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Table 1. Meteorological information of Gorgan agricultural research station in two cropping cycles (2017-19)

(Celo) 5y Job g yore Gioskes) 3L BT Sleba g parme s gy deoys Kl (1 K)oy KoL (51, K50) as a3 S It
Accumulated day Precipitation Accumulated sunny hours Mean relative humidity Mean temperature Maximum temperature
Length (hour) (mm) (%) °C) (°C)
2017-2018
+

Month ole 2018-2019 2017-2018 2018-2019 2017-2018 2018-2019 2017-2018 2018-2019 2017-2018 2018-2019 2017-2018 2018-2019
Oct.23-Nov.21 oLt 314.42 12.1 47.3 177.7 164.8 74 73 17.4 154 23.8 21.4
Nov.22-Dec.21 T 293.04 79.1 43.8 157.1 117.0 80 83 9.4 11.5 14.9 16.5
Dec.22-Jan.20 ©3 293.30 56.0 118.8 117.4 133.7 83 81 8.8 8.3 13.9 14.3
Jan.21-Feb.19 o 315.20 47.6 116.1 113.0 147.8 82 81 8.2 8.9 12.3 14.1
Feb.20-Mar.20 Ll 335.87 25.0 176.6 98.0 169.3 81 75 11.7 10.9 16.9 17.0
Mar.21-Apr.20 TSIy 395.30 334 69.8 144.2 129.8 79 84 14.6 14.6 20.5 19.2
Apr.21-May.21 S 429.39 16.7 41.0 199.0 227.9 69 71 20.1 20.0 27.2 26.6
May.22-Jun.21 s & 451.28 4.7 3.0 251.4 293.1 67 63 25.7 27.0 324 342

i § O F (65,08 Slides ool (g e kS K 3 o555 oS! I bl g JLT-
-Meteorological information obtained from Gorgan airport station located one kilometer from Gorgan agricultural research station.

ot (455 w300l (Bre e g0 i =Y g

Table 2. Pedigree and year of release of four bread wheat cultivars

Cultivar ) Pedigree o Year of release
Eh 5.1 SABUF/7/ALTAR 84/AE.SQUARROSA (224)//Y ACO/6/CROC_I/AE SQUARROSA (205) /5/ 2016

san BR12*3/4/IAS55%4/C114123/3/IAS55*4/EG,AUS//IAS55*4/ALD
Tirgan o€ 5  PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA (TAUS)/BCN/3/VEE#7/BOW/4/PASTOR 2017
Meraj ¢~ PFAU/MILAN/3/SKAUZ/KS94U215/SKAUZ 2018

Kalateh <3 MILAN/S87230//BABAX 2018
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Table 3. Characteristics of four bread wheat cultivars used in this study

S| o8 s Tl oy
Characteristic o g Ehsan Tirgan Meraj Kalateh
Mean grain yield in adaptation trials 5l Sligle 3T s als s Shoe ke
gram i Pt S e S5l 2 K N 5719 5900 5887 5920
(kgha) OB s 5 45)
Growth habit iy oo N e e e
Spring Spring Spring Spring
Plant height (cm) ol ol L5 107 105 105 100
. _ 3 LS 355 LS 305 b8 205
Grain color ils oS s7 b ol :
R Red Yellow amber Yellow amber Yellow amber
1000-Grain weight (g) (p 5 4ls 35 45 44 40 41
(PP s 40 s 40 i
Lodging S fre [ = £ ~
Eing & Moderately resistant Moderately resistant Moderately resistant Moderately resistant
[ [ o [
Grain shatteri & s £ £ £ £
T Shaferng o Resistant Resistant Resistant Resistant
Grain protein content (%) &3 455 5 oo 12.3 122 12.3 12.3
Wet gluten content (%) sk 5 Aoy 31 323 335 315
Grain hardness &l e - 55 54 44
1S 1S 1Sy 1Sy
S ].k A s D 2 J %) D ) Pl )
pike type o Awned Awned Awned Awned
2o 2o Rados b pglan 2o
Response to yellow rust 56555 4 ST M M fomases " 00 M
P yeflow 205554 515 Resistant Resistant Resistant to Moderately resistant Resistant
odas U g slan 2o Rados b pglan l-do G o glas
Response to leaf rust 1o 565 ¢S5 4 ST frassn e £ fresn e > M
P Sl S S Resistant to Moderately resistant Resistant Resistant to Moderately resistant ~ Resistant to Moderately susceptible
(W ldo 5 o gl Rados b pglan L
R to st t e S5 e ST < STt frestest e <
esponse fo siem rus e N5 4 S Susceptible Resistant to Moderately susceptible Resistant to Moderately resistant Susceptible
i (iodas (P Lo
R to fusarium head blight L poslipa 25T %4 poliede pslioded o
esponse to fusarium head bligh e pnlis 4 Resistant Moderately resistant Moderately resistant Susceptible
Baking qualit errs L O A o s G
& quattty =P Good Very good Very good Very good

ol (Jf}d)h WOlae n[)‘fﬁ) 058 dlad Csb e g (st v.;ﬁl ali:..,.:\)l.q% bmi.vl:n Sledb| -
-The information is averaged over four stations of Northern Warm and Humid Agro-climatic Zone (Gorgan, Moghan, Sari and Gonbad) in Iran.
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Table 4. Soil physical and chemical properties of Gorgan agricultural research station

