 0.0425% 1.7 36.62° Y=0.00170x-0.0199
I3xBsxP; 353w 5921t 0.0468" 1.76M 38.21! Y=0.00176x-0.0207
I3xB4xP, 385.7P4 677™ 0.0519k 1.78' 40.18Mi Y=0.00178x-0.0198
I5xB %P, 316.4* 544, 1% 0.044 174 1.73k 37.19™ Y=0.00173x-0.0203
I;xBoxPs 349.4% 583.1% 0.0445°° 1.74% 37.01™ Y=0.00174x-0.0199
I3xB3xP, 358.5% 596.54 0.0473m" 1.751 38.07™ Y=0.00175x-0.0196
I3xB4xP; 42324 735.5M 0.0555¢" 1.85%® 40.79¢" Y=0.00185x-0.0200
I3xB %P3 334.5" 555.8" 0.0462™ 1.77¢" 37.47™" Y=0.00177x-0.0202
I3xBoxPs 382.3par 667™ 0.0488™ 1.76M 38.51" Y=0.00176x-0.0192
I5xB3xP3 409.2'mn 702.1+ 0.05341 1.81¢ 40.28Mi Y=0.00181x-0.0196
I3xB4xP; 450. 1 780.8°" 0.0576%" 1.84° 41.66" Y=0.00174x-0.0192
LSD 14.894 30.286 0.0019 0.0157 0.648 -

Ii, I, and I5 are normal irrigation, moderate irrigation withholding of heading stage and booting stage respectively. By,
B,, B3 and B4 are no application of bio fertilizers, application of vermicompost, application of Mycorrhiza, both
application of application of and Mycorrhiza. P, P, and P; are no foliar application, foliar application 0.4 and 0.8 mM
of putrescine. Means with similar letters in each column are not significantly different based on LSD test.
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Table 6. Comparison of means of the effects of bio-fertilizers and putrescine on effective grain filling period of
triticale under different irrigation levels

Treatments’ B, B> B3 B4 P, P, P;
Normal irrigation  29.76% 31110 31.81° 33.36° 30.31b 31.24b 32.97¢
No irrigation from ¢ 7o 28.84¢f 29.88d 31.53b 28.8¢ 29.32¢d 30.61%

heading stage
No irrigation from 25.5i 26.1" 27.7f 30.15% 26.41f 27.02f 28.65%
booting stage
LSDsq, 1.185 1.455

Means with similar letters in each column are not significantly different LSD test at 5% probability level.
f: By, no application of bio-fertilizers; By, application of vermicompost; Bs, application of Mycorrhiza; B4, both
application of vermicompost and Mycorrhiza; P, no application of putrescine; P, and P3, foliar application of 0.4 and

0.8 mM putrescine, respectively.
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Table 7. Analysis of variance of the effect of bio-fertilizers and putrescine on dry matter remobilization and
grain yield of triticale under different irrigation levels

Mean squares

Source of variation”  df DMR CRGY DMRS CSRGY CP CCPGY GY
Replication 2 37654.4" 1196.5"  25501.4™ 813.1"  242687.9" 7294.5" 48446.3"
Trrigation levels (I) 2 3002.8™ 590™ 2981.4™ 468.4™ 127703.3" 590™ 61274.9"
Bio fertilizers (B) 3 1940.5™ 382.7 1665.5" 286.2" 75931.9" 382.77  37178.3"
Putrescine (P) 2 901.6™ 215.7 1386.4" 203.4™ 47455 215.7" 23827.8"
IxB 6 146™ 7.6 376" 72" 10849 76" 5118"
IxP 4 2.6™ 0.75™ 6.3™ 0.89"™ 130.9™ 0.75™ 38.3™
BxP 6 288" 59" 243" 43™ 9291™ 59" 5605
IxBxP 12 140™ 31" 295" 31" 9985™ 31" 1861"
Error 70 43.1 2.4 35.7 2.6 634.9 8.5 796
CV (%) - 4.05 5.35 448 6.86 6.1 4.1 5.19

ns *

, “and *": Not-significant and significant at 5% and 1% probability levels, respectively.

f: The trait abbreviations are including: DMR, dry matter remobilization; CRGY, contribution of remobilization in
grain yield; DMRS, dry matter remobilization from stem; CSRGY, contribution of stem reserve in grain yield; CP,
current photosynthesis; CCPGY, contribution of current photosynthesis in grain yield; GY, grain yield.
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Table 8. Comparison of means of the effects of bio-fertilizers and putrescine on dry matter remobilization and

