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Table 1. Meteorological information of Gorgan agricultural research station (2020-2022)

335 dsb g sazee b ST Dol ¢ gazes s sk b ks s S
Total day length (hr)  Precipitation (mm)  Total sunny hours (hr) RH (%) Mean temp. (°C) Maximum temp. (°C)

48,0y 49— oy 98-+ ey e I L ey 44—+ cemy
Month obe 20-21;21-22 20-21 21-22 20-21 21-22 20-21 21-22 20-21  21-22 20-21 21-22
Oct. 23-Nov. 21 R} 3144 244 41.7 174.5 176.8 71 71 15.9 12.5 224 18.2
Nov. 22-Dec. 21 55T 293.0 37.2 18.6 925 173.7 81 72 8.1 12.0 12.7 18.9
Dec. 22-Jan. 20 ©3 293.3 21.9 61.0 154.5 161.3 74 72 7.2 8.8 13.6 15.2
Jan. 21-Feb. 19 Koo 315.2 25.0 101.2 165.0 193.3 874 73 9.4 8.1 16.2 14.6
Feb. 20-Mar. 20 Al 335.8 72.3 59.2 149.5 117.0 72 80 8.4 11.8 14.6 16.9
Mar. 21-Apr. 20 3,5, 395.3 16.8 240 187.5 154.9 71 76 16.3 14.4 23.6 20.9
Apr. 21-May 21 s 429.3 13.8 42.6 209.2 139.9 70 76 21.3 18.9 28.1 24.1
May 22-Jun. 21 sls & 451.2 9.4 1.2 247.4 323.3 66 61 27.1 25.7 34.3 33.8
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Table 2. Pedigree of wheat genotypes used in the experiment

Wheat genotypes  »u8 slacsy;  Year of release s xs Jlo Pedigree o~z

Araz ST 2021 Y44 VOROBE

Arman ole,T 2021 ARL) PBW343/TONI//TROST/3/SOVA

Taktaz 5SS 2021 VFoo SAUAL/3/MILAN/S87230//BAV92

N-93-9 N-93-9 - - CHAPIO/3/BORL95/2*EXCALIBUR//EXCALIBUR
Yy
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Table 4. Physical and chemical properties of soil at the experiment site

Properties S Value i
Depth (cm) G 0-30
Ec (dS.m™) S S e 1.7
Saturation percentage Flsl Ao s 43.6
Organic matter (%) STosls 1.6
pH a2 7.5
T.N.V (%) oSaT 26
Total N (%) IS 055 0.16
Available Potassium (mg.kgl)  Cdr |6 ety 482
Available Phosphorus (mg.kgl)  Cis L6 i 9.6
Clay (%) ) 30
Silt (%) <Y 56
Sand (%) awls 14
Soil texture S sl Silty Clay Loam s vy e
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Table 4. Mean comparison of grain yield, biological yield and number of spike.m? of wheat genotypes in sowing

date treatments

4l JJ&L&P

Sowing date 5 4,6 Grain yield (kg.ha't)
Nov. 1 RUAE 5907b

Nov. 11 oLty 6235a

Nov. 21 OLT ¥ 6105ab

Dec. 1 AL 5644c

Dec. 11 AL 5085d

Dec. 21 ST 4776de

Dec. 31 G\ 4433e

e 3 S 33 A sl

Biological yield (kg.ha')  No. of Spike.m
16931a 319.5ab
16521a 343.9a
15983a 346.9a
14741b 323.4ab
13979b 289.9bc
13068bc 273.7bc
11828d 244.1c

L, gyl pre Doyl Mﬁ@d@\d&»;:é}i oijwL»\ﬁgméfj.&nd;f&\)b«fduﬁ\:ﬁo};ﬂf):
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Fig. 1. Mean comparison of grain yield for wheat genotypes in two cropping seasons (2020-2022)

Comparison between two years for each genotype has been performed separately
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Fig. 2. Mean comparison of grain yield of wheat genotypes in terminal sowing dates (Dec.11, Dec.21, Dec.31)

Each column corresponds the average grain yield of two years
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Table 5. Mean comparison for effect of days and total day length of phenological stages of wheat genotypes in sowing date treatments

Days s, Total day length (hr) 55, Jsb 5 same
LT PPLILEY ls 04
ey 5808 S dews Gl Ods iy Physiological maturity ~ Grain filling
Anthesis (Z65) Physiological maturity (Z90) Grain filling (265-Z90) Anthesis (Z65) (Z290) (265-Z90)
Year Ju
2020-2021 1¥44-1F. o 132.4b 167.4b 34.9b 1452.7a 1909.6b 456.8a
2021-2022 1F -1 F 134.0a 175.1a 41.0a 1432.6b 2021.9a 598.3a
Sowing date <3l b

