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Table 2. Pedigree and release year of bread wheat cultivars used in this study
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Cultivar Year of release Pedigree
o5 ez PFAU/MILAN/5/CHEN/AEGILOPS SQUARROSA
Tirgan 2017 (TAUS)//BCN/3/ VEE#7/BOW/4/PASTOR
4 Yay
MILAN/S87230/BABAX
Kalateh 2018
obe,T 12X
PBW343/TONI//TROST/3/SOVA
Arman 2020
ST ¥4
CROC-1/AE.TA(WX-224)//OPATA-M-85/3/PASTOR
Araz 2020
BEY VFe
SAUAL/3/MILAN/S87230//BAV92
Taktaz 2021
N-4r-4 N
kel ¥ CHAPIO/3/BORLI5/2*EXCALIBUR//EXCALIBUR
N-93-9 promised line

Wl (L) p S 5 8 )3 Dliiond ol 870 6,1 ol S oL

All these cultivars are originated from the International Maize and Wheat Improvement Center (CIMMYT).
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Continued Table 3 ¥ J g aalsl
T s () o5 18] (oo ) JSihy b PERER Sy CSTISI OIS
. . Days to physiological
df Plant height (cm) Peduncle length (cm) Days to heading maturity
Year (Y) du 1 37744%%* 2091%* 202%* 29992%*
Block(Y) (Ju) &7k 6 7.55™ 10.1%* 0.84™ 0.98™
Seeding density (SD) 515 5 135.8%* 40.1%* 86%* 94
Cultivar (C) .3, 5 546.4%* 254.5%* 531%% 139%*
(Cx SD) s (S5 (5, 25 8.2™ 10.5%* 1.22" 2.6%*
(Cx SD)JLx 54 (S5 5 216.7%* 11.4%* 5.4%% 17%*
(Y *xC) duxs, 5 26.3%* 68.6%* 8.5%* 26%*
S 25 621" 6.8%* 0.67" 15w
Y xSD x C
Erroris 210 5.99 2.76 0.68 0.55
St s s 242 474 0.64 0.45

CV%

s

3

B

* %% and ™: Significant at the 1% and 5% probability levels and not significant respectively.
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Table4. Mean comparison for simple effect of density in different traits

Sk oS S s 6335 Seod i b 55, Al > &l slus Sl b oS gl (@)als)lpalss 5 dhiw sl 035 o3 3 Shas kg)«ls
) EGRNE Umv\m. to Grain spike™ (o 5L (o ) Hwo:mmwm er (kg ha™") (he
wmoa_.ﬂm Days to heading Peduncle Plant height grain weight Spike m? Biological yield Grain
ensity physiological length (cm) (cm) © (kg ha') (ke
maturity

200 167.3° 129.4° 36.6 34.1° 99.3° 38.5% 4374 12723° 46-
250 166.7° 128.9° 36.0° 34.4° 99.8° 38.4% 462° 13094% 481
300 166.4° 128.3° 35.9° 34.3¢ 100.1° 39.2¢ 485° 13581% 507
350 165.4¢ 127.6 35.6° 35.3° 101.7° 38.8% 503° 14017 53¢
400 164.4° 126.8° 34.2° 35.9% 102.5° 37.7° 471% 13732¢ 51¢
450 163.6" 125.9" 32.8° 36.3° 103.5° 36.5¢ 4384 13576 48(

Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level.
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Table4. Mean comparison for simple effect of density in different traits

ok oS S ks 6 505 e B2 3 Al 53 4l sl Sl Jsb oS glisf (8)als)lzn 055 o3 abtw sl 035 Sy 3 Shas kg)als s Shee
. 65 5 Days to Grain spike™! ) (o L) Thousand o (kg ha™ (ha'!

