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The Relationship of Environmental Factors with Phenological Characteristics and
Grain Yield of Some Commercial Bread Wheat Cultivars in Different Sowing Dates
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Table 1. Meteorological information of Darab field station in 2018-19 and 2019-20 cropping seasons

VAV-AA ely5 Jl A48 ely5 Jl
2018-19 cropping season 2019-20 cropping season
bs a8 ok bos it Kl s a8 oSk Los i Sl
(1,8 (Sl 4 53) (31 8 (Sl 4 53) s 5 Sobe Sk (51 F Slo 4 5) (51 F Blo 4 5) bs 58k SLb
Mean minimum Mean maximum 18 sl )3) (e o) Mean minimum Mean maximum (1 8 sl a)3) (e o)
temperature temperature  Mean temperature Rainfall temperature temperature  Mean temperature Rainfall
Month ol Q) Q) Q) (mm) Q) Q) Q) (mm)
Sep.-Oct. e 17.8 32.8 25.3 7.4 18.4 354 26.9 0.2
Oct.-Nov. oLt 11.9 24.8 18.4 40.8 10.8 26.2 18.5 26.1
Nov.-Dec. 53T 5.6 20.9 13.2 22.5 6.3 19.8 13.1 117.3
Dec.-Jan. ©3 4.2 18.6 11.4 21.7 3.9 17.6 10.8 122.8
Jan.-Feb. g 55 17.9 11.7 94.2 3.8 18.3 11.1 24.6
Feb.-Mar. Al 5.9 20.1 13.0 52.9 7.9 23.1 155 94
Mar.-Apr. EESYR 12.2 24.6 18.4 103.4 10.8 23.6 17.2 158.7
Apr.-May. Sl s, 15.1 32.0 235 8.4 15.8 31.9 23.9 24.5
May-Jun. sls & 21.9 40.2 31.0 3.1 21.3 40.5 30.9 2.6
Mean/total  seer/ Sl 11.1 25.8 18.4 354.4 11 26.3 18.6 486.2
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Table 2. Name, pedigree, selection history and some characteristics of studied bread wheat cultivars (Malihipour et al., 2020)

G il oS a3 5m 055 ke s Shee o Sle  wls 555 Ol e e
Sedl (o ) (%3] O 5305 AS) (4s3)
Year of ot sl a6 Mean plan Sty Lo Mean 1000 grain Mean grain yield Mean grain protein
Cultivar o3, release Pedigree Selection history t height (cm) Maturity status weight (g) (kg ha't) content (%)
CMSS-0Y01881T-050M-030Y- 595
Nt * * (S0l P)
Mehregan o 4 2014 OASIS/SKAUZ//4*BCN/3/2*PASTOR 30M-030WGY-33M-0Y 89 Early maturity 40 5690 134
CMSS98Y03489F-040M-0100M- 555 b
. * (S L P
Barat #2015 SLVST2PASTOR 40Y-020M-040SY-28M-0Y-0SY % Relatively early maturity 40 6430 121
: ) Bow"s"/Vee"s"//1-60-3/3/Cocoraque . o3 b eyl e
Khalil Q= 2016 75/4/Charmran Not available 91 Medium to late maturity 35 5830 129
- PRL/2*PASTOR/4/CHOIX/STAR/3/HE CMSS02Y00596S-33Y-0M- oy g
Sarang Sl 2007 e eNOT92*SERIS2 099Y-5M-0WGY-0B % Medium maturity 43 6320 127
Setareh ok 2018 Dez/SW891882 Not available 74 . 25 42 4920 12.2
Early maturity
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Table 3. Combined analysis of variance for phenological characteristics and grain yield of bread wheat cultivars as affected by different
sowing dates

Mean Squares Sl e Sl
Days number ;,, slas GDD i) 5,405 5 ez
a3 & 0,53 S A &2 )53 S A
@1 Wle Gus fosb Slidles § wls ous  Sidppdle s fb Slidles § wbond ,  Sideie 4153 Shes
S.0.V. A df CSE Anth  GFD PMA CSE Anth GFD PMA Grain yield

