doi: 10.22124/CR.2022.21446.1708 (;( T
(o3 dlio) E 3

e
e uLo...o.':u d//}@?/‘uﬁ/’;
(YM-YA¥) VFee oyl /oyl o lods /@m0 30 0490

(Triticum aestivum L.) oS o8| o ,Slos 9 ST 59l g0 3ud s 2Ll 5| S 0 STg
g ool o 3u-F 5,5
Tigid Loy o7 S g7 cpmitadl T o yt0 Sl (60l I iomuns lobs 4o

IR ERYARVAYNEREJURVEIRG VE o YINY el o &)
ol

xS L)l gt Slge arass 5 suze JU! (3 SVl p S g (Bhgle Sl oy n slaiens
B 5 (a2l yho il 99 )0 nyssel by =% (L2l sle Jolis Glalojl sl jlogs s izl ae 50 byl o (ctaloj]
T B o JoyySl Sygon a5 wivg (Lus)lsl 5 ol (D (B9, ¥ &) vl paiS o) S 5 Y5098
s S s B Jplome o5 ol (i (talesT gl i8S 18 aallle o005 Sz b (Bolas LS glaSsly
B Fiwsid Lo g [ 1) Syl (a3l 00 VL 0, 08, 5 o aslllae 090 a1 Sy s a3l 28l
JUST S g (AL Jglore 0D Fgtd S e Gl G S i 0015 g 05 Sglite SGaS b oy 99
Bl (gl S Gualsl 9 ¥ sS Bl g eols (el ol 68, 5 Gl 1y 6l e 5 (g, M pB ] Sacre
b a5 (5 y9ba 0 Sglite Jlmr gy 8590 )1 50 Al 5 5 calls & (SiRmgtd Jlgo (araSS S g S
liiw 9550 50 Lol w8l al 31 aB)1 plo jo 5 2als WM 3 [0 S a4y (gmsid Slge (arads (kS i 3 )8
230 )l S Bl e &S Jo 5o (2Bl Al s 9 ¥ S Bl 5o 5 ARl (135 08, 50 Al 4 lge parasS
(o el g S8l alS o3 VIV (e S g (8L Jobore b aBles @y (s3tmgtd Slge panass (lie yo
Ll 5 omalsl F @5 el o Shee aisg Llo 1) adlos &y (s 3amgid Slge amads wo)d 0 3Vl (535 5 (o9)lsh
e Bl sl o jles o dils o Shee (0 5pS 5 (e &5 sba (8L Gl S g (AL Jolone
b Jsloe Lulys jo a5 Jl> o b snalive (LS )3 0, S6lS YNV e 0) (pdg) 5 (LS 40 oS slS OV-+) goljl a5
Dlo 1y ails o, Shoe 00505 9 (ot JESB j0 0, SglS TY e g PYe e b i Say (0dg) 5 waylal el et giams
w5 4 i (gl Ll g Sgliie wilizs Slio g paiS cilies alh)| s ceiS st il a5 ols Blis gl osy
23565 518 i 990 b paiS pB)) (I (S g S 358 0 Sleiiey 5 JelS Sl g 5 580

Wls 5 Slas ¢S g ¢Sl gid Ci ¢ w938 Slge arass wase Jll i gundS grojlg

Ol el eolosy olEiils «(55,5LeS 0uSiadls ( (LS Sils § adgi cwiige 05,5 ()| bl IS At gl ils -
Ol (slad > g (8 oKl ccuaSThy ol 0uSiisls ((65,5liS psle 09,5 g sbiwl ( caass gl xSo -V
Olnl ey eplomss oBals (6 5,5laS 0uSLails  palS SCSS 5w (omaites 09,5 Lol Y