Sl
Property S s Value
Depth (cm) (rosils) Ges 0-30
Saturation (%) plil doys 43.6
EC (dS/m) (o e (o3) (S0 S Calda 1.1
pH i 7.7
Organic carbon (%) ST oS de)s 1.30
Total N (%) S 058 8 Aoy 0.13
Available phosphorus (ppm) (O 5o 55 Coamd) S b5 ,aud 13.7
Available potassium (ppm) (O 5o 55 Cand) e b ety 296.0
Clay (%) oy o3 20
Silt (%) &Yt 66
Sand (%) aule Lo ys 14

Soil texture

S sl Silt-loam ) -l

Sl b sls 1 mbesT oysn Jsb 5o
O o sl ,b Aile (65558 Jorl e
Ear (YY) oS 5013) (e (V) S 5015)
(Y S B o b
oS 3315) i 5 5 gl ((FV WS 5515 T
Sy 5 (B S 5315) p S (00
s 8 bl (A ST515) 605 50
ol 1 ol G i e A b g Sl
2 OLalE Slus 00 S Sl b Sy, sldes
A3 sy el iis s ade e 0T n 0,
o o 3 il Kol doysdsas §
ey S eslinal U oS5 58 S s
.(Fischer and Stapper, 1987) A& acwl>es

005l 35S GLSa 430 8 oS Ve py sl
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Photoperiod = 1 - 0.004x (20 - day length)?

Ay 59y = A3 f e daloee sl
(s esliz_ul GDD a s,

GDD =) (Tmin+Tmax)/2-Thpase

3 o p S (ol al glas S
3Kl a3 YO wluT glas ST~
(Bauer et al., 1984; aiaf Lo
Andarzian et al., 2015)

o5 0033 dsb Jolime 51 (o) ) 5B 4
# smamen o a1 glas slad 1
¢ ez 5 PTU) (6 5 g lss slad=
L oslitul (HTU) lsT- ,les glads s
Slel—w ;5GDD o bl PTU S
o bl HTU 5 Gy dsb) o sdll LT
Asl e only oLT Slelw ,5GDD
.(Ahmad, 2017)

PTU (°Cd hours) = }(GDD x Day length)

b S o3l p 8 a6 Sds | Jlasms

o oy el = oy slaasLs
U dDL) 535 s g yums Jol2 05955
b, 59y — a—=ry3 ¢ —aza «(PPD) 5,
S5 les Sladsls g soms (GDD)
BT gles st 15 § soea (PTU)
5 a3 Sty ¢ ez (HTU)
(HUE) Lss (5 2 1,LS (HYTU)
(HTUE) LT JLes O ,ae ol,LS
5 (PTUE) (g5 5 oles (3 ae o1,LS
HYTUE) &by olas Co ynae 1 ,LS
(Ahmad, 2017) L4é awnlow

lmosts 3l esliul Ly 5y J s amulons
L O0d G k> o 515y d b s b e
b ol 5 e b b Sl A IS LT
(Aslam et al., 2017)

HTU (°Cd hours) = Y (GDD x Number of actual sunny hours)

AT s g s gby 5 Kke 45 GDD
.(Ahmad, 2017)

L&j_ia)—&\_a.ﬁ LSL““\—") C"_Q}r.&

HYTU (°Cd percent) = ), (GDD X Average %RH)

SIHYTUE) (v s—b - glss O e
ooy § yame s ails 3 Shos ool
J—ol abgp el b e L

.(Ahmad, 2017) .&

&\)\S G(PTUE) LS)}‘;_L_S’.L‘J g_}f.dd &\)K
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HUE (kg ha™! °Cd™") = Grain yield / Accumulated heat units

PTUE (kg ha™! °Cd') = Grain yield / Accumulated PTU

HTUE (kg ha'! °Cd") = Grain yield / Accumulated HTU

HYTUE (kg ha™! °Cd ') = Grain yield / Accumulated HYTU

tﬁmgc@ﬂgéuws@uﬁ
o093 dsb Bus b S 5 les (s 5 05y
(Kalateh-Arabi et al., <—ulals oai
4S5,y 5ky 2012; Andarzian et al., 2015)
9 Sl Bl als Ods o 093 Jsb )
ol 5 i a5 L s (oKL
i o esb) Bo5 (5w 55 L I
V Jyd=) c,_'el{w'ul.{g,_zK'@)\: 5
Gl ol Ol b sb dlo e Jsb el
el 6 S5 Jalge 3l 35 o Bn 3 slacsls’
s i slis JialST L LUl jo as
L« Slafer et al., 2001) coul ok 1 &
A i) 55l Cillae Shagl ol s
(e 3 See (655 i SIYL slabes
335, Shos glial 5 5 g als s, Shas
¢S54 gm 5 Shes (Farooq et al., 2011)
320 A by 0,55 Jsb L penits LU
dnr 5 93 WSS Joale o pregs Loz )
el ddy Jad J b s 0lalS s
Ol Jd5 en o (Liu et al., 2016)
Sl Sl s 4 S s 3 Slas
5 ote Soen 5 (8 Jgdr) il als”
0335 Jsb 5 s 3 e iy (6513 e
(A ) L odaline C.x:f N3

