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Temporal Variation in Agronomic Traits, Grain Yield, and Radiation Use
Efficiency of Some Commercial Bread Wheat Cultivars Released from 1979 to
2022 in Iran
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Table 1. Meteorological data of Zarghan agricultural research field station in 2022-23 and 2023-24 cropping seasons
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2022-23 cropping season V=Y sl du 2023-24 cropping season VY= sl dl
b3 a8 S0 s aity o Se b S0 Sk b3 4aS” S0l s dity e b o Se Sk
) Kl 4 53) (o) Kl e 3) (o) Kol e 3) o) () Kl 4 5) (o) Kl ) (o) Kl o y3) (™)
Mean Minimum Mean Maximum Mean Temperature  Rainfall Mean Minimum Mean Maximum Mean Temperature  Rainfall

Month s Temperature (°C)  Temperature (°C) (°C) (mm) Temperature (°C)  Temperature (°C) (°C) (mm)
Nov.-Dec. 53T 2.7 15.6 9.1 61.0 0.8 19.0 9.9 15
Dec.-Jan. ©3 -04 9.8 4.7 130.0 -1.2 17.2 8.0 13
Jan.-Feb. o 17 132 74 63.8 0.7 17.2 8.9 24.1
Feb.-Mar. i) 39 19.4 11.6 16.5 2.7 17.9 10.3 323
Mar.-Apr. 203 45 222 13.4 8.7 75 221 14.8 120.2
Apr.-May. g 9.6 289 19.2 2.7 10.2 26.0 18.1 46.7
May-Jun. sls 5 16.4 355 26 0.0 15.9 36.0 26.0 13
Jun.-Jul. 5 18.7 395 29.1 0.0 20.8 40.1 305 0.0
Mean Temperature los ,Sobe 7.14 23.01 15.06 - 7.18 24.43 15.81 -
Total Rainfall S5k per 282.7 2274
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Table 2. Name, year of release and pedigree of commercial bread wheat cultivars (Malihipour et al., 2020)

Cultivar 5, Year of Release &ilsl3T Jle Pedigree o e

Azadi w57 1979 \YOA 4820/1.32.15409//MEXPIPAK

Ghods 5 1989 \YEA ROSHAN/5/WILLET/4/NORIN10/2*K54//[FORONTANA/3/PTROTOR/6/OMID//KALYANSONA/BLUEBIRD
Falat oM 1990 e KAVKAZ/BUHO” S” //KALY ANSONA/BLUE BIRD = SERI-M-82

Niknejad sizes 1995 \VE F134-71/CROW/” S”

Mahdavi ssie 1995 \VE TANOR-F-71I/PICHON/5/MT-48/3/WILLET-ENANO*3//NARINO-59/TOTA-63/4/MUSALA

Marvdasht sy, 1999 VA HD2172/BLOUDAN//AZADI

Shiraz jles 2002 FAN GAVILAN/D630//ALONDRA” S”/3/AZDADI

Parsi st 2009 VFAA DOVE” S”/BUCKBUCK” S”/2*DARAB

Sirvan Olg e 2011 Y. PRL/2*PASTOR

Talei OB 2011 . PASTOR//SITE/MO/3/CHEN/(TAUS)//BCN/4/ WBLL1

Torabi o5 2018 yray CHEN/AEGILOPS SQUARROSA(TAUS)//BCN/3/BAV92/4/BERKUT

Amin ol 2019 FAA KAUZ/LUCO-M//PVN/STAR/3/YACO/2*PARUS/4/PISHTAZ

Jalal M 2021 VP BAJ #1/KISKADEE #1

Danesh JHls 2021 VP SW89.5277/BORL95//SKAUZ/3/PRL/2*PASTOR/4/HEILO/5/WHEAR/ SOKOLL

Sepehr e 2022 VF W15.92/4/PASTOR//HXL7573/2*BAU/3/WBLL1/6/VEERY/MJI//2*TUI/3/2*PASTOR/4/BERKUT/5/PFAU/MILAN
Bamdad sl 2022 VP VEERY/MJI//2*TUI/3/2*PASTOR/4/BERKUT/5/2*BAVIS
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Table 3. Combined analysis of variance for agronomic traits and grain yield of bread wheat cultivars in 2022-23 and 2023-24 cropping