tavakoli @znu.ac.ir : Jgtws sdiuws g

YAN



VEee ol /r’)l-éf? o Lo /p!b.b)l; 0,90 [ Olaams

Ol g (Lo Slols

, (Long et al., 2006) cwl LS ol o, Slee oaissS
O b5 Fwgds dee slp ook A aLBIS glees
axld (Paul, 2021) cwl a3 Oige LS o Slee
Bl pus Wl oSl o olpwd i 50 Sasee Jlal
Ao 5l L8 a5 col SLS 5 5l eolaiwl oy saze Jlal
o).:_">$ a8l o L5‘°)'.t-;>‘.'\‘ é)LA.A u‘}..cd.: PR aslu ‘5..@‘)
Shadke jo als 39 .Jahangirov et al., 2019) el oo
ale) Syl e lapladl s (gl Fuwsid ade A
el oad 0,033 bl ung S same JUil 5 (oSis,
JUl «s,l> ywsis 5w (Ehdaie et al., 2008) 54 o
aile) slug, lo sy j0 a0, sl jaeg,S sae
Ehdaie er al., ) ol oo als 0,5 5 ol aue (a8l
JGl a5 ws )57 ol laa=e (2008; Savic et al., 2012
Sl 0 Sles 5 a8l 0 ool 0SS (Giiiwed Slge ddzo
sj..m...a 605 o )0 O ujﬂa.al) Ja.a‘).w Cod 9 00y ).:5.,0
(Scofield er al., 2009) w2s oo JoSis 1) il ol o, Slas
S S il pasS lacassss o same Jnl Ysess
&sw 3l Jahangirov et al., 2019) ccil obeSL LS
50,5 ol ol cdlad o oglhl byl o (oo
0,9 Olge 4l 5 xSk e Pl Ly adl jals
s |y dilisee slaplal a4 o] Lavass g Sis oole gt
(Fahad et al., 2017) s .5 o ;1,3 ,5b
siile Syielored Slio b el o alie slaiags,
olS same JWl 5 (g3uwgid dlge aradd iiwgld oy
L owl a4 Sz bole sazme Jliwl a5l pasS slacasss)
e ook GRS Ll ph 5o g 00 Dglite Jlews [0S
Wb oo Gialidl alo 0,5 0 gl olge daze Jlai]
aS wiles S 5,55 (Rezaei Morad Aali et al., 2013)
Cudgizme Jydld g ddse Jlil elS cow  Sis s
JB Dol beaiel m g w05 puS slocalisl o e
s olo (Talebzadeh et al., 2018) cuils soz9 4>y
o8, M g9, e 4o (Bayat er al., 2012) ., Ken
aBle Sy A rhwgd dlge arass a5 Ws,S 5155 pas
L pasS Galizee pB)l o alls o Slos puimen g aiw
G A g 03 59, (e 50 el Sglite [0S,
Slyaees S glaime g clale Jai gl e ades) a5 sl oald
Saze Jil o adle SIS g suse Jlal cdle o Jolowe

YAY

doddlo

50 M (g St I o (Triticum aestivum L) poiS
De ) swyon bl Bpae 4 Goee a5 ol Glo ol yw
oSy whe b 5l sas (Oliveira Silva et al., 2020
adg 5l s, Y sga> g (FAO, 2018) s)ls 1, Jol as,
(Reynolds and Braun, 2019) s¢& o Jolis 1) ojlegz oM
Bhlo 5 orlll Lulyt | Gy copame o oS ol
g ol llys ool el Jdoa 5 0500 g bl
Gl (6,555 0L yo 5l o o] (SasSTy als iz olga
0,8l lawgio VWAA-A1 cly5 Jle o (Emam, 2011)
5oL VYAF/A 5 FYFOIA i ity ol 5o o 5 ol oS
(Ahmadi et al., 2021) el oo S ,o

