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ABSTRACT

Stems water soluble carbohydrates are one of the major sources of assimilates for seed filling in
photosynthesis limitaton and drought stress. The objective of this study was to evaluate stem reserves
accumulation capacity and its relationship with yield of wheat cultivars under cycocel (cycocel) treatments.
22 wheat cultivars were cultivated in a split plot design with three replications, cycocel foliar application and
control (no cycocel) being main plots and wheat cultivars were sub plots. The amount of accumulation was
estimated by measuring stem weight and stem soluble carbohydrates content (WSC). Significant variation
among cultivars was observed under both cycocel and control treatments. Cycocel foliar application reduced
stem length by 3.9% and increased stem specific weight by 6%. An increase in WSC content was observed
in some cultivars with cycocel application. Cycocel, not only affected the distribution of photosynthetic
assimilates between structural and soluble compounds in the stem, but also increased grain yield and number
of seeds per spike. Cycocel increased the number of seeds per spike by 6% and grain yield by 8.2%.
According to the results of cluster analysis, in both control and cyclool application treatments, Shabrang and
Pishgam cultivars were the best cultivars in terms of studied traits. In conclusion, foliar application of
cycocel in the second node emergence stage of wheat had a positive effect on grain yield and number of
grains per spike and it aslo improved WSC accumulation capacity especially in taller cultivars.
Keywords: Chloroquate chloride (CCC), photoassimilate storage, stem specific weight, water soluble
carbohydrates.
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Table 1. Names and properties of studied cultivars in experiment

Year of cultivar

Cultivar Cultivated area release Pedigree
Akbari Temperate 2006 1-63-31-/3/12300/Tob//Cno/Sx-0IRN
Arta Warm and humid 2006 HD2206/Hork//Bul/6/CMH80A.253/2/M2A/CML//....
Baharan Temperate 2014 KAUZ/PASTOR//PBW343
Bam Temperate 2006 Vee’S’/Nac//1-66-22
Chamran Hot and dry 1997 Attila (CM85836-50Y)
Dena Warm and 2007 CIMMYT taroo- 3 from
temperate
Dez Hot and dry 2002 Kauz*2/Opata//Kauz
Hamoon Hot and dry 2002 Roshan*Falat
Marvdasht ~ Temperate 1999 HD2172/Bloudan//Azd
Mehregan  Hotand dry 2014 OASIS/SKAUZ//4*BCN/3/2*PASTOR
Moghan3 ~ Warm and humid 2006 Luan/3/V763.23/\/879.C8//Pvn/4/Picus 5/Opata
Parsi Temperate 2009 Dove’S’/Buc’S’//2*Darab
Pishgam Cold 2009 Bkt/90-Zhong87
Pishtaz Temperate 2002 Alvand//Aldan/las58
Rasul Warm and humid 1992 Veery’S’#7 = Kvz/Buho’S’/ /Kal/Bb
Shabrang  Hotand dry 2014 SORA/2*PLATA1L2
Shiraz Temperate 2002 Gv/D630//Ald’S’/3/Azd
Shoosh Hot and dry 2014 CBRD-3/STORKxDICOCCOIDES ICW99-0474-11AP-0AP-0AP-4AP-0AP
Zagros Warm and humid 1996 Tan”’s”/vee”//opata
L1.11//F35.70/Mo73/4/Ymh/Tob//Mcd/3/Lira CIT925080-0SE-0YC-7YC-
Zare Cold 2010
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Table 2. Analysis of variance for different traits of wheat cultivars under application of cycocel

. Stem length : Stem special WSC content Grain number 1000-seed Grain yield
Source of variation df Stem dry weight per spike weight
Rep(R) 2 220.7" 16251 6012.5" 5.08™ 21.22m 13310"
CCC application (A) 1 286.4™ 44518.3" 39413.2" 172.70" 273.40" 62764.7"
Errora 2 2.0 6.7 7804.0 9.12 14.28 792.1
Cultivar (B) 19 133.8" 444418.9™ 184496.8™ 349.40™ 77.72™ 152994.1™
AxB 19 0.8 5.5 3622.6" 6.02" 12.97" 557.6™
Error b 76 63.9 10123.6 2009.3 23.38 6.71 8228.1
CV (%) 10.34 6.12 10.32 9.64 6.56 15.68
s IS e pas g ao)s g oS5 Jleisl e (o jls e o a5y e

*, ™ and " represent significant at 5%, 1% levels and non-significant, respectively.