Seasons.
Mean Squares Slay o Sl

3T 4y S5 S ks b g, slaw ,gftu;)\ o 7 03 die sl MR INER, 4ls 15 09 Csls p asls 4ls 3 Shee
S.0.V. Sl e df Day to physiological maturity Plant height Spike no. m2 Grain n. spike? 1000 Grain weight ~ Harvest index  Grain yield
Year (Y) J 1 2450.26™ 1989.26™ 4.17 138.26 644.13" 910.57 ** 47292337
Replication/Y IS 4 4.89 100.60 1683.92 133.13 97.15 227.12 50538184
Cultivar (C) e 15 19.34™ 269.12" 9645.40 = 230.56 ™ 159.51" 89.07+* 6326099
Y xC o dl 15 3.34" 53.86 5353.34" 23.70 4.30 43.28 2724455™
Error Uast 60 0.34 36.86 3016.67 30.94 5.68 34.88 746434
CV (7) Sl o 8 0.30 5.66 10.48 10.82 5.65 14.53 12.77

* and **: Significant at the 5% and 1% probability levels, respectively. o3 G 5 o3 gy el ela 53 Jls s e T

O
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Table 4. Mean comparison of agronomic traits, and grain yield for studied bread wheat cultivars

oS glis Sl Latls 4ls 3 Slase
55 (S s B 5 3 (e Sl (02 s 5152 055 (4 )2) (S 55 0 S4kS)
Day to physiological Plant height g s 02 diw sl Al ys @l sliws 1000 Grain weight Harvest index Grain yield
Cultivar ) maturity (cm) Spike m? Grain spike? (@) (%) (kg ha?)
Azadi @137 198.50a 115.17abc 494.50a 57.17abc 33.93f 34.43a 4520a
Ghods Rt 197.83ab 115.17abc 428.50a 61.13a 32.88f 35.48a 4958a
Falat M 195.50abcd 101.16bcd 570.50a 51.44abcde 39.41de 4291a 6903a
Niknejad 158 195.83abcd 117.00ab 519.50a 54.98abcd 37.54ef 41.86a 6872a
Mahdavi S 9lge 197.33abc 119.00a 488.00a 60.64ab 40.11cde 38.16a 5733a
Marvdasht S e 196.67abcd 111.33abcd 498.33a 60.84a 37.46ef 39.98a 7215a
Shiraz Sl 199.17a 103.33abcd 538.67a 52.38abcde 37.64ef 33.83a 5545a
Parsi b 196.50abcd 103.33abcd 545.33a 45.14de 43.07bcd 40.05a 7618a
Sirvan Ripyo 195.17abcd 97.33d 544.67a 43.92de 47.14ab 44.51a 7548a
Talei b 192.67d 100.00bcd 520.17a 45.85cde 45.86ab 40.33a 6765a
Torabi Sy 194.00bcd 108.67abcd 551.33a 44.76de 47.34ab 45.48a 7117a
Amin ol 196.00abcd 105.05abcd 586.00a 48.52cde 47.12ab 40.75a 7988a
Jalal I 193.50cd 99.83cd 552.33a 50.28abcde 44.67abc 41.71a 7252a
Danesh Sl 194.17bcd 106.83abcd 478.67a 42.73e 48.29a 42.53a 6967a
Sepehr o 195.17abcd 108.33abcd 556.83a 52.53abcde 45.27ab 47.79 7518a
Bamdad slly 195.500abcd 108.17abcd 505.33a 49.37bcde 47.17ab 41.51a 7723a