Year (Y) Ju. 1 784.0** 661.0* 187  374.0%*195279.0** 71482.0* 99.0 79892.0* 1980531.0
Replication (R)/Y Ju/,l S 4 1.8 323 633 145 197.0  9126.0 22768.0 7845.0  4307714.0
Sowing date (D) sl &6 4 974.0%* 2174.0%*2766.0**8802.0** 163915.0**390156.0**326243.0**1357818.0** 6722180.0**
Y xD ol asx Ju 4 185.0%*  56.2* 926  113.0¢ 25532.0** 10582.0 34527.0 65371.0* 14635314.0**
R (Y x D) (Csl b x Jw) 1,6 16 5.3 149 358 30.2 634.0 3886.0 17211.0 16453.0  1024231.0
Cultivar (C) o, 4 35.9** 263** 16.1  278.0** 5202.0** 58100.0** 23603.0** 140802.0** 5521140.0**
Y xC yxJdu 4 12.8**  19.9** 124* 249* 2103.0** 5552.0** 6240.0 12699.0** 164653.0
CxD oy x ol a6 16 21 15.5** 145 5.3 308.0  3296.0** 4310.0 2627.0  1102090.0**
YxDxC oy % sl AL x Jl 16 1.7 9.4** 20.3** 105 335.0  2591.0** 7608.0** 5065.0  1587195.0**
Error L= 80 1.7 2.9 6.7 7.1 251.0 791.0 3295.0 3484.0 413004.0
*and **: Significant at the 5% and 1% probability levels, respectively. Loy3 &S5 5 ey Jlaim| el )3 Sl me 3 iy T 5

ugi)')“}i,}f’ L&f'\f‘“) PMA ¢ails ‘-)"U’JL 693 GFD ‘@U‘é‘a:ﬁ Anth (a3l Q'\":'Ji}']’ C)J}: CSE
CSE: Commencement of stem elongation, Anth: Anthesis, GFD: Grain filling duration, PMA: Physiological Maturity.
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Table 4. Mean comparison of days and required growing degree-days (GDD) to phenological stages of bread wheat cultivars in five sowing dates

O G 5l 59, 3l O G 51y 55 mder )3 f soes
Days from emergence Total GDD from emergence
Blo Odd b g o8 Gladles & (So5lp s Sty €ls 000553 SleOA Jisb g s SGlibles 8 (S5 p 58 Sy als 04k 5 050
Sowing date  cls &b CSE Anth PMA GFD CSE Anth PMA GFD
27 October oLt o 70.3a 124.4a 183.4a 58.9a 810a 1525a 2534a 1009a
11 November oLt Y. 68.0a 124.9a 172.4b 47.5b 792ab 1482a 2360b 878b
26 November 53T 73.5a 120.7b 163.6¢ 42.9bc 773b 1380b 2235¢ 855hc
11 Decomber AL 67.0a 114.4c 150.4d 36.0d 710c 1330c 2081d 763c
26 December 30 72.1a 104.5d 140.3e 35.8d 629d 1243d 2006d 751c

..U)\,U)lzgma)u:M):@JWle“):k;}onijulﬁmefjanfégidélb ‘51)55‘0}:“}4\):‘&\.»&:@@
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using Tukey's test.
1> 0 053 GFD ( S50 58 (S PMA (Glasles S AN (Lo 0 o 5b ¢35 CSE
CSE: Commencement of stem elongation, Anth: Anthesis, PMA: Physiological Maturity, GFD: Grain filling duration.
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Table 5. Mean comparison of days and growing degree-days to phenological stages of five bread wheat cultivars

O G 31 595 3l Okl G Sy S omar > fgoes
Days from emergence GDD from emergence
Blo 0 g pays Gbles 5 (S50 58 Sy 41 043 0093 dsb Blo 0ub b gy b Slbles § (K505 58 (St €l 0 0055 b

Cultivar ey CSE Anth PMA GFD CSE Anth PMA GFD
Mehregan 08 e 68.9c 116.9¢c 161.0c 44.0a 727b 1379b 2218c 839hbc
Barat Sy 71.1ab 120.1a 163.4b 43.3a 755a 1428a 2275b 847abc
Khalil s 71.2a 120.4a 165.3a 44.9a 756a 1434a 2319a 885a
Sarang &5l 70.5b 118.0b 163.0b 45.1a 746a 1393b 2266b 872ab
Setareh o)l 69.2¢c 113.5d 157.3d 43.8a 730b 1325¢ 2138d 814c

