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Introduction

In recent decades, the introduction of high-yielding cultivars under optimal conditions has been the main
focus of grain research programs. The identification of wheat cultivars that have acceptable yields on different
planting dates has been taken into account.

Materials and Methods

The present split-plot test was performed with three replications in two cropping years, 2016-2017 and 2017-
2018. The main factor included three planting dates (October 20, November 20, and December 20 as early,
normal, and delayed planting dates), and the sub-factor included six wheat cultivars (Zare with winter growth
habits, Heidari, Pishgam, and Alvand with facultative growth habits, and Sirvan and Pishtaz with spring growth
habits). The soil was sampled from a depth of 0 to 30 cm before the experiment, and the physical and chemical
traits of the soil were determined. Land preparation steps were performed before the experiment. For this
purpose, a land area of 1500 m? was plowed by a reversible plow and then leveled. Fertilizer application was
performed based on the soil experiment results as 100 kg.ha™ of triple superphosphate, 100 kg.ha™ of potassium
sulfate, and 100 kg.ha™ of urea before planting. The rest of the urea fertilizer (200 kg.ha™) was applied at the
stage of stem emergence and the beginning of anthesis wheat. Iron, zinc, and manganese fertilizers were also
used from their sulfate sources at the rate of 0.2%, which were sprayed in two stages at the beginning of stalking
and spiking. Each plot was 5 m long and 2 m wide and consisted of 8 planting rows at a distance of 25 cm. A
distance of 50 cm was considered between the two sub-plots and 1 m between the two main plots. The required
seed for each experimental plot was determined and distributed based on the density of 400 seeds per m2 based
on the weight of 1000 seeds of each cultivar. Irrigation was performed immediately after planting. Agricultural
care was applied uniformly, including pest, disease, and weed control. In each subplot, 50 cm from the beginning
and end of the rows was considered as the margin. All data were subjected to ANOVA using the GLM procedure
of SAS (SAS 9.1) and means were compared by using the Duncan test at 5% probability level.

Results and Discussion

The results showed that delayed planting reduced nutrient uptake and increased the extinction coefficient.
Radiation use efficiency on the planting date of December 20 showed a reduction of 27% and 25%, compared to
the planting date of October 20 in 2016-2017 and 2017-2018, respectively. Also, on December 20, Sirvan and
Pishtaz cultivars with spring growth habits showed lower extinction coefficients and higher photosynthesis rates
than winter and facultative cultivars. On October 20 and November 20, the highest grain yield was obtained in
cultivars with winter and facultative growth habits. On December 20, the grain yield was higher in cultivars with
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facultative and spring growth habits than in winter cultivars. Late planting of wheat cultivars with winter growth
type, which must receive low temperatures for Vernalization, is very risky. Because delaying planting may lead
to a sharp decrease in yield .These negative consequences of the delay in planting may have occurred through
disruption of absorption of water, nutrients, and absorption of active photosynthetic radiation. Late cultivation
shortens the vegetative growth period and the plant enters the reproductive stage prematurely, and then the plant
faces a lack of photosynthetic resources. Also, the grain filling period is faced with drought and heat stress at the
end of the season and this final stress causes a sharp decrease in yield.

Conclusion

In general, the delayed planting significantly reduced grain yield, especially in cultivars with winter growth
habits. Therefore, it is recommended to use intermediate and spring cultivars for delayed cultivation.