IRRINTISIEOSEVRGIPIT M);@ka\clz.w): éjof}walﬁMS;bqféﬂ Jola (slyls &S O s ,a 5o ‘d_u&:i’gp
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.
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Fig. 1. Temporal variation in day to physiological maturity of bread wheat cultivars

released from 1979 to 2022
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Table 5. Combined analysis of variance for dry matter weight, and radiation use efficiency of bread wheat cultivars in 2022-23 and 2023-24
cropping seasons

Mean Squares  Six e ke

Dry matter weight = ¢as o5k 0035 Radiation use efficiency 5 (2 e o1

33T 4 s sl o o 5b Ay gb A 4l ods Sl o o Al 44l AW 4l ods 4ls 3 Shes
S.0.V. Ok e df Stem elongation Heading  Flowering Grainfilling  Stem elongation Heading  Flowering  Grain filling  Grain yield
Year (Y) Jl 1 1105730™ 4348380™ 1203729 176584 8.05™ 4.06™ 0.98™ 0.117 0.14™
Replication/Y /5 s 4 7731 4707 47998 86819 0.04 0.004 0.03 0.03 0.02
Cultivar (C) o5, 15 2257 A377T* 78379 103865 0.02 0.04 == 0.06* 0.04 0.02™
Y xC o5y x Jls 15 1777 31537 30214 88532 0.01 0.03 0.02 0.03 0.01™
Error Uas 60 2224 21141 56687 84339 0.01 0.01 0.03 0.03 0.00
CV (/) Sl od e S 16.27 13.85 17.19 14.39 15.80 14.01 16.82 14.31 12.97
*and **: Significant at the 5% and 1% probability levels, respectively. o3 S 5 oy gy el o 55 ls an o 5a e g
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Table 6. Mean comparison of dry matter weight at heading stage, and radiation use efficiency at the growth stages of wheat cultivars

(g 7o 53 p5) &Sz 03le 035 Us3 6 205 55 O pan WS
Dry matter weight (g m-?) Radiation use efficiency (g MJ1)

i 56k Sl 0 b A 545 A als > Sles
Cultivar o Heading Stem elongation ~ Heading  Flowering  Grain yield
Azadi @37 1044.6a 0.58a 0.92a 1.16a 0.27b
Ghods o8 1167.5a 0.53a 0.98a 1.00ab 0.29ab
Falat W 1015.5a 0.61a 0.89a 1.10ab 0.41ab
Niknejad 5SS 1153.5a 0.60a 1.03a 1.02ab 0.41ab
Mahdavi S 1156.3a 0.62a 1.04a 1.13ab 0.34ab
Marvdasht Sy 0 1103.6a 0.57a 0.95a 1.08ab 0.41ab
Shiraz Bl 1109.2a 0.51a 0.95a 0.97ab 0.32ab
Parsi b 1129.6a 0.57a 0.93a 1.06ab 0. 42ab
Sirvan Ol o 998.6a 0.62a 0.87a 0.96ab 0.45ab
Talei b 966.6a 0.55a 0.83a 1.02ab 0.39ab
Torabi el 891.5a 0.56a 0.77a 0.99ab 0.42ab
Amin ol 1024.6a 0.67a 0.95a 1.13ab 0.48a
Jalal I 903.9a 0.56a 0.79a 0.95ab 0.43ab
Danesh oAl 992.8a 0.51a 0.79a 0.81b 0.38ab
Sepehr e 1044.2a 0.61a 0.89a 0.95ab 0.43ab
Bamdad sl 1067.5a 0.69a 0.94a 1.22a 0.46ab

.x)\.ﬁj‘bslaﬁﬁ))uf M)Q@JL&:?‘CE-MJQk;};Q}‘)TJLW‘jMﬁfj::aﬂdf&i‘};‘v\-’ 6‘)‘)6&@?”})&@@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.
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Table 7- Correlation coefficients between different agronomic traits, grain yield, dry matter weight and radiation use efficiency of 16 bread

wheat cultivars (df = 14)