Ghlie )0 QLS o Sles 2al5 bl (e o 95008
(Ardalani et al., 2015) cwl o Sidaad ¢ Sis
5 09 Oy SiSdes 9 S bl g olnl jeaS
el gade YO+ sgu> o 4Vl Sub Sl
(S90S yo ol cueal 4 a5 L (Salehnia er al., 2020)
&l by bl Sojalsnsd sloSgle a5 axlllane
Gk 3l ol Grae QLS Gl ey, colis 5 olS
5 Seh el Gl 1) aney ol S Slapasile S5ute
(Salehi et al., 2020) aiS o wol,d paS s, sol5a
Mo 1 g bame ccugiy S b o cagiy o 0,Shae
€55 99> (Mehari et al., 2014) el lae ;o Cuigj
Lohs el g5 (oyd a5l olpl 5o 00,08 ool
slass o ieee 5 (Bashiri, 2013) col osls 2158l
S5l b Slao elul QL Vb o Shas b o)) iy 55
E s oS s el (allB Ods Ce s el aS el
Ahmadi ) 03,9 slge @555 5 JUS S poo ¢ ingid § oS
Laly 4 (5 riwsid olge placl Cwand anass (et al., 2017
e byly s 3,Skee (sl 5 s 5 Modhej, 2011)

.(Bakhshayeshi Geshlagh, 2012) ol o b

alide slapll o smgid Slse @3e (FKoSz rigres
5 039 4l o Shoe (675 IS 53w Slegdge 5 (S oS
50 bl aily code Pl el ol ile a5 SLuS 5 0yl
Cuils salys (glofyy el 8 ,Slas 25t 5 (Bras ol 2
(Ahmadi et al., 2005)
5 033 QLS o Shee ouS fad ol Jule piingd
Ol ole egiiimgd Sloe 4 Gl 35l bl 2l



VEee Gl /r’)l-éf? o Lo /p!b.b)l; 0,90 [ Olaams

Stngeelhiinf o p)l5 4 pasS o Slas 5 Sojele b slaasls 1Sl

a9y 9 Olgo

JoysiSB & gon \WAF-00 el Jlo o yols Ligles]
asyio 3 LS5 Jkr b Bolar LolS slaSsl )b B o
Clatie b oobu olKails g),slsS eaSails  Slidos
e VEO F YV S ek FA® YE V" Ll
loools i Tl o mdaw 3l e VEYF el ) 5 Jlei
el ol bl Y Jgax 5o Giolesl slx! Jlo cwlislsn

59 3 S g 030380 O yl5 el Gialejl (gl Lo
T 25 wsolih paiS o8, (b 5 (Vs09,500 00 5 500) o
53 ookl 3590 pl1 oy (wa)lsl 5 (5ol pw (B (s,
w9 7F 5l g 0 Shee (0 YL bl ol g
sy obel glse g ol Il o Glesl 9y5e pais
olo o po )b o Il iy izl jslaieay ud A S
ol Yoo Gasay SlogloSn oallS bk 50 (e
055 JLSe ,0 p,8elS Ve Jlaie e D 00 S
Frog pesly JBSa 50 pSlS WV (e polind g
ool 2 bl Glaieds o9l a5g s 095 LS yo 0S5l
A 00 Suwd e g ALl S a4y ddlaie )5,4lnS Gpe
alol o g gdans Jol b Slas 0590 (e o Stans ploxl I
b obml e Bl WWe (ope g s ez Jsba plao S
Lo Jlz Jsbar cdls b nd Jols ialol &) 50
Jlo olospo VE 4o i cuslS 05 o 3l e il Yo alold
10+ e jo e o b ol O IS Gras Lawg A TAF
D 03ls Jgaze dy S D)9 0)5l 055 LS p3 0,55l
ool 25 Gslel 5 0B ez (S D jgons 50 sladile
N5 b sloyhad 55kl & ppoas LSy 35, i jo adlate Gpe
O S8 L o))l Sz o planil (6 e Ble V0 y0) s
Ao Sl e o0 chale b on by (2S00 1S paS
b (AL Jolome (op3atsS al> ey