Hliae S8 gw ;I (Akbarimehr et al., 2021)
Ol s JawgSoles (S 0,5 a5 wis S 5,158
Sae Job g oo Bl 4ty S g JLas!
A W

U5l ) Lo

ol e a5 (Pourmohammad et al., 2014)
o JwsSols > 0,8 (Vigna radiate L.)

SguaS Lyl 40 oS
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5 o8y ool il Lubjly ae mls Gb
Sg o gre aBle S 035 p JusSole (SAL sl
il S 559 JsSalu 0,5 (Y Jsaz) (p<0.01)
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.(Ruuska et al., 2006)
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039 JewsSole 0,5 (Y Jguz) (p=0.01) oy
Y Jgaz) ols aldl veys £ B 1) dle  pease
039 Ot ) o3l i Sileo dglie bt oo
Cawd 4 plliy g SOyl Lo Pl 51 aBle  pgase
2 b 4 i s o Slee Sl el ) oSl
OGS (P Jgaz) w8y S )13 5 ¥ AT laas,
9 5 lrez )ly B Sl 55 Ble egaze (339
5 il 0 ,Shas il al51 ) a5 sl s &y ST,
wzd)S BT 5 VAN A gbas, o iy
e g Sude abaly (Swer &35 (F Jgo2)
Sle plas 1) adle Sz 039 b Bl pgake (35
395 dsJllao ,o (Y- 1 V) Ayenehband etal. .(F Js0>)
bl pasS )3 sazme JUl 5 (55lwe S les )
@ Oy e P Sl la Sy Sl 45wl
g 8lo ()39 9 Ble Job o JobsS (s5lwo eSS S 1a>
03 el dile ppaze G55 Lol e
oole dazme Jlail b cie galal, d8le pgase

ol Jele lylil jo ozmes ol Wbl S

o2 50 Yl pl Jcpll (Farooq & Bano, 2006)
S (39 Pl ol (e 50 aS 9l o ol
WSC aghsil 5 ol JsSals Gyae il 4o adle
i 5 6l DS 5 Gl e 4 oy
Slgizo Dl s cwy g b el 009y a8l ol o)lgso
OS9) Jgw by (o i 59) ABlo slacljung S
Oinlesl cpl o danlllass yge e8| aBle )55 .o Sales
wli Gk g iie a5 s YITE B YAA oo
S 0jy b @Byl esle S Sl anslis
Lo g pllay oJom, « St opele pB)l 5o adla
il 3l GV Jomily Sy o b osalie
Al Syt g iy Bl cnl w5l el 6B
J9az) a3 18 6 e sleas,) 5o 5 4l o Sles
&)l Sbeday Ol ez e8] 5l 5 aBles 039 0 yeS (F

O 099 S derel liiey 9 gl5 ()l pB)
aily oYU b gals o Shes Ble Sas
Jole 5 o)l Glatljous: S (e (§5iiwgid dlge
Lol a5 Sy ofgas Dolas cpl ol o0 )li;ﬂ I
Sg dxlge  Jludles )3 5l ww Sis 5 Lyl
35 (Y-Y)) Mahmoudi et al. .ab o 55005 Connl
Bl St (9 (oled &5 W8S BS99 (o) 5
WSC a4 (adle Sz 59) pld giSlas dl>ye jo
Pl cend L aSh sl god olais! sl L8
sl a3 53 5 005 JEH 5 Jsbro (laans,S
S5 oo 8 eolaiulyyge o Sles (6 S USE 5 dazxe
Bl 3 il d Janilly 5 (s3iigid olye oz
Lyls jo ol olS o, bl a4 ool Sils