Nl i 3 eslinal Ly Lnesls 4 s
(SAS Institute, Cary, SAS 9.3 LT
Slestial Ly L, Kke 4uslie s NC, 2011)
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Table 5. Combined analysis of variance for grain yield, yield components and plant height in bread wheat cultivars in different sowing

dates in two cropping seasons (2017-19)

WA Ul o) ojled OFF Al " 0 § g dloee”

33T 4o 3 Sk G e 3 kil 5 ails sl als,lpa 05 ls 5 Slas e J b oS gLl
S.0.V. S pie df Biological yield ~ Spike m? Grain spike-! 1000 Grain weight  Grain yield Spike length ~ Plant height
Year (Y) Jle 1 147582747.2" 688.9 364.87 1368.9% 371236.6 85.56™ 3607.2%
Errorl Vgl 6 18502545.4 381.6 53.7 14.1 258074.0 0.63 20.5
Sowing Date (SD) Cals b 4 79382125.0™ 37736.4%* 29.0 17.8¢ 15865039.3* 5.30* 493.1*
Y x SD S eyl x Jl 4 16474148.6™ 14505.0% 379 30.7+ 742312.1¢ 091+ 182.0%
Error 2 Y lbs 24 3271568.5 588.1 332 52 184187.4 0.29 14.6
Cultivar (C) o 3 4801711.9 9943.6°* 16424+ 547.5° 5114815.6% 29.88* 431.1%
SDxC 3% iS5 12 2989712.5 762.3 534 16.37* 122956.7 0.56 9.1
Y xC % dl 3 28358120.8™ 2504.5 70.1 50.9+* 593408.9 5.27% 7.7
Y xSDxC o5y x Sl sl x Jl 12 1415979.3 798.9 54.1 8.2 36826.9 0.32 244+
Error 3 ¥ osls 90 2809705.0 672.3 30.9 5.9 256339.5 0.43 12.3
C.V. (%) S ok s b Ay 114 7.6 14.5 5.6 9.8 6.8 3.6

* and **: Significant at the 5% and 1% probability levels, respectively. Ao 53 685 gy el a3 5l gan o s TFF S
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Table 6. Mean comparison of effect of cropping season, sowing date and cultivar on grain yield, yield components and plant

height of four bread wheat cultivars

R wla)lpm 0js @l 5 Shas i J5b oS gl
GESr s 0 55h8) b sl %9) GBS 53 ¢ 5 A8 (assile) (ails)
Biological yield EPE Al 3 s sl 1000-Grain weight Grain yield Spike length Plant height
(kg ha') Spike m™ Grain spike’! (g) (kg ha'") (cm) (cm)
Cropping season s b
2017-2018 13789.6b 345.40a 36.91b 46.03a 5203.41a 8.89b 93.04b
2018-2019 15710.4a 341.25a 39.93a 40.18b 5107.08a 10.36a 102.54a
Sowing date Cls Rl
SD1 (01 November) 16408.5a 376.063a 38.00a 43.84a 4586.2¢ 10.22a 103.00a
SD2 (16 November) 16051ab 336.78c 37.31a 43.31ab 5164.1b 9.73b 100.49a
SD3 (01 December) 14792.8bc 361.75ab 39.75a 43.71a 6157.9a 9.58b 96.81b
SD4 (16 December) 13945.5¢ 354.68b 38.99a 42.25b 5461.3b 9.49b 95.33bc
SD5 (31 December) 12552.2d 287.34d 38.06a 42.37b 4406.7¢ 9.10c 93.30c
Cultivar )
Ehsan Olue| 14247.7a 336.23b 34.42b 47.35a 4888.7b 10.78a 100.62a
Tirgan R 14999.2a 361.00a 31.52b 45.02b 5356.5a 9.75b 96.24b
Meraj gl 14959.4a 325.25b 44.24a 39.67¢c 4820.5b 8.79d 100.40a
Kalateh SIS 14793.7a 350.83a 43.50a 40.35¢ 5555.3a 9.19¢ 93.90c

A Sl e 3l oy gty Sl o 33 (55 0n3T ol Ly bl gn 857 20 O G il 61l oS« ele sl 5 Dt p 3 6 gl SOl
Means, in each column and for each factor, followed by at least one letter in common are not significantly different at the 5% probability level-using Tukey test.
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Table 7. Temperature and relative humidity conditions during grain filling period in different sowing dates of bread wheat cultivars

Lo e Jilis o Kle Losao s STs o S0ls s s o Sla oo Sasby Jlas Sl o osby S, Kils o Sasby Sl

(51, 8s5L) (51, 8s5L) (51, &l o ) )

Mean minimum Mean maximum  Mean temperature Mean minimum relative ~ Mean maximum relative Mean relative
temperature (°C) temperature (°C) (°C) humidity (%) humidity (%) humidity (%)