Keywords: Growth habit, Harvest index, Leaf nitrogen, Radiation use efficiency
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Table 2- Analysis of soil physical and chemical testing
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Table 3- Analysis of variance (mean square) for studied traits elements and physiological of wheat influenced by different planting dates
and cultivars
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Year S.0V &3 » Leaf P Leaf K Chla Chib Chla+b
DF Leaf N
"_’5“" . 2 0.146"™ 0.0002"™ 0.237"™ 2.68" 0.567" 0.887™
Replication
““5 &b 2 0.260" 0.001" 0.033"™ 0.617™ 0.314™ 1.813"
Planting date
Ve 4 0.053 0.0002 0.010 0.044 0.067 0.050
Error 1
1395-96 ) 5 0.0009 " 0.0001" 0.025™ 0.014" 0.017™ 0.055™
Cultivar
SSEEXE 19 00009™ 0.0001" 0.005™ 0.102"™ 0.001™ 0.016™
Interaction
Y 30 0.031 0.0001 0.015 0.005 0.005 0.015
Error 2
Sl e 9.0 56 95 33 6.3 112
CV (%)
’_"“' . 2 0.036" 0.000005"™ 0.203" 0.888™ 0.217" 0.252"
replication
““‘5 &b 2 0.394" 0.001" 0.075™ 0.618™ 0.694™ 0.620™
Planting date
M 4 0.079 0.00009 0.117 0.023 0.041 0.109
Error 1
~13% % 5 0.003" 0.0001" 0.043" 0.034™ 0.035™ 0.123™
97 Cultivar
”““5 ab x w4 10 0.012" 0.00005™ 0.021"™ 0.007™ 0.003"™ 0.010"
Interaction
Yl 30 0.021 0.0001 0.038 0.009 0.007 0.020
Error 2
et 75 5.7 156 9.9 7.9 9.2
CV (%)

ol Hly e pie gl yd w9 S Jlois ] e )3 (4l pxe i NS o FF X
#, %%, and ns are significant at the 1 and 5 percent probability level and non-significant, respectively.
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Table 4- Mean comparison of planting dates for leaf N, leaf P, chlorophyll a, chlorophyll b, chlorophyll a+b, and radiation use
efficiency of wheat

e e 1 e .. s . A b4 8
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- Chlorophyll a Chlorophyll b Chlorophyll a+b
Planting Leaf N Leaf P (mg g™ leaf fresh (mg g™ leaf fresh (mg g™ leaf fresh
date (%) (%) 99 99 " 99"
weight) weight) weight)
1395-96 1396-97  1395-96  1396-97 1395-96 1396-97  1395-96  1396-97  1395-96  1396-97
2o 2.10° 2.13° 0.2002 0.1972 251° 24872 1.292 1.252 3.80° 3.74°
120ctober
ol 1.97%® 194%™ 0.197%  0190®  236° 2.352 1.20%® 1.09 2 3.56° 3.44°2
11November
A 1.86° 1.83° 0.181° 0.182° 2.14° 2.12° 1.03° 0.86° 3.17°¢ 2.98°
11December
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Means followed by the same letters in each column are not significantly different by the Duncan test at 5% probability level.
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Table 5- Mean comparison of cultivars for chlorophyll a, chlorophyll b, and chlorophyll a+b of wheat

) by S b by 5 JS Undg S
~) Chlorophyll a Chlorophyll b Chlorophyll a+b
Cultivar (mg g’* leaf fresh weight) (mg g’* leaf fresh weight) (mg g* leaf fresh weight)
1395-96 1396-97 1395-96 1396-97 1395-96 1396-97
el 233 233 119 1.13° 3,52 3462
Zare
S 2.33% 2.34% 1220 1.13° 3.56 2 3.47°
Heidari
P 237 2.34® 1.21° 1.08% 358° 343°
Pishgam
9l 2.39° 2.40° 1.18% 1.08% 358° 3.48°
Alvand
u'_'”’”“ 2.29° 2.23¢ 1.13° 0.98°¢ 3.42° 3.22°
Sirvan
)L‘“’ 229" 2.26 "% 1.11° 1.00 3.41° 3.26°
Pishtaz

W5 gl sime gl Moy gy el pdaws j3 SO (9051 b gty 3 Sy Cg s b slauSikie
Means followed by the same letters in each column are not significantly different by the Duncan test at 5% probability
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Table 6- Analysis of variance (mean square) for radiation extinction coefficient, radiation use efficiency, photosynthetic rate, biological
.yield, grain yield, and harvest index of wheat influenced by different planting dates and cultivars