Mojtabaie ) ails [ KuSs b (g, sme Sglas &l jaungs S
2 cwl ol S e sliS (Zamani et al., 2013
Forouzi et ) col Sglae pass alizes plB) s o alS
al., 2016; Ghahramani et al., 2018; Allahverdiyev et
ool QL.M; ‘a..\.;f S9, o ﬁl:{d‘ 6La>u~a>5f ﬁL.q (al., 2018
5 0,Skee wazme JEDl olS calize slaplal 4 (g 5wgd
Noor-) &l @gles Kas b o,Slee L bas o Slao ple
Mohammadi et al., 2009; Ahmadi et al., 2017,
MHamze et al., 2020

ol 65970 QLS 505 5 08, Gln Seeier slagal
b oodle oLS slacyge e (Khan et al., 2012)
HlS alixe slbaply JEl o coge Gl gad g o,
Wolters and Jurgens, ) & ls Jaxe slo i 4 Zuwly jo
2 B sl et 3l S GeeS s (2009
sl iegsy wo)ls sage p I, o @by 5 el LS
Szl g o Shee (Suigls st e i Dlio S G
Khamdi er al., 2019; Sarafraz ) 5o paiS o Sles
(e (Ardakani et al., 2019; Zaheer et al., 2019
alisee a8 STy a8l ools lis oals plodl sla imgss
il gl jlw Wlg oo S g 08 4 paiS
Sarafraz Ardakani et al., 2019; Jalali Honarmand et )
5 dame JWLl g piSgie AL Jsle S
A5l ead in S paiS 68, Al (Giiwgid dlge arads
Ol ol 2l g O Lulps o sadss o Shee cp 5V
A ‘).?| 9 f‘fb

\Yaf-40 L;cb)' JL..; 5 u*‘-‘L")] ‘5‘),?‘ Jz.o u;“"b':“?'a’ (_gl.{bc.bb -\ Jﬁ..\.?
Table 1. Meteorological data of the experimental site in 2015 and 2016

Meteorological parameter Oct. Nov. Dec.

Jan. Feb. March April May June July

Sum of monthly precipitation (mm) 16.6 73.6 14.6

Mean of monthly temperature (°C) 17.3 9.5

Maximum temperature ("C) 9.1 4.6 2.8

Minimum temperature (°C) 254 14.3
Relative humidity (%) 52 66

15.9 31.8 31.6 83.2 6.6 0.5 1.1
24 23 8.8 10.8 16.7 22.3 26.6
-2.8 -3.2 2.6 4.2 8.4 12.9 18.5
7.7 7.9 15 17.4 25 31.8 34.6
64 63 56 56 46 44 41
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Table 2. Analysis of variance of the effect of cytokinin application on physiological traits and yield components of wheat

Mean square’
Source of
o df APA- APA-
variations LAI SC 1-COx TR N-CO; RPA  APS-Leaf . GY
Stem Spike
Block 3 0.087™ 0.000058™ 7140.52"  0.136™ 553 0.156° 0.076™ 39.73"  1.12™  679511.96™
Cytokinin 1 15.68"  0.002”  16093.02 1.58** 109.96™ 0355 4.9  37.69" 4428  9289866.90""
Cultivar 5 552"  0.00069° 458926  0.388" 2549 0.69" 206"  27.27" 33.19%  7095746.53"
Cgﬁﬁ;‘i X5 0450 0.00019% 123842 0.104™ 4277 04617 372 6.82™  39.36™  1908450.23"
Error 33 083  0.00023 160038  0.093 303 0038 0345 8.51 23 377500.18
CV (%) - 1640 20.8 29.8 14.6 20.7 8.7 4.1 5.6 4.6 12.84

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

. LAI, leaf area index; SC, stomatal conductance to water vapour (mmol/m?/s); I-CO2, intercellular CO2 concentration (Ci) (mmol/m?/s);
TR, transpiration rate (mmol H20/m?s); N-COz, net CO: assimilation rate (ACO2) (umol CO2/m?/s); RPA, remobilization of photo-
assimilate (g/plant); APS-L, allocation of photosynthetic substances to leaf (%); APA-Stem, allocation of photo-assimilate to stem (%);
APA-Spike, allocation of photo-assimilate to spike (%); GY, grain yield (kg/ha).
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Figure 1. Comparison of means of cytokinin foliar applicationxcultivar interaction on remobilization photo-assimilate in

wheat
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Table 3. Comparison of means of the effect of cytokinin foliar application levels and cultivars on physiological traits and
yield components of wheat