3. Sowing date Cals Syl

P SD1 (01 November) 9.49¢ 20.32¢ 1491e 62.27a 96.37a 79.32a

2 SD2 (16 November) 11.15d 23.04d 17.09d 56.54b 95.2b 75.87b

3‘ SD3 (01 December) 12..00c 24.75¢ 18.38¢ 52.28¢ 94.25¢ 73.26¢

_‘Ai SD4 (16 December) 13.13b 26.81b 19.98b 47.46d 92.81d 70.13d

2 SDS5 (31 December) 14.67a 28.87a 21.77a 4541e 92.06e 68.74¢

4 Cultivar 5

,? Ehsan Ol 12.68a 25.67a 19.18a 51.18d 93.67d 72.43d

3 Tirgan Ricg 11.95¢ 24.57¢ 18.26¢ 53.01b 94.24b 73.62b

g Meraj i 12.13b 24.88b 18.50b 52.56¢ 94.07¢ 7331c

Kalateh S 11.60d 23.92d 17.76d 54.42a 94.58a 74.50a

I s gme Do gli5 70 JL;::—lch.u): S5 05051 plal ydzmes oS 2t JF&L}E\,& ShylsaS ¢ Jale a gl 5 05w s L&Lﬁs;ﬁiﬂ:ﬁ
Means, in each column and for each factor, followed by at least one letter in common are not significantly different at the 5% probability level-using Tukey test.
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Table 8. Mean comparison of the required time (day) to reach the phenological stages and grain filling period in different

sowing dates of bread wheat cultivars

O o e Bleous 5k =l e 5 54 o S5 S e ls 045 5 05
Emergence  Tillering Stem elongation Booting Heading Anthesis  Physiological maturity ~ Grain filling period
(1D)* 21 (31 (37) (55) (65) (90) (65-90)
Sowing date S 6
SD1 (01 November) 16.41c 38.25a 3021a 102.62a 132.09a 140.182 182.40a 4221a
SD2 (16 November) 15.94d 35.65b 77.15b 100.25b 130.21b 137.81b 179.47b 41.65a
SD3 (01 December) 16.63bc 33.12¢ 70.75¢ 89.28c 121.09¢ 128.37¢ 170.75¢ 42.37a
SD4(16 December) 17.16a 29.84d 64.87d 83.21d 116.81d 122.34d 161.25d 38.90b
SD5(31 December) 16.91ab 27.90e 59.12¢ 74.25¢ 109.06e 114.56¢ 147.94e 33.37c
Cultivar o
Ehsan Ol 17.50a 35.2a 73.02a 92.77a 124.65a 132.07a 171.65a 39.57a
Tirgan o5 16.38b 32.8b 70.20c 89.62¢ 121.22¢ 127.85¢ 167.67¢ 39.82a
Meraj falen 16.70b 33.1b 71.02b 90.55b 122.17b 128.97b 168.72b 39.75a
Kalateh Sl 15.85¢ 30.7¢ 67.45d 86.75d 119.37d 125.72d 165.40d 39.68a

Il gae gl 7D Jublcb.uﬁ S5 Q‘,a)‘TwLle:M;‘f):_‘:.» deiiJélb Shyls &S Jole a6l 5 05w 5o c‘j_\.ad._i?L_.p
Means, in each column and for each factor, followed by at least one letter in commom are not significant different at the 5% probability level-using Tukey test.

*Zadoks growth scale. oS 9ol iy elae *
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Table 9. Correlation coefficients between agro-climatic indices and some agronomic traits at anthesis (above diameter) and

during grain filling period (below diameter).

A4 Il o) o jles FF A" 5 9 g Alowe”