[PV . Lo
a > K "}m“ b pao 21, s s 3 Slos sl
J Ol sk glie s SYeg! 19 F:‘;“”" hf“_" Sosglen PShes eipy,
sl; iati otosynthetic i o :
Year SOV ij f) ein?r:i::gz Radiation rgte Biological ~ Grainyield  Harvest
' coefficient use efficiency yield index
Rep)l‘ijcjtion 2 0.004* 0.010™ 0.292"™ 1.12** 0.04** 26.9%*
- 2 0.123* 0.056* 8.280* 0.16%* 0.05%* 33.1%
Planting date
) slas
Error 1 4 0.0003 0.003 0.802 0.007 0.001 4.6
1395-96 c Fllté_’l 5 0.003** 0.0002"™ 0.179™ 0.023ns 0.019** T72.7%*
ultivar
. ut:“ t')e 10 0.001** 0.0006"™ 0.523* 0.037** 0.008** 12.6**
interaction
Y oslbs
Error 2 30 0.0003 0.0003 0.198 0.011 0.002 3.18
et 9.1 54 7.0 8.8 9.9 41
CV (%)
Rep)l|')cs;t'on 2 0.001™ 0.004™ 0.189"™ 0.019™ 0.002" 2.27™
I 1
3 gl 2 0.136%* 0.014* 4.838* 0.038* 0.021%* 58.7%*
Planting date
) slas
E 1 4 0.002 0.004 0.293 0.01 0.006 9.18
rror
1396-97 c TtL'Q)lar 5 0.001** 0.001™ 0.195** 0.025* 0.004ns 26.4**
ultiv
i "tb' t'ﬂ 10 0.001** 0.002™ 0.150** 0.018* 0.006* 18.07**
interaction
Vol
E 9 30 0.0002 0.0005 0.035 0.009 0.002 2.78
rror
et 125 6.1 9.0 8.3 8.4 35
CV (%)
ol 3 e pis g doyd 9 S Jlein ] aw )3 (43 xe i NS 5 FF X
%, and ns are significant at the 1 and 5 percent probability level and non-significant, respectively.
. - . \ . » . “ .
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1- Radiation Use Efficiency=RUE



VERY 5l F )losd Y ale ol ) (815 Slawbidgis wpets  TYA

Cl (ySao pli 0 S 13 0555, line LEals aad o sl
A8l 6y el 0 I Y 51 S

Caila g goAlds g dila o Slac (a5 ¢l gas o Slac
(Seidgn 2y Slos Lol [iiSanys g o8y «udlS )0 5
25 Jgaz) o 8 15U cou |y cusl y e ls 5 4l 5 Slos
e Wliwme) 08y 13 Seiglom 2o (it oo Vo CllS )b
2 Sieden 3y Sloe yials Caw cidls o b Lol i sanlio
Jlo g3 2 ) b Ve clls gy )5 0 o8y ol 53 Jlo 93 50
4 Cod (Gl Sfglon 2o (e (ol Ay Cole L pB)
5 asly s, Slae i oLl Ve gy Vo cils Gl
5 &) a3y @ole b a5 \YAF-AY 5 VW05 el Lo
L Sty g Olgyes pL3)) et (Y Jgi) ol sty iy
2% ggw il (gymeS il 0,Sles e 0)lpe Ady cole
ady o L pls)) jo asly 5, 8des Y g LT Yo cusls &b
A5 A oplpliy g pide dlius pB)l 4 s 0)le 9 (i
02>V aib 5 Sles jb bz il cuw clS 0 030ty 0

(P gia) ol 0 dilisj 0y i L 055 52
0adls oL Yo gy Vel o)l L AYA0-98 Jlo
o)LQ‘v e A Cund duL_mA) Ay ol Lv ralé)l Jp ra..\.‘\f CA.JB].)){
iz pLB)l s WWAF-AY Jlo 3 &S s e ol las i3l
2ol 50 55 (gaw (1Y Jsin) sl sdaline (o) xe cuglas