Sade ((Faxe dlge g Cagby oo Al gud ) Cellae



g il 3,Shos py osSols 0y 00iiS iy 5,5 51 San 5 goan| VoY

£ Jeaz)  ald csslie Cuie S alolia 39 5 dBle ogase 39 o (JwsSole

oS Slio (Fp p JusSile (8L olore o3l 1 (S0l anslio Y Joor
Table 3. Mean comparison of simple effect of cycocel application on some traits of wheat

Cycocel levels Stem length (cm) Stem dry weight Stem special Grain number Grain yield
(mg/plant) weight per spike (g/m?)
Control 78.86 2 1625° 21.25° 49.05° 555.5 P
CCC application 75.77° 16642 22542 519 601.32
%Variation -3.9 2.4 5.8 6.1 8.2

Al SSls Qj.a)'] bl 6l s AW (g ;2 10 S i By gl slo . Silo
Means that have a common letter in each column, are not significantly different.

wua“’o)ﬁ"’ olas L?)’f ° l"lé)l LS"\'U.A'?S) 9 Wé) ool )"‘ u—‘il-‘-" ML“ -¥ J?"\?
Table 4. Mean comparison of simple effect of cultivar and cultivar’s ranking on some studied traits

_ Stem Ranking Sten_1 dry Ranking Stem special Ranking Grain Ranking G _rain Ranking
Cultivar length weight weight numb.er yield
(cm) (mg/plant) per spike (9/m?)

Akbari 82.9 &¢ 3 1869 P 7 21.3849 10 38.5 9" 19 395.4 ik 17
Arta 76.3 *¢ 12 1612 ¢¢ 11 22.57%9 9 36" 20 372.3k 18
Baharan 73.4 ¢ 16 1484 &h 14 20.77¢h 11 53.4 1 694 bd 6
Bam 72.8 ¢ 18 1431 9 16 19.73 14 45.9 ¢ 14 423.7 M 16
Chamran 76.6 2® 11 13081 20 17.32N 19 53.1« 8 562.5 &9 11
Dena 76 be 13 20382 5 27.052 1 62.5¢% 2 527.4 th 13
Dez 68.5°¢ 20 1616 10 23.84%¢ 6 52.8% 9 743.6 *¢ 5
Hamoon 71¢% 19 150199 1 23.50¢ 7 59.6 @ 5 579.4 49 10
Marvdasht ~ 82.6 b 4 1629 o 9 20.55¢ 13 43517 16 339.1 K 19
Mehregan ~ 80.1 b 6 1447 *i 15 24.32bd 5 4341 17 764.4 ¢ 4
Moghan3 78,6 e 8 1888 b 6 23.42¢¢ 8 49.8 % 12 609.7 &9 9
Parsi 73.6 b¢ 15 1370 M 17 18.81¢1 16 50.1 % 11 790.3 @ 3
Pishgam 73.1¢¢ 17 2055 @ 4 26.17% 3 59.6 @ 4 814.6° 1
Pishtaz 76.7 & 10 1321 19 17.39hi 18 57.3%¢ 6 666.4 c 7
Rasul 8461 2 2089 2 3 24.92bc 4 49.6 % 13 307.1% 20
Shabrang  74.7 be 14 21342 2 26.672 2 59.9° 3 802 @ 2
Shiraz 76.8 be 9 1571 ¢f 12 20.58¢ 12 399" 18 491.1 9 15
Shoosh 86.12 1 1669 ¢ 8 19.42% 15 502 10 509.1 oh 14
Zagros 82.1 b 5 1499 d¢ 13 18.4491 17 45.4 ¢ 15 545.9 f 12
Zare 79.6 b 7 1356 M 18 17.08 20 53.6 "¢ 7 630.1 ¢ 8

Wl SSls 05,4)'] bl sl dme BMST ygin ;o 40 S i B> gl sla ke
Means that have a common letter in each column, are not significantly different.
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carbohydrates and WSC specifc content of wheat
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Table 5. Mean comparison of interaction of cultivar x cycocel application on 1000-seed weight, water soluble

1000-seed weight (g)

Water soluble carbohydrates

content (mg/g)