Treatment' LAI SC 1-CO2 (Ci) TR (Ii'gg;) APA-Stem
Cytokinin
0 um 2.54b 0.0667b 152.15a 1.9b 6.88b 53.32a
50 um 3.41a 0.0796a 115.53b 2.26a 991a 51.54b
Cultivar
Roshan 3.47a 0.0875a 137.35abc 2.38a 9.9a 52.89ab
Karaj 3 2.51b 0.0775ab 98.23¢ 2.27ab 10.6a 50.56b
Azadi 2.96ab 0.0738abc 114.38bc 2.15abc 9.4a 50.66b
Falat 2.76b 0.0725abc 165.44a 1.98bc 6.46b 51.57b
Yavaros 2.49b 0.0675bc 146.11ab 1.86¢ 7.04b 53.62ab
Sardari 2.39b 0.0601c 141.56abc 1.87¢ 6.95b 55.27a

T: Means followed by similar letter (s) in each column are not significantly different Duncan’s test at 5% probability level. LAI, leaf
area index; SC, stomatal conductance to water vapour (mmol/m?s); I-COz, intercellular CO2 concentration (Ci) (mmol/m?/s); TR,
transpiration rate (mmol H20/m?/s); N-CO2, net CO2 assimilation rate (ACO2) (umol CO2/m?%s); APA-Stem, allocation of photo-

assimilate to stem (%).
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Abstract

To investigate the effect of foliar application of cytokinin on gas exchange, remobilization and
allocation of photosynthetic materials of wheat cultivars, an experiment was carried out under field
conditions. The experimental treatments included foliar application of 6-benzylaminopurine at two
levels (0 as control and 50 uM), and six wheat cultivars (Azadi, Karaj 3, Roshan, Falat, Sardari and
Yavarus) which as factorial experiment in a randomized complete block design with four replication
were studied. The results showed that foliar application of cytokinin increased leaf area index (LAI)
and Roshan had the highest leaf area index. Photosynthetic rate of the studied cultivars was also
different and the use of cytokinin increased the photosynthetic rate. Foliar application of cytokinin
increased the remobilization of Falat, Roshan and Sardari cultivars and decreased Azadi cultivar, but
had no significant effect on Karaj 3 and Yavarus cultivars. The effect of cytokinin on the allocation of
photosynthetic assimilates to stem, leaf and spike of the studied cultivars was very different, so that
with the application of cytokinin, the allocation of photo-assimilates to leaf decreased in Falat and
increased in the other cultivars, but in the case of spike, the allocation of photo-assimilates to spike
decreased in Roshan cultivar and increased in Karaj 3 and Sardari cultivars, while it did not affect on
the other cultivars. In contrast, the allocation of photo-assimilates to stem was reduced about 3.3% by
foliar application of cytokinin and Sardari, Yavarus and Roshan cultivars had the highest percentage
of the allocation of photo-assimilates to stem. Grain yield of Karaj 3, Yavarus and Sardari cultivars
increased by foliar application of cytokinin and the highest and lowest grain yield was observed in the
control treatment (no application of cytokinin) in Azadi (5700 kg/ha) and Roshan (3100 kg/ha)
cultivars, respectively, while under cytokinin foliar application, Yavaros and Roshan cultivars with
6300 and 3300 kg/ha had the highest and lowest grain yield, respectively. The results of this
experiment showed different effects of cytokinin on different traits and wheat cultivars, but to obtain
more accurate and complete results, it is suggested to measure the internal cytokinin concentration of
wheat cultivars.
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