Nov. 1 RUAE 149.3a 191.9a 42.5a 1564a 2133a 569a
Nov. 11 OLT Y 144.8b 186.8b 42.0a 1529b 2097b 569a
Nov. 21 oLT Y 141.6¢ 182.0c 40.3ab 1516¢ 2071c 555a
Dec. 1 55Ty 136.5d 174.9d 38.3b 1481d 2014d 533b
Dec. 11 ST 130.9¢ 166.6e 35.6¢ 1442e 1941e 499c
Dec. 21 D 120.0f 154.2f 34.1cd 1336f 1812f 477d
Dec. 31 &\ 109.5g 142.5¢ 33.0d 1232g 1693g 461e

L5 (65l e g5 gy Sl o 53 (S5 0 ga3T elal p edien 05 20 Cop o (ls &7 oo Sile D55 52 3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test

(\Y44-1F+ ) ol dle 95 s @;K@)Uéu,@)srﬁéu%}sj Gls OS5 o)9d 53 1sn o Cogby g Lo Ol —F Jgus

Table 6. Air temperature and relative humidity during grain filling period of wheat genotypes in sowing date treatments in two cropping seasons (2020-2022)

b> Jol ke b S S Lo S0l o oy Jil o Son e by S il i by oK
Sowing date .S &, Mean Min. temperature (°C)  Mean Max. temperature (°C)  Mean temperature (°C) Mean Min. RH (%) Mean Max. RH (%) Mean RH (%)
Nov. 1 LT Ve 11.7f 23.9f 17.8f 51.4a 94.8b 73.1a
Nov. 11 RARE 12.6e 24.5e 18.6e 51.2a 95.0a 73.1a
Nov. 21 oLt 13.7d 25.4d 19.6d 50.4b 95.0a 72.7b
Dec. 1 53T 14.2¢c 25.8¢ 20.0c 49.9¢ 94.8bc 72.4c
Dec. 11 TY. 14.5b 26.2b 20.3b 49.1de 94.7bc 71.9d
Dec. 21 AL 14.5b 26.1b 20.3b 49.4d 94.7cd 72.1de
Dec. 31 ©s ) 14.7a 26.5a 20.6a 48.8e 94.6d 71.7e
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Fig. 3. Correlation between the agro-climatic indices with plant traits of wheat genotypes at anthesis (left) and grain filling period (right)

Sad=ly PTU Ay a3 =39, :GDD Gasdsb DL cals Ol Jsb GFP g;.\:_,) S TS) :DMA e 2 Al sl SN i 53 als slaws GN ls BSLYIT) TKW @y tu.‘a')\ PLH 5 :Jﬂw :BL (s ;J,{L..o 'YL
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YL: Grain yield; BL: Biological yield; PLH: Plant height; TKW: 1000Kernel weight; GN: Grain number per spike; SN: Spike number per m2; 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; HYTUE: Hydro-thermal use efficiency
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Table 7. Mean comparison of number of grains per spike and plant height of wheat genotypes in interaction

effect of yearxcultivar

3 &ls slass
Al gy CL&J)\
Year Ju Wheat genotypes a8 saess;  Grain.spike!  Plant height (cm)
2020-2021 yvaa-yf..  Araz ST 37.1d 96.6b
Arman Sle,T 38.1cd 95.6bc
N-93-9 N-93-9 43.5a 91.2d
Taktaz 5SS 41.4abc 87.5d
2021-2022 yf.-\f+y  Araz ST 38.3cd 101.2a
Arman Sle,T 41.5abc 101.1a
N-93-9 N-93-9 42.0ab 99.4a
Taktaz 5SS 39.9bcd 98.1ab