WSC specifc content (mg/cm)

Cultivar Control CccC %WVariation Control CccC %Variation Control CccC %Variation
Akbari 41.03%9 38.23"9 -6.82 2129 215% 1.42 10.27 9.73 5.3
Arta 41.53%9 38.73% -6.74 686° 687° 0.15 31.31 29.57 -5.6
Baharan 43584 41.9%9 -3.68 599° 543%h -9.35 29.94 25.21 -15.8
Bam 32.83m 33.3m 1.43 5459f 519" -5.00 28.54 25.49 -10.7
Chamran 44,77 41.83*9 -6.57 294" 303" 3.06 17.06 17.43 22
Dena 40.57°9 43.1%¢ 6.24 511 48091 -6.07 19.43 17.27 -11.1
Dez 39.63% 36 -9.16 4671 459+ -1.71 20.09 18.79 -6.5
Hamoon 39.53% 42.37%9 7.18 428H 413+ -3.50 18.42 17.38 5.7
Marvdasht ~ 35.23" 35.9" 1.90 292 303 3.77 14.38 1457 13
Mehregan 39.5¢ 41.13%9 413 1909 174% -8.42 7.79 7.17 -8.0
Moghan3 35.5M 32.77™m -7.69 327m™ 306" -6.42 15.02 12.20 -18.8
Parsi 43.93*¢ 38.7™9 -11.91 700° 652" -6.86 38.70 33.39 -13.7
Pishgam 43,6 44,5% 2.06 784% 701° -10.58 28.64 24.19 -15.6
Pishtaz 40.93%9 38.47™9 -6.01 63204 601%¢ -4.91 37.83 33.27 -12.0
Rasul 43.27%¢ 40.17¢" -7.16 392km 47791 21.68 16.19 18.62 15.0
Shabrang 41.62%9 43.9%¢ 5.48 579 541¢h -6.56 20.71 18.42 -11.0
Shiraz 34.64 30.37™ -12.23 380™ 4341 14.21 19.09 20.41 7.0
Shoosh 38.93"¢ 35.7+ -8.30 4471 466 4.25 23.13 23.91 33
Zagros 42.8%f 45.17° 5.54 23104 2277 -1.73 12.95 11.91 -8.0
Zare 36.2™ 36.27™ 0.19 146" 147" 0.68 8.88 8.30 -6.6
Average 40 39 -2.63 442 432 -2.2 20.98 19.30 -8.0

Means that have a common letter in each column, are not significantly different.
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Table 6. The correlation coefficients between traits related to accumulation of the stem and yield in control

and cycocel application conditions.

Stem WSCSC Number
Stemd special WSC 1000-seed  of seed .
Stem length Weigh:y V\E)eight content weight  per spike yield
(SSW) (NSS)
Stem length 1
Stem dry weight 0.17m 1
SSW -0.18™ 0.87" 1
ccc  WSC content -0.51" 0.20" 0.25" 1
application WSCSC -0.23" -0.04m 011" 052" 1
1000-seed weight -0.08™ 0.23™ 047" 0.12m -0.06™ 1
NSS -0.49 0.21" 0.30" 0.27m 0.20™ 0.45" 1
yield -0.53" -0.12m 0.19™ 0.36™ 0.20™ 0.32™ 0.51" 1
Stem length 1
Stem dry weight 0.14" 1
SSW -0.24" 0.81™ 1
WSC content -0.52 0.19™ 0.25™ 1
Control -
WSCSC -0.36™ -0.06™ -0.12m™ 0.59 1
1000-seed weight 0.07™ 0.13™ 0.16"™ 0.33™ 0.24™ 1
NSS -0.48" 0.24" 0.38"™ 0.33™ 0.22m 0.30"™ 1
yield -0.42" -0.06™ 0.25™ 0.48" 0.27™ 0.32" 0.59™ 1
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Figure 1. Dendrogram of 20 wheat cultivars according to the evaluated traits using ward method in control treatment.
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Figure 2. Dendrogram of 20 wheat cultivars according to the evaluated traits using ward method in CCC
application treatment.
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