S 3 e sl sy ey Jlez! e 53 (S5 0 g05T bl s &S 2 O S0 Bl 61,1 o7 (s 5 5 il
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level using Tukey's test.
A1 0 0555 GFD (K550 58 Sy PMA (lisles S ANtD sl 0 s b ¢ 5,5 :CSE
CSE: Commencement of stem elongation, Anth: Anthesis, PMA: Physiological Maturity, GFD: Grain filling duration.
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Table 6. Mean comparison of sowing date x cultivar interaction effect on grain yield

(kg ha*) of bread wheat cultivars

Sowing date .5 &0

OLT oy LT ates 5T oy P > ey oSl
Cultivars 5, 27" October 11" November 26! November 111" December 26™ December Mean
Mehregan o€ 4 5650b 6746b 6493a 6295a 6018a 6242b
Barat ol,  6198ab 6953b 6945a 5950ab 5720a 6353ab
Khalil M= 6682a 7982a 6698a 6652a 5181b 6639a
Sarang &L 6192ab 7021b 6896a 6586a 6099a 6559ab
Setareh o). 4858c 5972¢ 5701b 5392b 5860a 5557¢
Mean Sl 5917c 6935a 6547ab 6175bc 5775¢c
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Wl o plonil Cr3 5y (S35 U SSle Al SBT3 (51

Means, in each column, followed by at least one letter in common are not significantly different at the 5%
probability level using Tukey's comparison test. Mean comparison for sowing dates has been performed

in row.
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Fig. 1. Biplot resulted from PLSR analysis based on the first two factors to identify
genotypes x meteorological variables interactions to differentiate phenological stages
from different sowing dates in five bread wheat cultivars. SD1 to SD5: vectors of the
first to fifth sowing date, TMax: mean maximum temperature, TMin: mean minimum
temperature, SH: the sum of sunny hours during the day, Rain: rainfall, CSE:
Commencement of stem elongation, Anth: Anthesis, PMA: Physiological maturity,
GFD: Grain filling duration
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ABSTRACT
Sarikhani Khoramil, Sh. and Tahmasebi, S. 2023. The relationship of environmental factors with
some phenological characteristics and grain yield of commercial bread wheat cultivars in different sowing
dates. Seed and Plant, 39, pp.355-379 (in Persian).

This study aimed to investigate the effect of sowing date and enviromental factors
during different growth stages on some phenological characterisitcs and grain yield of
commercial bread wheat cultivars. The experiment was carried out as split-plot
arrangements in randomized complete block design with three replications at the Darab
reaesrch field station in 2018-19 and 2019-20 cropping cycles. Five sowing dates:
October 27, 11, and November 26, December 11, and 26, were assigned to the main
plots. Five commercial wheat cultivars: Mehregan, Barat, Khalil, Sarang, and Setareh,
were randomized in the subplots. Results showed that the late maturity cultivars, Khalil
and Brat, had higher grain yield in earlier sowing dates. Early maturity cultivars,
Setareh and Mehregan, had less yield reduction in later sowing dates. The highest and
lowest mean grain yield obtained from November 11 (6934 Kg ha!) and December 26
(5775 kg hal), respectively. Number of days and required growing degree-days (GDD)
decreased with delaying sowing date. The decrease of required GDD to reach
commencement of stem elongation, anthesis and maturity stages from the first to fifth
sowing date was 181, 282 and 528 GDD, respectively. Simultaneous effect of weather
variables and sowing date on some characteristics revealed that the first two
components explained approximately 41% of total variation. Results showed that
temperature was the most important factor controlling the phenological stages duration.
Despite the importance of temperature, changes in sowing date can alter the required
GDD for phenological stages due to other environmental factors. In general, the results
of this study can provide an insight into bread wheat cultivars responses to different
climatic conditions and development of new bread wheat cultivars adapted to target
environments.

Keywords: Bread wheat, growing degree-days, stem elongation, anthesis, physiological
maturity.
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Introduction

Global warming due to climate change is significant challenge for the sustainability
of wheat production due to the complex interactions between genotype and climate
factors (Nuttall et al., 2018). Under conditions of climate change, it is important to
evaluate the response of plant phenological stages to climate change. Therefore,
accurate understanding of genotype x environment interactions (GEI) and selecting
superior genotypes adapted to environments and climate fluctuations requires thorough
knowledge of genetic adaptation principles and their physiological and environmental
bases (Ashworth et al., 2023). In this context, it is crucial to investigate the effect of
environmental factors such as meteorological data on wheat phenological stages and
grain yield as well as their interaction effects during vegetative and reproductive
growth. Partial least squares regression (PLSR) analysis of environmental parameters
can elucidate changes in crop yield resulting from genotypic responses in different
environments and identify the most sensitive growth stages to environmental and
climatic variables (Porker et al., 2020). The main objective of this study was to
investigate the impact of agroclimatic indices and meteorological factors on different
phenological stages and grain yields of commercial bread wheat cultivars in different
dates for bread wheat breeding programs for development of new cultivars with wide
adaptability to chamging climate in target environments.