e

Trait GY BY PLH LODG PPD DHE DMA GFP DL GDD PTU HTU HYTU HUE PTUE HTUE HYTUE
GY 1 0.11 0.06 -0.08 -0.09 -0.03 0.10 0.48* -0.14 -0.28 -0.59* -0.51%* -0.21 0.94%%  0.98**  0.93*F  (.94%**
BY 0.11 1 0.50* 0.38 0.77%* 0.87%* 0.89%**%  (.84%* 0.76**  0.77**  0.34 0.64* 0.78%* -0.18 0.01 -0.20 -0.19
PLH 0.06 0.50* 1 0.83%* 0.51%* 0.56* 0.57*  0.52% 0.53* 0.91**  0.34 0.43 0.54* -0.12 -0.01 -0.12 -0.14
LOG -0.08 0.38 0.83** 1 0.44 0.48* 0.46*  0.34 0.45% 0.48* 0.32 0.44 0.47* -0.21 -0.12 -0.21 -0.23
PPD -0.09 0.77*%  0.51* 0.44 1 0.97%* 0.94%% (.74%* 0.99**  0.95%  0.77%*  0.84**  0.97** -0.41 -0.25 -0.41 -0.42
DHE -0.03 0.87**  0.56* 0.48* 0.97%* 1 0.99%**  0.83%* 0.97**  0.96**  0.66* 0.84%*  (.98** -0.37 -0.18 -0.37 -0.37
DMA 0.10 0.89**  0.57* 0.46* 0.94%* 0.99%* 1 0.90%* 0.94*%  0.91**  0.56* 0.75%%  0.94%* -0.24 -0.04 -0.24 -0.24
GFP 0.48* 0.84%%  (.52% 0.34 0.74%* 0.837%* 0.90** 1 0.73**  0.66* 0.21 0.42 0.71%* 0.17 0.35 0.17 0.16
DL 0.62* 0.71%% 045 0.24 0.66* 0.70%* 0.80**  0.96** 1 0.97**  0.80**  0.87*F  0.99%* -0.46 -0.30 -0.46 -0.47*
GDD 0.52* -0.45%  -0.2 -0.34 -0.26 -0.40 -0.33 -0.08 0.2 1 0.82%*  0.94%*  (.99** -0.59* -0.43 -0.59* -0.59*
PTU 0.43 -0.57*  -0.28 -0.39 -0.38 -0.53* -0.47*%  -0.24 0.03 0.99%* 1 0.86**  0.80** -0.79%%  -0.73%*  -0.78*%*  -0.79%*
HTU 0.18 -0.77%*  -0.41 -0.46* -0.60%* -0.75%* -0.72%%  -0.54% -0.3 0.86%*  0.93** 1 0.91%* -0.76%*  -0.62* -0.78**%  -0.76**
HYTU 0.72%* 0.17 0.17 -0.03 0.30 0.23 0.33 0.57* 0.77*%  0.76**  0.65**  0.33 1 -0.53* -0.36 -0.53* -0.53*
HUE 0.79%* 0.41 0.19 0.13 0.03 0.20 0.31 0.58* 0.55* -0.11 -0.19 -0.37 0.28 1 0.98**  0.99**  0.99
PTUE 0.68* 0.55% 0.27 0.21 0.18 0.36 0.45*  0.66* 0.59* -0.27 -0.37 -0.55* 0.20 0.98** 1 0.97*%  0.98%*
HTUE 0.36 0.75%% 0.40 0.34 0.45% 0.64* 0.69%**  0.75%* 0.59* -0.54* -0.65* -0.83**  0.05 0.80**  0.90** 1 0.99**
HYTUE  0.91%* 0.02 -0.05 -0.12 -0.32 -0.21 -0.09 0.27 0.36 0.27 0.22 0.09 0.38 0.88**  0.77** 043 1

o y3 & gy il o 53 s ae o i FF
a5 (GDD) i j5,- a5 «(DL) 35, Job «GFP) ls 03, Job ¢«DMA) S, b 55, «DHE) a3dlzw b 55, «PPD) (5,5 wsls «LODG) Sl «PLH) w ¢, «BY) 5950 3 Sas (GY) wils 5 Shee
S e 2SS PTUE) o) 55~ glas B oz 2L «(HTUE) 1= les O mn obLS (HUE) Los G an LS (HYTU) (5L - glas ooty ¢ saze (HTU) olsT- oLos slaasls (PTU) (o) 55 Lo

HYTUE) by ols
* and **: Significant at the 5% and 1% probability levels, respectively.
GY: Grain yield; BY: Biological yield; PLH: Plant height; LODG: Lodging; PPD: Photoperiod; DHE: Days to heading; DMA: Days to maturity; GFP: Grain filling period; DL: Day
length; GDD: Growing degree days; PTU: Photo-thermal unit; HTU: Helio-thermal unit; HYTU: Hydro-thermal unit; HUE: Heat use efficiency; PTUE: Photo-thermal use efficiency;
HTUE: Helio-thermal use efficiency; HY TUE: Hydro-thermal use efficiency.
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Table 10. Mean of climatic parameters during two years of this experiment with long-

term average in March21-April 20 and April 21-May 21

(o 33) (ale3T ol Kol
Average of this experiment

(LT Sode il Kl
Long-term average

(2 years) (34 years)
RESIE gy RESTE Sl
Parameter A% Mar21-Apr20  Apr21-May2l  Mar21-Apr20  Apr21- May21
(IR s a3 oo L 09.8 14.0 08.8 13.8
Mean minimum temperature (°C) ' ' ' ’
(L) s s S ke 203 27.0 19.7 25.0
Average maximum temperature (°C) ' ’ ’ ’
AR L s e 15.1 20.5 14.2 19.4
Mean temperature (°C) ’ ’ ’ ’
(1) oo gy Pt Kon
N i S Jili 63.8 46.5 57.3 529
Mean minimum relative humidity (%)
() g sy S 5 Kl
_ et g 75 o 94.8 86.9 91.1 89.5
Mean maximum relative humidity (%)
1) g St sy S0 Le
, . ( ) s 79.3 66.7 74.2 712
Mean relative humidity (%)
Precipitation (mm) (k) St 55.1 37.4 50.6 433
Evaporation (mm) (rack) s 71.0 132.7 85.1 124.6

A3l o VP Il 53 0T s 5y 31 OB 5 ila il g oK) 4y by o SUeSLIF
*Information is for Hashemabad Meteorological station since its inception in 1984.

el el G Sl we3,5
.(Reynolds et al., 2012)
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Al Sry Sop S
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(Salazar-Gutierrez et al., 2013;