D9 I3 gme (gylel Ll jl a8 ki s sl polin
oLS sy )93 Jobo b oL el cudls’ olo ,o 3l
ol S o Ader (eSS Siis odlo olS Ao )3 g 204 oo
23loo yel cnl e 55 udlS 3 3L L S5lgn 3 Shos StnlS
HLoby wlilas K8 5155 -ldise (HU & Wiatrak, 2012)
256 s 1 08y 0590 2l sle)S (15 S 4 clS 5 43 b
Kamaei, Eisvand, ) cowl 0352 (S5e)es5ud (sla adls o
» sials Yl cplpls (Daneshvar, & Nazarian, 2019
cils Fuyl 0 (Sielan 3 Sas alos 5l ad) gla il 5
slaccJls o M3 g Lég JS elgime yinlS dois ) )5] B
pLE) aS il 4 da i L 1500 (9w jl el oad Jolbs (gjuingid
oo ol Bsd (olj dlo po 3y Lilete 5 3,01 00 o]

[(al., 2017

4SSy b yg Bpae 2l (AL cuw clS )3 (3L
YO o VY LS cogpa WA o \YA0-98 cla Jlo ) e
hS WYl )5 cpiored (Y Joda) db Ll gas)d
9 S g 4 )9 Spas QLI (T Joiz) ol L gyl ine
LS CdS )l (i (3B 055) (e 5 Sy 4l
4 29 o oS M) 093 Job (y92 i 9 Alienej pB)] (6
LS aoms o adl yialS 550555, e 9 S pdaw G
b ol 35 )9 Spas

YLy e Ve clils &, 50 plSomdg; cudS jo 4> 51
lol blod 51 Lol s osnlive diliune) o8 50 jiuwgid Cas o ylime
Friwgd sy cizman (Y Jgi2) 395 3 dne Sl (i
D Ui gyld e oglds Caliseo plB)l )3 LT Ve cuslS Fu by
9 W% sl Jlw ) jriwgtd Coopuw (il ;03 S
le b 5l g lgpme pB,l 50 BT Ve cusls )b > \YAs-ay
S imo O] dilie) 08 ) 4 Comd 4 A oaline 0,ley A,
Sl olis

2 Jgazme oS (bl @) p Slg oo ks & CllS @)l i
23) 9y 2 Sk )30 8L A8 (e 0y ) 3 a8y Juad Jsbo
San mlin gyl D cudlS (ol ogMe sl H38 50 5 Lo
0395 b yS SV gl ol )3 gyl lug) 0993 Jsbo 4
Richards, Preston, )ss s , oxie (gdudyed addads codl)d
ZolS 50 s yecmen .(Napier, Jenkins, & Maphosa, 2020
3y Sdas (59) palime it )5-bdny Cunl (Sae (5398 Spae 25
slaiyl; 5 (Lake & Sadras, 2017) s il JliS,56 Jgwae
L aed o Gl o Cunl (Sae & 0300 (U5 2994 (LS
Cdlyd Gl 53 e Qe cplply b dgue pRdg) CBlS
Mubvuma, ) ssoly s cadlS Zo )b o jom s 4 1) aidedds
a3 <l > 43 4o 500 s9w j1.(Ogola, & Mhizha, 2021
Olej 9 48y 0)93 Jobo )3 SMST s &y 1) il pB ) (g )5 JS
.(Bhattacharya, 2018) cewl oads i)l55 (So5ela 508 (Sduw,
Ol SRS a8 col (oo calpo 6y SVl o
Khayamim, Mazaheri, ) sl o LS dzol> > ;o ials
oyl (Banayan Aval, Gauhari, & Jahansoz, 2001
Wb YU o s opl Jlae (S5 5 ol Gollasl cans opl iol58l
lgi e ol Sl 48 Bl halS olS (Bl ) e in
ol gt gl bl oSS, e b g Sy mhw ials