Maw&‘ﬂm Days to heading Peduncle Plant height grain weight Spike m” Biological yield Grain yield

ensity physiological length (cm) (cm) © (kg ha™) (kg ha™)
maturity

200 167.3* 129.4* 36.6* 34.1° 99.3¢ 38.5%® 437¢ 12723¢ 4630¢
250 166.7° 128.9° 36.0° 34.4° 99.8° 38.4" 462° 13094 4818°
300 166.4° 128.3¢ 35.9° 34.3° 100.1¢ 39.2° 485° 13581% 5073°
350 165.4¢ 127.6° 35.6" 35.3° 101.7° 38.8% 503° 14017 5388"
400 164.4° 126.8° 34.2° 35.9% 102.5° 37.7° 471" 13732° 5189°
450 163.6" 125.9° 32.8° 36.3° 103.5% 36.5¢ 438¢ 13576 4802°

IS Sl pae Syl .\r\suog_&v_qr\uu '.\.WL._u R_C_uﬁoﬁuﬂr\r‘\_ﬁouﬁt\uuurg r\J\VrFC%_T
Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level.
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Table 5. Mean comparison for simple effect of culivar in different traits

EEWET Gosaliw b ja, e s 4ls slues IS J b oS plisf Glapa 0is 3 e slaw G 3 Shas s Shas
o SR Days to Grain spike™ (o @il (o L) (8 o (kghal)ess  (kghaais
) Days to heading Peduncle Plant height %rocwm_”a Spike m™ Biological Grain yield
Cultivar physiological length (cm) MHMM yield (kgha')  (kgha')
maturity (cm) s\mmmrﬁ Amv
o 3 ¢ d b de ¢ b a b b
] 164.8 127.6 334 342 102.3 37.6 460 13267 4825
Tirgan
164.44 125.0° 37.9° 34.8" 98.2° 36.7° 463" 13293° 5087°
Kalateh
Ol )T
o 168.3 132.5° 36.3° 35.1° 104.2° 37.3% 473* 13626™ 5085
Arman
3T
22 166.4° 128.5° 32.2¢ 39.5% 105.4* 41.9* 469° 14039° 4892°
Araz
S c f b S f ! : b :
163.6° 122.7 353 33.1° 96.7 41.2% 464° 13097 5068*
Taktaz
N-ar-4 b b b d d d b b
N.93.9 166.2 129.6 36.1 33.6% 100.1 34.4 468° 13402 4943
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level.
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Ju oSy Shu,s b5, o3 aliw G 5y, A s 4ls Slde IS5l Jsb oS glisl PHISEINREY BEPTRIMNRR 035 S ) 3 Shas 413 5 Shes
Year  Density EGAPH Days to Grain spike™ e 5l (e W) (2) or (kg ha™) (kg ha™)
Days to heading Peduncle Plant height Thousand Spike m* Biological yield Grain yield
. . kernel -1 -1
physiological length (cm) . (kgha™) (kgha™)
- weight (g)
maturity (cm)
1 200 161.8° 128.9% 36.5%¢ 33.1¢ 94.8° 36.9¢ 428¢ 12469° 4528°
! 250 161.4° 128 4% 35,60 33.0¢ 95¢ 36.2° 452° 12888 4684%
1 300 161° 127.8% 36,2 33 94.6° 36.8° 474% 134290 48500
1 350 160.4° 127.3¢ 34.8% 34¢ 96¢ 36.4° 490" 13953™ 5180%
1 400 159.6° 126.6' 33,7 34.4° 95.7¢ 35.4° 459 13855™ 49350
! 430 158.9° 125.7¢ 32.9° 34.6% 96.4¢ 34.7° 429¢ 13962" 4680%
2 200 178.1° 130.6° 36.9° 36,20 108.2¢ 41.8% 453 13231% 48330
2 250 177.4° 130.1° 36.8% 36.7° 109.4° 0§ 484 13506% 5084
2 300 177.1° 129.5" 35.4%% 37 111.1% e 507° 13885 5519%
2 350 175.3" 128.2¢ 37° 37.8% 113.1% 43.6° 520° 14145 5804°
2 400 174.1° 127.2¢ 35,00 38 116.1% 423% 495% 134850 5696°
2 450 173.1° 126.5' 3281 39.8° 117.7° 40.2° 456 12805 5046
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level.
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Introduction