Andarzian et al., 2015; Aslam et al.,
Oluis s 45 Sles 28 ol 1 2017)
S lacsls oS 3 Les 4 s
P 3 i Jol e d b S el o
(L5 (Sharifi 2016) cul ULl |15
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Table 11. Mean comparison of the agro-climatic indices at phenological stages and grain filling period in different sowing dates of bread wheat cultivars

A vy JERRYTI T ey AAE [ESTITOA EIEEN
Index ol Emergence (11) * Tillering (21) Stem elongation (31) Booting (37) Heading (55) Anthesis (65) Physiological maturity (90) Grain filling period (65-90)
_ Sowing date Sl A
SD1 (01 November) 170.56a 386.75a 795.52a 1027.60a 1359.81a 1286.46b 2004.68b 547.66¢
SD2 (16 November) 159.15¢ 350.32b 760.94b 1009.71b 1362.36a 1298.21a 2017.22a 559.86b
SD3 (01 December) 161.51¢ 320.84c 701.52¢ 905.11¢ 1285.91b 1217.13¢ 1955.53¢ 576.89a
SD4 (16 December) 165.65b 290.04d 655.18d 863.01d 1277.03¢ 1183.94d 1888.50d 538.90d
(cel) 5,dsb SD5 (31 December) 165.89b 277.04¢ 613.79¢ 789.40¢ 1228.39d 1136.04¢ 1768.16e 466.23¢
_ Cultivar o
DL (h) Ehsan oot 173.33a 347.18a 73334 951420 1337.97a 1259.65a 1973352 54037a
Tirgan o 5 162.28¢ 323.41c 702.90¢ 915.48¢ 1294.73¢ 1216.20c 1917.58¢c 539.10a
Meraj gl 165.46b 326.45b 711.82b 926.06b 1306.62b 1227.40b 1931.73b 538.86a
Kalateh oy 157.14d 302.95d 673.50d 882.91d 1271.47d 1194.17d 1884.61d 533.31a
_ Sowing date Csl A
SD1 (01 November) 245.88a 500.66a 881.35a 1074.55a 1380.75a 1479.06a 2109.36b 630.30c
SD2 (16 November) 196.75b 397.74b 757.03b 958.34b 1324.56b 1433.83b 2149.39a 715.57b
SD3 (01 December) 167.30¢ 326.91c 643.84c 809.97¢ 1221.03¢ 1329.40c 2105.24b 775.84a
SD4 (16 December) 162.87d 260.80d 569.50d 762.36d 1220.80c 1307.93d 2081.55¢ 773.62a
(°Cd)a, 555~ @5 SD5 (31 December) 133.89¢ 226.48¢ 522.40¢ 691.95¢ 1184.89d 1268.26¢ 1981.15d 712.89b
o _ Cultivar Je])
GDD (*Cd) Ehsan oot 190.46a 362.86a 699.93a 889.65a  1307.20a 1411.61a 216078 749.16a
Tirgan o 5 179.21¢ 340.66b 672.27¢c 855.64c 1257.48¢ 1352.52¢ 2070.53¢ 718.01b
Meraj faled 182.45b 343.12b 680.72b 866.30b 1270.86b 1368.09b 2092.79b 724.69b
Kalateh oy 173.69d 323.43¢ 646.37d 826.15d 1230.09d 1322.53d 2017.25d 694.72¢
_ Sowing date il Al
SD1 (01 November) 2557.70a 5083.7a 8789.68a 10791.03a 14259.53a 15440.49a 23632.72¢ 8192.24d
SD2 (16 November) 1967.68b 3916.9b 7470.26b 9639.99b 13962.13b 15328.83b 24984.07¢ 9655.25¢
SD3 (01 December) 1630.98¢ 3166.9¢ 6376.16¢ 8203.79¢ 13135.85d 14516.36d 25141.69b 10625.33a
S5 gl Gladsly SD4 (16 December) 1572.41d 2532.4d 5752.00d 7946.92d 13613.89¢ 14756.49¢ 25526.76a 10770.27a
SD5 (31 December) 1313.57¢ 2247.2¢ 5449.47¢ 7424.07¢ 13650.03¢ 14766.62¢ 24760.11d 9993.50b
(sl 55542 53) _ Cultivar o3
PTU (°Cd hours) Ehsan Ol 1897.35a 3589.88a 7039.51a 9147.32a 14240.80a 15581.22a 25882.45a 10301.23a
i Tirgan o 5 1786.44c 3370.68b 6738.90¢c 8756.66¢ 13610.79¢ 14817.62¢ 24598.58¢ 9780.95b
Meraj falad 1818.18b 3395.52b 6830.77b 8879.56b 13778.88b 15016.93b 24913.95b 9897.02b
Kalatch oty 1731.90d 3201.72¢ 6460.88d 8421.11d 13266.67d 14431.25d 23841.31d 9410.05¢
_ Sowing date il Rl
SD1 (01 November) 1230.44a 2415.30a 4177.60a 5073.25a 6413.61a 6882.34a 10154.14¢ 3271.80e
SD2 (16 November) 1074.76b 1961.45b 3555.71b 4295.04b 6112.52b 6621.67b 10848.56d 4226.89d
SD3 (01 December) 743.01c 1290.17¢ 2819.87¢ 3389.06c 5449.34c¢ 5887.52d 10939.21¢c 5051.69¢
ST bs slasl;  SD4 (16 December) 610.52d 1066.14d 2376.35d 3175.58d 5485.14c 5899.41d 11558.94a 5659.53a
SD5 (31 December) 601.43d 1072.78d 2205.67¢ 3066.62¢ 5386.24d 5981.62¢ 11352.23b 5370.61b
(el 55, 42 53) . Cultivar o
HTU (°Cd hours) Ehsan Ol 892.50a 1666.15a 3142.65a 3939.07a 5984.09a 6484.45a 11566.32a 5081.87a
Tirgan o 5 843.41b 1548.01b 3016.32¢ 3772.99¢ 5722.61c¢ 6189.17¢ 10863.68¢c 4674.52¢
Meraj falad 852.93b 1559.29b 3058.89b 3837.04b 5796.4b 6282.34b 11041.28b 4758.94b
Kalateh Y 819.28¢ 1471.21c 2890.30d 3650.56d 5574.39d 6062.09d 10411.18d 4349.09d