Y4 Lcals g b 50 pusS calizko 8,1 ails & ySlos g (5 yioawgid G s lh (w2 o] )0 g g5 d JSls

0l g 4l 3,50 ¢ S elgm 3ol (Fhwgid i g (6598 S g o 11 P8l g CuilS U (51 LiiSod 31 (1Sl du o -V Joua
XV M‘bﬁ
Table 7- Mean comparison of interactions of planting dates and cultivars for radiation extinction coefficient, photosynthetic
rate, biological yield, grain yield, and harvest index of wheat

.5 . ‘w . " o . K - ® oy~
@)U d)yRa)dLQ"‘“’iation. Bad oo g8 & s ‘S.!')’\%_. ;’Sleg 4.0,.5..: ,SJ.o.c W‘bﬁ "
cusls o3, extinction Photosynthetic rate  Biological yield Grain ylleld Harvest index

-2 o1 -1 -

Planting Cultivar coefficient (umol m™s™) (kg-ha”) (kg.ha”) (%0)

date i i ) } 1395- 1396- 1395- 1396-  1395-  1396-
1395-96  1396-97  1395-96 1396-97 % 97 9% 97 9% 97
Zare 05277  0530° 7.20° 6.75%  14020° 12520°  6535°  6320° 46.6® 50.2°

Heidari 05407 0.525°¢ 7.22°8 6.78% 11630 12650° 5830  6335%  49.9°  50.1°
e Ve Pishgam  0.5367  0.529° 7.10°8 6.67%C  12840° 12720 5620  6022% 432%  47.7®
120ct. Alvand 05267 0.518° 7.06° 6.67%°  13040° 11430° 6050  5415° 465%  475®
Sirvan 05367 0516°¢ 6.82%® 6.68%  12220° 11832%  4915°  5120° 40.8°  43.0®
Pishtaz 05277 0532° 6.83 % 6.67 %  12925°  13330°  5040° 5820® 39.1"  43.9%

Zare 06259 0621¢ 6.44% 6.14%  12030° 10340 5930° 5220° 45.6® 50.4°

Heidari 0627% 06169  6.48°% 6289  13300® 10725° 6025 5425 452%™ 5027

BARE Pishgam  0.629¢ 06189  648% 634"  13730* 13035° 5520  6108* 40.3° 47.3%
11Nov. Alvand 06249 0613¢ 653% 632  13140° 12210 6108°  6320° 46.5% 52.2°
Sirvan 0.609%  0.619¢ 6.9 ¢ 6.30 ¢ 11320  12008®  5130° 61107 451%  47.2®

Pishtaz 0590¢ 0.624¢  6.47% 6349  12125° 11910°  4640° 5720 38.2°  47.8®

Zare 0.747% 0.729® 5.09° 5.18 ¢ 10808°  10800° 47109  3512%  40.0° 43.2®

Heidari 0.741%®  0.735% 5.13° 5.279 12308°  12300° 5110  4320% 39.4°  41.6°

ST Pishgam  0.712™ 0.705°  5.84°* 5697 11625 11110%®  5024° 5410 43.3®  48.9%
11Dec. Alvand 0.703¢  0.704°  5.85¢e 5.73" 11310  11300%  5320°  5400% 451%  47.4®
Sirvan 0.641% 0660°  6.09" 593  11235% 11200 5116%  4320%  41.4°  455%®

Pishtaz 0.643% 0660°¢  6.10° 5.60% 12205 12200° 5720® 5115  40.9°  46.9%®

W (g )b pixe gl Moy iy Jlais ] s j> (4SS O?"):‘ L ogiw 0 (s Bop b oSk
Means followed by the same letters in each column are not significantly different by the Duncan test at 5% probability level.
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