L1 (5513 e g5 oty Szl el 53 (ST O g5T bl kit S e Cog e (ol 47 g la e O 2 5
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Table 8. Mean comparison of 1000 Kernel weight of wheat genotypes in interaction effect of yearxsowing datexcultivar

als i 05 als ol 05
il b oS slacs 55 1000 Kernel 3l b S Sl g5 1000 Kernel
Year Ju Sowing date Wheat genotypes weight (g) Year Ju Sowing date Wheat genotypes weight (g)
1F44-1F+ s oLT A Araz ST 40.8a-m VE o1 F RUAE Araz ST 48.01a-c
2020-2021 Nov.1 Arman SleyT 35.69-p 2021-2022 Nov.1 Arman OleyT 44 2a-f
N-93-9 N-93-9 36.1f-p N-93-9 N-93-9 38.9¢c-0
Taktaz 5SS 37.8d-p Taktaz 5SS 47.0a-d
RAAT Araz ST 40.2b-n OLT Y Araz ST 50.3a
Nov.11 Arman Sle,T 41.0a-m Nov.11 Arman O, T 40.0b-n
N-93-9 N-93-9 36.8e-p N-93-9 N-93-9 41.7a-1
Taktaz 5SS 40.2b-n Taktaz 5SS 41.0a-m
RAAS Araz ST 42.1a-k OLT ¥ Araz ST 48.4ab
Nov.21 Arman ale,T 38.0d-p Nov.21 Arman aleyT 36.5e-p
N-93-9 N-93-9 33.7k-p N-93-9 N-93-9 40.7a-n
Taktaz 5SS 34.9i-p Taktaz 5SS 42.6a-k
53T Araz ST 34.9j-p 53T Araz ST 43.1a-j
Dec.1 Arman OleyT 33.8k-p Dec.1 Arman OleyT 40.8a-m
N-93-9 N-93-9 39.5¢c-n N-93-9 N-93-9 35.3h-p
Taktaz 5ES 44.1a-g Taktaz 5uS 39.3c-n
AL Araz ST 47 .6a-d AL Araz ST 39.9¢-n
Dec.11 Arman obe,T 33.6k-p Dec.11 Arman obe,T 37.2e-p
N-93-9 N-93-9 36.6e-p N-93-9 N-93-9 33.51-p
Taktaz 5ES 39.2¢c-n Taktaz 5uS 40.6a-n
AL Araz ST 44.0a-h 53T ¥ Araz ST 39.1c-0
Dec.21 Arman obe,T 32.3m-p Dec.21 Arman obe,T 37.4e-p
N-93-9 N-93-9 35.7f-p N-93-9 N-93-9 37.5e-p
Taktaz 5ES 40.4b-n Taktaz 5uS 38.5¢c-0
AL Araz ST 43.5a-i AL Araz ST 45.2a-e
Dec.31 Arman obe,T 29.5p Dec.31 Arman obeyT 38.5d-p
N-93-9 N-93-9 30.60p N-93-9 N-93-9 32.3n-p
Taktaz 5ES 35.1i-p Taktaz 5ES 42.0a-1

.\J)\JJL;)IJ‘_;'”Q}W@JLQ:,\CE.»J:;}: JJ.‘)‘TJ.L.,\J.;¢M¢§,Lh;};76|)baf@u;m.<7paﬁﬂﬁ);
Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Table 9. Mean comparison of agro-climatic indices at phenological stages of wheat genotypes in sowing date treatments

GDD (degree-days)

Ao a3 -5y

HUE (kg.ha! degree-days )