grain yield of triticale under different irrigation levels

Treatment” DMR (gzm?) CRGY (%) DMRS (g.m?) CSRGY (%) CP(gm?) CCPGY (%) GY (gm?)
1;xBxP, 167.38 30.9¢h 139¢fe 25.67¢e" 374.01™® 69.09%m 518.42pa
11xByxP, 160.04! 28.15% 132.81 23.361 408.41Km 71.841 539.31!mne
11xB3xP, 151.92°04 24.92m" 128.944 21.15"™» 457.53¢ 75.07" 566.58¢h
IixB4xP, 145.5° 22.139 117.64°° 17.89° 511.71°¢ 77.86% 610.78%
1ixBxP; 163.63" 29.361k 133.5M 23.96 393.52!mn 70.631% 529.21mm
11xByxP; 155.6™ 24.75M"° 124.37™" 19.78par 472.93fe 75.24¢f 578.9%feh
11xB3xP; 147.44% 22.779P% 117.8°® 18.2% 499.46% 77.2b 597.25¢d¢
11xB4xP; 141.65' 21.08° 115.25M 17.15% 530.15® 78.91% 619.49®
IixBxP;3 151.74P4 23.7°m0Pd 121.44r° 19.04" 485.96¢ 76260 586.569%
1;xB,xP;3 147.06™ 22.159% 117.02° 17.62"™ 516.83%< 77.843¢ 612.88%¢
11xB3xP;3 145.13 21.68" 116.8° 17.45% 524.21°%¢ 78.31% 620.11%
11xB4xP;3 141.4' 20.62° 112.384 16.39" 544.02° 79.37% 632.59*
LxBxP, 178.43%® 36.47% 151.05%® 30.887%¢ 310.69""* 63.52% 466.28%*
LxB,xP; 172.66°% 34.24% 145.6% 28.88% 331.46"Y 65.75° 469.65"%v
LxB3xP; 169.12' 31.54% 136.74" 25.5M 367.05%4 68.45™" 512.73%
I,xB4xP, 156.5™n 26.28m 129.18 21.69mm 438.811 73.718 555.94i
LxBxP; 176> 35.49¢4 148.45%¢ 29.93bcd 319.88""Y 64.5P4 483.14"
LxB,xP, 164.72M 31.2¢ 141.86%! 26.87'" 363.08°P4 68.79'm 507.87
LxB3xP, 164.21M 29.36k 133.17™ 23.81M 395!mn 70.631k 533.36mP
I,xB4xP> 152.15%4 23.99"p 122.6" 19.339® 482.04° 76%t 589.2%f
I,xBxP; 169.8¢t 33.2¢ 138.36% 27.05% 341.54™ 66.79" 492.43"
1,xByxP;3 162.751 27.7°% 131.331k 22.36!mn 42436 72.27" 549.77Km
I,xB3xP;3 155.92" 25.49m" 126.84!m 20.73°pd 455.73M 74.5% 565.24Mik
I,xB4xP;3 150.33%" 23.1°P9" 118.11% 18.15™ 500.21¢% 76.89"% 603.5>
I;xB1xP) 182.08* 38.3% 151.26* 31.82¢ 293.22* 61.69° 453.13"
I;xBaxP) 176.35™ 36.46" 148.13%¢ 30.62%¢ 307.3" 63.53% 458.43Y
I3xB3xP; 175.15< 34.97¢ 147.33b 29.42¢ 325.53™ 65.02r1 477.81M
I3xB4xP; 163.221k 29.73M 141.52¢f 25.78¢n 385.68™™ 70.26 523.91°p4
I:xB %P, 181.8° 37.85% 150.74% 31.39% 298.41%* 62.14% 460.73Y
I3xBxP; 172.05%f 33.16 142.5% 27.46¢ 346.769 66.83" 499.01%"
I:xB3xP;, 169.47¢" 32.54°f 142.23¢% 27.31f 351.23pa 67.45™™ 500.59*
I:xB4xP 156.14™" 26.41'™ 128.66" 21.76™™ 434.99% 73.58¢e" 554.681M
I:xBxP;3 172.91¢ 33.89% 147.8%¢ 28.97% 337.21 66.1°° 489.24"
I3xB,xP;3 167.08" 31.21¢0 132.031k 24.66" 368.24°74 68.78'™ 515.03pa
I;xB3xP;3 159.77Km 27.728 131.82i% 22.87km 416.55M 72.27M 545.368mn
I;xB4xP;3 154.46"° 24.92m™ 126.5™ 20.41°09" 465.3"" 75.07" 571.86"

LSD 3.768 1.706 3.825 1.528 24.475 1.706 20.025

Means with similar letters in each column are not significantly different LSD test at 5% probability level.

T: 1;, normal irrigation; I, and Is, stopping irrigation from heading and booting stages, respectively; B, no application
of bio-fertilizers; B, application of vermicompost; Bz, application of Mycorrhiza; B4, both application of
vermicompost and Mycorrhiza; P;, no application of putrescine; P, and Ps, foliar application of 0.4 and 0.8 mM
putrescine, respectively; DMR, dry matter remobilization; CRGY, contribution of remobilization in grain yield;
DMRS, dry matter remobilization from stem; CSRGY, contribution of stem reserve in grain yield; CP, current
photosynthesis; CCPGY, contribution of current photosynthesis in grain yield; GY, grain yield.
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Abstract

To study the effect of biofertilizer and putrescine application on grain filling components and dry
matter remobilization of triticale (Triticosecale Wittmack) in water limitation conditions, an
experiment was conducted as factorial in randomized complete block design with three replications at
the research farm of faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Ardabil, Iran, in 2020. The experimental treatments were included irrigation in three levels (full
irrigation as control, irrigation withholding at 50% of heading and booting stages as moderate and
severe water limitation, respectively), application of biofertilizers in four levels (no application as
control, application of vermicompost, application of Mycorrhiza, both application vermicompost and
Mycorrhiza), and application of putrescine (water sprying as control, and foliar application of 0.4 and
0.8 mM putrescine). The results showed that co-application of vermicompost and mycorrhiza along
with foliar application of 0.8 mM putrescine under full irrigation conditions decreased dry matter
remobilization from stem (34.59%) and shoot (28.76%) and their contribution in grain yield (94.14
and 85.74%, respectively) compared to no application of biofertilizers and putrescine under irrigation
withholding conditions at booting stage. Furthermore, co-application of vermicompost and mycorrhiza
along with foliar application of 0.8 mM putrescine under full irrigation conditions increased root
weight (62.11%), root volume (63.17%), current photosynthesis (85.53%) as well as contribution of
current photosynthesis in grain yield (28.65%), grain filling period (20.37%) and grain yield (39.6%)
compared to no application of biofertilizers and putrescine under irrigation withholding conditions at
booting stage. Based on the results of this experiment, it seems that the application of biofertilizers and
foliar application of putrescine can increase the grain yield of triticale under water limitation
conditions by improving current photosynthesis and grain filling components.
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