According to their genetic, botanical, physiological characteristics, weather
conditions, soil and growth environment, each wheat cultivar can produce the
highest grain yield in a certain condition of plant density (Elhani et al., 2007).
Wheat cultivars and lines differ in terms of thousand kernel weight and tillering
power, Therefore, recommending a specific plant density based on kilograms per
hectare without considering the capacity and genetic characteristics of the genotypes
is not very accurate. The highest grain yield is achieved when the competition
among the plants are at its minimum and the plant can make maximum use of the
environmental factors (Bastos et al., 2020). Thus, it seems necessary to determine
the most appropriate density for each promising line and variety in order to achieve
the highest grain yield potential before distribution and planting by farmers.

Materials & Methods

In order to investigate the effect of seeding rate on yield and yield components

of new cultivars and promising lines of bread wheat, an experiment was conducted
Email address of the corresponding author: Corresponding author: h.soghi@areeo.ac.ir
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in two cropping seasons (2020-2022) at Gonbad agricultural research station. The
experiment was carried out as a factorial with two factors of density and cultivar
in the randomized complete block design (RCBD) in four replications. Plant
density in six levels including 200, 250, 300, 350, 400 and 450 seeds per m* and
genotype in six levels including N-93-9 line and Araz, Arman, Tektaz, Kalateh
and Tirgan cultivars were two factors of this experiment. The area of each plot
was 12mx1.2m = 14.4 m? and the harvested area was 12 m?. After harvesting,
weighing and measuring the desired traits and ensuring the uniformity of the error
variances in the experiments, combined variance analysis was performed for two
years. Then, the mean of the treatments was compared based on Duncan’s test at a
statistical level of 5%.

Results & Discussion

The results showed that simple effect of density was significant at 1% statistical
level for all investigated traits. Specifically, the characteristics of grain yield,
biomass yield, thousand kernel weight, plant height, and number of grains per
spike, number of spikes per m? peduncle length, days to heading and days to
physiological maturity were different in various densities. The comparison of
means showed that the highest and lowest values for grain yield, biomass yield
and the number of spikes per m?> were obtained at densities of 350 and 200 seeds
per m?, respectively. The highest grain yield and biomass yield at a density of 350
seeds per m? were 5388 and 14017 kg ha'!, respectively. The density of 400 seeds
per m? was ranked second with seed yield and biomass yield of 5189 and 13732
kg ha’!, respectively. The interaction effect of year and density was significant for
grain yield, but in each year, the highest grain yield was obtained at a density of
350 seeds per m?. The Kalateh, Arman and Taktaz cultivars had the highest grain
yield, with 5087, 5085 and 5068 kg ha’!, respectively. Additionally, the Arman
cultivar had the highest number of spikes, with 473 spikes per m?, and the Araz
cultivar had the highest thousand kernel weight at 41.9 gram. The highest number
of spikes, 503 spikes per m?, was obtained at a density of 350 seeds per m?, while
the lowest number of spikes per m?, 437 spikes per m?, was observed at a density of

200 seeds per m?. These findings show that a density of 350 seeds per m?is optimal
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density for maximizing wheat yield. In fact, at this density, plants can fully utilize
the available resources without experiencing negative effects (Lollato et al., 2024).

Conclusion

In conclusion, the maximum values for grain yield, biomass yield and number
of spikes per m?> were obtained at a density of 350 seeds per m?. Although the
interaction effect of year and density was significant for grain yield, the highest
grain yield was obtained at this density, with 51480 kg ha™' in the first year and
5804 kg ha! in the second year. The highest grain yields, 5087, 5085 and 5068
kg ha'!, were recorded for the Kalateh, Arman and Taktaz cultivars, which were
significantly higher than those of the Araz and Tirgan cultivars.

Keywords: Biomass yield, Combined analysis, Golestan province, Competition.
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