s U5 e oS

ey Se3sha b S s “l> 04 > P PPLICENS “ls 045
Sowing date ol %56 Anthesis (Z65)  Physiological maturity (Z90)  Grain filling (Z65-90) Anthesis (Z65)  Physiological maturity (Z90)  Grain filling (265-90)
Nov.1 RARD 1567a 2324a 757¢c 3.8b 2.5bc 7.8a
Nov.11 OLT Y. 1494b 2276b 782ab 4.2a 2.8a 8.1a
Nov.21 oLt 1481c 2255¢ 773ab 4.1a 2.7a 7.8a
Dec.1 53T 1462d 2229d 767bc 3.9b 2.5hc 7.4b
Dec.11 3T Y 1348e 2137e 788a 3.8b 2.4c 6.7¢c
Dec.21 AL 1290f 1974f 685d 3.7b 2.4c 7.0bc
Dec.31 @3\ 11969 18549 657e 3.7b 2.4c 6.8¢c
PTU (degree-days hours) o5 — gl Gladsly PTUE (kg.ha! degree-days™) o5 gl 2 e LIS
Nov.1 LT 16489 26643b 10155d 0.36¢ 0.22b 0.58a
Nov.11 RAAD 15756¢ 26247c 10491c 0.40a 0.24a 0.59
Nov.21 oLt 16211b 26996a 10785b 0.38b 0.23ab 0.57a
Dec.1 53T 16175b 26851ab 10676bc 0.35¢c 0.21bc 0.53b
Dec.11 53T Y. 15366d 26407c 11041a 0.33d 0.19d 0.48c
Dec.21 AL 14725e 24299d 9574e 0.33d 0.20cd 0.50cd
Dec.31 @3\ 13786f 22938e 9152f 0.32d 0.19d 0.49d
HTU (degree-days hours) BT = sles gladss HTUE (kg.ha'* degree-days) BT = oles 5 e IS
Nov.1 RARE 7773a 11940d 4167d 0.76bc 0.49b 1.46a
Nov.11 RAAD 7502b 11738e 4237cd 0.85a 0.53a 1.53a
Nov.21 OLT ¥ 7718a 12475c¢ 4757b 0.80ab 0.49b 1.33a
Dec.1 53T 7735a 12649b 4913b 0.73cd 0.45¢ 1.17b
Dec.11 53T Y. 7513b 13266a 5753a 0.68d 0.39d 0.93d
Dec.21 PHAL 6957c 11334f 4377c 0.69d 0.42c 1.11c
Dec.31 @3\ 6400d 104769 4077d 0.70d 0.42c 1.10c
HYTU (degree-days percent) b= gles gladsly HYTUE (kg.ha' degree-days) (b gl 8 e o1
Nov.1 RARE 110391a 165429a 55038b 0.053bc 0.036b 0.108a
Nov.11 READ 104120b 160356b 56236a 0.060a 0.039%a 0.111a
Nov.21 OLT Y 104600b 160875b 56275a 0.058a 0.038a 0.109a
Dec.1 FHAR 103080c 157639c 54558b 0.055b 0.036b 0.104ab
Dec.11 55T 96787d 150831d 54044b 0.053bc 0.034c 0.097bc
Dec.21 PHAL 93754e 142679 48926¢ 0.051c 0.034c 0.099bc
Dec.31 @3\ 87555f 134722f 47167d 0.051c 0.033c 0.095¢

L, gyl gae gl .\..;):@JL,»ICE..,J:;}: J}A)'Twl.al,g.\;:wASJ:.:aijéljlagdh&ﬁp&b,aé\ji)yﬁﬁ
Means in each column for each factor followed by similar letter(s) are not significantly different at 5% probability level, using Tukey's test
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Effect of sowing date and agro-climatic indices on grain yield of new bread wheat
(Triticum aestivum L.) cultivars in Gorgan region, Iran

Bagherikia S.%, H. Soughi?, F. Sayyedi®, M. Khodarahmi*, F. Naghipour® and
M. Nazari®

ABSTRACT

Bagherikia S., H. Soughi, F. Sayyedi, M. Khodarahmi, F. Naghipour and M. Nazari. 2023. Effect of sowing date and agro-
climatic indices on grain yield of new bread wheat (Triticum aestivum L.) cultivars in Gorgan region, Iran. Iranian Journal of
Crop Sciences. 25(1): 20-40. (In Persian).

To determine the optimal sowing date for new bread wheat cultivars as well as to investigate the relationship
between grain yield and agro-climatic indices, a field experiment was carried out as split plots layout in
randomized complete block design with four replications in two cropping seasons (2020-2021 and 2021-2022) in
Gorgan agricultural research station, Gorgan, Iran. Seven sowing dates (from 01 November to 31 December,
with 10-day intervals) were assigned to main plots and four spring bread wheat genotypes (cv. Araz, cv. Arman,
cv. Taktaz and N-93-9 promising line) were randomized in subplots. Combined analysis of variance showed that
the effect of sowing date was significant on grain yield, biological yield and spike no. m2. While there was no
significant difference between cultivars for the aforementioned traits. The highest grain yield obtained from 11
November (6235 kg.ha™) and 21 November (6105 kg.hal) sowing dates, respectively. In delayed sowing dates
(11 December, 21 December and 31 December), grain yield of cv. Taktaz was greater than other genotypes. The
three sowing dates, 01 November, 11 November and 21 November, were not significantly different for grian
filling duration (42.5, 42 and 40.3 days, respectively). However, grian-filling duration significantly decreased in
delayed sowing dates (33, 34.1 and 35.6 days, respectively). The highest cumulative growth degree-days (GDD)
for grain filling period was calculated for sowing dates 11 November and 21 November (782 and 773 GDD,
respectively). In conclusion, the results of this experimebt showed that the highest grian yield and maximum
energy use efficiency may obtain from the sowing date window of 11 November to 21 November for Gorgan
region in Iran.

Key words: Bread wheat, Energy use efficiency, Grian filling duration, Growing degree-days, Northern
warm and humid agro-climatic zone, and Phenology
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