S osle 0 25 pan 1S
Dry matter weight Radiation use efficiency
B0, 3l A iy R s Sl dlois bk Slopas b b dsoad,
d&j}xﬁs Plant &r -~ diw sl sl wlsylpp iy Cils Grain Stem a5 5gb @—\l? al> Odd Stem alow 5 5eb @.Ll? Grain &ls :jgl».o
e Day to physiological height Spike m? Grains spike™ 1000GW  HI yield elongation Heading Flowering Grain filling  elongation Heading Flowering filling Grain yield
Trait Maturity (1) 2 (3 4) (5) 6) ()] 8 9 (10) (1) n(12) (13) (14) (15) (16)
1 1
2 0.560" 1
3 -0.415 -0.439 1
4 0.696™ 0.781™ -0.371 1
5 -0.769™ -0.664°  0.396 -0.905" 1
6 -0.517" -0.598 0.668" -0.616" 0.643™ 1
7 -0.413 -0537"  0.619 -0.641" 0.679™ 05627 1
8 -0.222 -0.214 -.017 -0.276 0415 0.079 0.452 1
9 0.736™ 0514 -0.147 0585"  -0.587" -0.245 -0.079 -0.080 1
10 0.529** 0509 -0.028 0566~ -0.613" -0.426 -0.079 -0.200 0.624™ 1
11 0.387 0.536 0.016 0.307 -0.229 -0.393 0.214 0.187 0524 0492° 1
12 0.780™ 0.638™ -0.324 0732 -0.708 -0.619 -0.364 0.028 0.828™ 0.630™  0.540 1
13 0.380 0487  0.117 0.474 -0.550" -0.406 -0.051 -0.152 0510 0.878™ 0.603" 0.559 1
14 0.364 0.489° 0.122 0484"  -0544" -0.408" -0.793 -0.144 0474 0852 0.587* 0.555" 0.994™ 1
15 0.324 0.624™ 0.158 0.448 -0.263 -0239 0.111 0.243 0535" 0512° 0.865™ 0.591 0.578 0579" 1
16 -0.492" -0.211 0.615" -0.343 0435 0442 0.309 0.211 -0.278  -0.130 0.036 -0.261"  0.013 0.022 0305 1

* and **: Significant at the 5% and 1% probability levels, respectively.
1000GW: 1000-grain weight, HI: Harvest index
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ABSTRACT
Sarikhani Khorami, Sh., Bazrafshan, M. and Tahmasebi, S. 2025. Temporal variation in agronomic
traits, grain yield, and radiation use efficiency of some commercial bread wheat cultivars released from
1979 to 2022 in Iran. Seed and Plant, 41, pp.143-173 (in Persian).

To study the temporal variation in agronomic traits, grain yield, yield components, and
radiation use efficiency of sixteen commercial bread wheat cultivars released from 1979
to 2022, a field experiment was carried-out using randomized complete block design with
three replications at Zarghan agricultural research station, Fars province, Iran, in 2022-
23-2023-24 cropping seasons. Days to physiological maturity, plant height, grain yield
and its components were measured. Radiation use efficiency for four phenological stages
and grain yield was also measured. The results showed that the temporal variation of grain
yield of bread wheat cultivars released from 1979 to 2022 was increasing, which was
mainly due to increase in 1000-grain weight and harvest index. Plant height and days to
physiological maturity of newer cultivars decreased. The results implied that increasing
temporal variation in grain yield mainly was due to increases in 1000-grain weight,
shorter plant height, and to improvement in radiation use efficiency at the flowering stage

in newer bread wheat cultivars.

Keywords: Bread wheat, day to flowering, day to physiological maturing, yield 1000
grain weight, harvest index.
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Introduction

Since the 1960s, global wheat yield improvement has resulted from both genetic
progress and agronomic management. Breeding has significantly increased grain yield,
especially after the Green Revolution. In Iran, genetic gain in wheat grain yield has been
reported as 83 kg ha™! yr! and 40 kg ha! yr! (Esmacilzadeh Moghaddam et al., 2014).
Key factors driving this progress include increased 1000-grain weight (TGW), reduced
plant height, earlier maturity, improved harvest index (HI).