ALl fre Dol M):@J\ab‘éﬁu): S5 orouﬂhlﬂMS}:mqf&Jﬂb Shols &S ole a sl 5 O A 5o ‘&\A‘;Ei\:ﬂ
Means, in each column and for each factor, followed by at least one letter in commom are not significant different at the 5% probability level-using Tukey test.

* Zadoks growth scale. S ealy kel x
DL: Day length, GDD: Grpwomg degree days, PTU: Photo-thermal unit, HTU: Helio-thermal unit.
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O e A Sle 045 b = ki 5 b o S8 S Gl Ol 5 o)
Index s Emergence (11)x  Tillering (21) Stem elongation (31) Booting (37) Heading (55) Anthesis (65) Physiological maturity (90) Grain filling period (65-90)
Sowing date [
SD1 (01 November) 18798.10a 38751.8a 69647.20a 85152.7a 109282.7a 116966.2a 166343.8b 49377.5¢
SD2 (16 November) 14860.30b 31342.7b 60429.70b 77130.7b 105254.2b 114195.9b 167432.8a 53236.9b
SD3 (01 December) 13777.10¢ 26958.8¢ 52409.80c 66259.3¢ 98116.7¢ 107179.1¢ 163046.0c 55867.0a
b ales sladss SD4 (16 December) 13422.20d 21553.5d 46539.30d 61768.0d 98030.1¢c 104945.6d 158241.0d 53295.3b
’ : SD5 (31 December) 11191.20d 18316.4e 42575.40e 55575.1e 95014.2d 101030.8¢ 149326.3¢ 48295.5d
(A3 55, 4 )3) Cultivar o
HYTU (°Cd percent) Ehsan Olas| 15135.5a 29021.4a 56309.3a 71583.9a 104350.1a 112601.4a 165837.3a 53235.9a
Tirgan o s 14227.2¢ 27254.1b 54106.6¢ 68885.8¢ 100421.1¢c 108026.9¢ 159886.6¢ 51859.6b
Meraj - 14497.4b 27447.8b 54779.2b 69702.8b 101475.6b 109218.4b 161351.7b 52133.3b
Kalateh iy 13779.0d 25815.3¢ 52086.1d 66536.2d 98311.6d 105607.3d 156436.3d 50829.0c
Sowing date CslS Al
SD1 (01 November) 18.88¢ 9.20e 5.21d 4.27e 3.3d5 3.10d 2.17d 7.34b
SD2 (16 November) 26.44b 13.04d 6.83¢c 5.39d 3.90¢ 3.60c 2.40¢ 7.23b
SD3 (01 December) 36.96a 18.89¢ 9.59a 7.63a 5.07a 4.66a 2.93a 7.96a
Los O3 e 1) SD4 (16 December) 36.07a 21.65a 9.71a c 71.28b 4.48b 4.18b 2.62b 7.11b
_ ultivar o5 _
Gy ars 2 8 52 0 5 AS) SD5(31 December) 36.90a 20.14b 8.64b 6.46¢ 3.74¢ 3.49¢ 2.22d 6.35¢
HUE (kg ha! °Cd ) Ehsan Ole! 27.72¢ 14.78c 7.29¢ 5.66¢ 3.76¢ 3.48¢c 2.26¢ 6.55¢
Tirgan o€ 5 32.60b 17.30b 8.32b 6.45b 4.28b 3.98b 2.58b 7.51b
Meraj falas 28.52¢ 15.36¢ 7.37¢ 5.73¢ 3.81c 3.54¢ 2.30c 6.69¢
Kalateh oty 35.37a 18.88a 9.0la 6.98a 4.55a 4.22a 2.75a 8.03a
Sowing date [
SD1 (01 November) 1.81c 0.90d 0.52d 0.42¢ 0.32d 0.29d 0.19¢ 0.56a
SD2 (16 November) 2.64b 1.32¢ 0.69¢ 0.53d 0.37¢ 0.33¢ 0.20b 0.53b
SD3 (01 December) 3.80a 1.95b 0.96a 0.75a 0.47a 0.42a 0.25a 0.58a
G ales O pan o, SD4 (16 December) 3.74a 2.23a 0.96a 0.70b 0.40b 0.37b 0.21b 0.51c
: ~ SD5 (31 December) 3.77a 2.03b 0.83b 0.60c 0.32d 0.30d 0.17d 0.45d
G sz 8o 530 8518 Cultivar s
PTUE (kg ha'! °Cd ") Ehsan Ol 2.82¢ 1.50c 0.72¢ 0.54¢ 0.34c 0.31c 0.18¢c 0.48¢c
Tirgan o s 3.31b 1.76b 0.82b 0.62b 0.39b 0.36b 0.21b 0.55b
Meraj [ 2.90¢ 1.56¢ 0.73¢ 0.55¢ 0.35¢ 0.32¢ 0.19¢ 0.49¢
Kalateh oy 3.59a 1.92a 0.90a 0.68a 0.42a 0.39a 0.23a 0.59a
Sowing date sl s,k R
SD1 (01 November) 3.76e 1.93¢ 1.10e 0.90e 0.71d 0.67d 0.45¢ 1.43a
SD2 (16 November) 4.96d 2.65d 1.45d 1.20d 0.84¢ 0.78¢ 0.47b 1.23b
SD3 (01 December) 8.38b 4.79b 2.19b 1.85a 1.16a 1.07a 0.57a 1.24b
BT s O e IS SD4 (16 December) 9.63a 5.32a 2.30a 1.72b 1.01b 0.93b 0.47b 0.97¢
' ) ~ SD5 (31 December) 7.90c 4.18¢c 2.01c 1.44¢ 0.84¢ 0.77¢ 0.39d 0.83d
G sz 8o 530 8518 Cultivar o
HTUE (kg ha! °Cd ) Ehsan Ole! 6.27¢c 3.31c 1.65¢ 1.29¢ 0.83¢c 0.77¢ 0.42¢ 0.99d
Tirgan o€ 5 7.26b 3.95b 1.88b 1.49b 0.95b 0.88b 0.49b 1.20b
Meraj failed 6.37¢c 3.47¢c 1.67¢c 1.31¢c 0.85¢ 0.79¢ 0.44c 1.05¢
Kalateh &S 7.86a 4.36a 2.05a 1.60a 1.02a 0.94a 0.54a 1.34a