Materials and methods

Five commercial bread wheat cultivars, Mehregan, Barat, Khalil, Sarang, and
Setareh, as sub-plots were planted in five sowing dates, October 27, November 11,
November 26, December 11, and December 26 as main plots using split-plot
arrangement in randomized complet block design with three replications at the Darab
resrach field station in 2018-2019 and 2019-2020 cropping cycles. For each sowing
date, the number of days and required growing degree-days (GDD) from emergence to
commencement of stem elongation (CSE), anthesis (Anth) and physiological maturity
(PMA), and grain filling duration (GFD) from anthesis stage were calculated for all
bread wheat cultivars. Analysis of variance was performed using SAS ver. 9.1 software,
and Tukey's test was used for mean comparisons. To investigate the simultaneous effect
of meteorological covariables and sowing date on bread wheat cultivars, the partial least
squares regression (PLSR) method was used in GEA-R v4.1 software (Pacheco et al.,
2015). The Y matrix consists of grain yield variables measured on five cultivars in five
sowing dates, and the X matrix contains meteorological covariables including mean
minimum temperature, mean maximum temperature, number of sunny hours per day
and total rainfall, whcich were calculated for the four phenological stages in each
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sowing date. Finally, the PLSR results were displayed graphically using biplot with the
coordinates of environments, genotypes, and meteorological covariables simultaneously
based on the first two components.

Results and Discussion

Combine analysis of variance showed that the difference in the number of days to
CSE stage among the studied bread wheat cultivars in the five different sowing dates
was not significant. However, the required GDD for this stage decreased by 181 degree-
days from the first sowing date (October 27) to the fifth sowing date (December 26).
The longest number of days to Anth and PMA for the cultivars corresponded to the first
sowing date. Additionally, the highest and lowest required GDD for the Anth and PMA
stages belonged to the first and last sowing dates, respectively. Cv. Khalil had the most
and Setareh had the least number of days and total required GDD to reach different
phenological stages. Generally, the temperature requirement of early breadwheat
cultivars was lower than late cultivars (Jalal Kamali and Sharifi, 2010). Delaying the
sowing date exposed the cultivars to higher mean daily temperatures and reduces the
length of the phenological periods, thereby decreasing the number of days needed for
anthesis and physiological maturity (Ashena et al., 2015). The number of days and
required GDD for GFD both decreased from the first sowing date to the last. While the
number of days required for the GFD stage did not differ significantly among bread
wheat cultivars, the required GDD for this stage was lower in early-maturing bread
wheat cultivars.

The highest average grain yield of 6935 kg ha™ obtained from the second sowing
date (November 11), while the lowest grain yield of 5775 kg ha belonged to the last
sowing date (December 26). The highest and lowest averages grain yield belonged to
cv. Khalil (6639 kg ha') and Setareh (5557 kg hat), respectively. Relatively late cv.
Khalil and cv. Barat performed well in early sowing dates. While, the early cv. Setareh
and cv. Mehregan showed less variation in grain yield in latest sowing date when
compared with the earliest.

Study of the simultaneous effects of meteorological covariates and sowing date on
grain yield using PLSR showed that mean minimum and maximum temperatures during
Anth and GFD stages had a substantial impact on grain yield for delayed sowing dates.
Early cv. Setareh and cv. Mehregan were more tolerant to higher temperatures during
Anth and GFD stages. The higher grain yield in the second sowing date could be due to
greater total rainfall as well as lower temperatures during Anth and GFD. Overall,
temperature strongly controlled the duration of different phenological stages. Despite
the importance of temperature, changes in sowing date also altered the required GDD
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for the duration of phenological stages of bread wheat due to other climatic and
environmental factors. In conclusion, the results of this study can provide an insight into
bread wheat cultivars responses to different climatic conditions and development of new
bread wheat cultivars adapted to target environments.
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