Further increase in grain yield, however, requires enhanced biomass production, which
depends on radiation use efficiency (RUE). Some studies found that breeding improved
RUE at flowering, while others reported no significant difference between old and new
cultivars (Aisawis et al., 2015). Given the lack of information on RUE temporal variations
at different phenological stages of Iranian bred wheat cultivar relaesed from 1979 to 2022,
this study aimed to investigate temportal variation in grain yield, yield components, and
RUE in 16 bread wheat cultivars released over four decades.

Materials and Methods

A field experiment was carried-out to study the temporal variations in grain yield, yield
components, and radiation use effieciency of 16 bread wheat cultivars released from 1979
to 2022 in Iran. The experiment was carried-out using randomized complete block design
with there replications in 2022-23 and 2023-24 cropping seasons at Zarghan agricultural
research station, Fars province, Iran. Sixteen commercial bread wheat cultivars included:
Azadi, Ghods, Falat, Niknejad, Mahdavi, Marvdasht, Shiraz, Parsi, Sirvan, Talaei,
Torabi, Amin, Jalal, Danesh, Sepehr, and Bamdad.

Each plot consisted of four rows of 10 meter length and 20 centimeter row spacing
with seeding rate of 400 seed m 2. Dry matter weight and absorbed photosynthetically
active radiation (PAR) at four growth stages: stem elongation, heading, flowering, and
grain filling were measured. PAR interception was recorded using a linear PAR/LAI
ceptometer (AccuPAR LP-80). RUE (g MJ ) was calculated as the ratio of accumulated
dry matter to accumulated intercepted PAR. Agronomic traits including days to
physiological maturity, plant height, spikes m2, grains spike™*, TGW, Hl, and grain yield
were measured. Combined analysis of variance was performed using SAS software, and
means were compared using Tukey's test.

Results and Discussion

Combined analysis of variance revealed significant (p < 0.01) differences between
bread whaet cultivars for all agronomic traits and grain yield, indicating considerable
genetic variation. Grain yield showed highly significant (R? = 0.50**) increasing
temporal variation in bread wheat cutivars released from 1979 to 2022, mainly due to
increased TGW (R2 =0.78**) and, to some extent, improved HI. Plant height and days to
physiological maturity decreased in newer cultivars, implying the success story of
breeding programs in developing semi-dwarf and early-maturing bread wheat cultivars.

Although grains spike™ showed a decreasing temporal variation, this reduction was
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compensated by increased grain weight. RUE at the flowering stage and RUE for grain
yield significantly increased during the period of 1979 to 2022. High-yielding cultivars
(e.g., Amin, Bamdad, Parsi, Sirvan) generally showed greater RUE at the flowering stage.

Correlation analysis revealed that grain yield was positively correlated with spikes m
(r=0.619%), TGW (r = 0.679**), and HI (r = 0.562**), but negatively correlated with plant
height (r = -0.537*) and grains spike™ (r = -0.641*). These findings are in agreement with
the results reported by other researchers (Aisawi et al., 2015; Esmaeilzadeh Moghaddam et
al., 2014). The results demonstrated that increased grain weight and reduced plant height
have been the main characteristics contributed to enhancement of grain yield.

The lack of significant differences in RUE at early growth stages agrees with Acreche
et al. (2009), however, the improved RUE at the flowering stage in newer cultivars
supported the positive impact of breeding on this trait during the reproductive stage
(Reynolds et al., 2017). Consequently, future breeding programs should focus and
prioritize selection for increased 1000-grain weight and reduced plant height as well as
incorporating radiation use efficiency at the flowering as a complementary trait to further
enhance genetic gain in grain yield. These findings provide invaluable insights for future
breeding programs aimed at developing high yielding bread wheat genotypes adapted to
temperate agro-climatic zone of Iran.
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