Igh.ﬂ,: 5 03051 el dn &S 2t O > oS5 Jilds cl)s oS Jule a6l 5 O st 5o (b Sle
Means, in each column and for each factor, followed by at least one letter in commom are not significant dlfferent at the 5 % probablhf? level ukey fest. s & <

* Zadoks growth scale.
HYTU: Hydro-thermal unit, HUE: Heat use efficiency, PTUE: Photo-thermal use efficiency, HTUE: Helio-thermal use efficieney.
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O S Slooas b ] dieosb a8 S35 s Wl 04 3055
Emergence Tillering  Stem elongation Booting Heading  Anthesis  Physiological maturity ~ Grain filling period
Index el (11)* (21) 31 (37) (55) (65) (90) (65-90)
Sowing date ClS S b
SD1 (01 November) 0.248c 0.118¢ 0.065d 0.053d 0.042a 0.039d 0.027d 0.093¢
SD2 (16 November) 0.349b 0.165d 0.085¢ 0.067¢c 0.049¢ 0.045¢ 0.030c 0.097¢
SD3 (01 December) 0.450a 0.229¢ 0.117a 0.093a 0.063a 0.057a 0.037a 0.110a
s » SD4 (16 December) 0.437a 0.261a 0.119a 0.089a 0.055b 0.052b 0.034b 0.102b
STl e <" 8D5 (31 December) 0.443a 0.250b 0.106b 0.080b 0.046d  0.043c 0.029¢ 0.093¢
Gy s ,tSa 0 5 AS) : :
Cultivar i)
HYTUE (kg ha! °cd ")
Ehsan Sl 0.344c 0.183¢c 0.090c 0.070c 0.047¢ 0.043¢c 0.029¢ 0.091c
Tirgan Ricg 0.405b 0.213b 0.103b 0.080b 0.053b 0.049b 0.033b 0.103b
Meraj gl 0.354c 0.190c 0.091¢c 0.071c 0.047¢ 0.044c 0.029¢ 0.092¢
Kalateh iy 0.439a 0.23a 0.111a 0.086a 0.056a 0.052a 0.035a 0.109a

I Hls gae gl M)bcgd&b\cb_ﬂ):u’f}i Q}aijLwlﬁ..\;:”c:SJ;LAJF&JEL.&L;bl:af;JwLp,a‘;lﬂ)(J‘,:.ﬂJa): ;&Lﬁs;ﬁiﬂ.f
Means, in each column and for each factor, followed by at least one letter in commom are not significant different at the 5% probability level-using Tukey test.

* Zadoks growth scale. S 33l iy etk

HYTUEL Hydro-thermal use efficiency.
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Fig. 1. Photoperiod in different sowing dates and bread wheat cultivars
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Means, for each factor, followed by at least one letter in commom are not significanly different at the 5%

probability level-using Tukey test.

SD1(01November), SD2 (16November), SD3 (01 December), SD4 (16 December) and SD5 (31 December).
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