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Introduction

Bread wheat (Triticum aestivum L.) is one of the most important food crops worldwide. Plant height is a key agronomic
trait that directly influences grain yield. Optimizing wheat plant height according to environmental conditions can
maximize grain productivity. To further investigate the effects of increased plant height on grain yield and early
maturity in the bread wheat cultivar "Excalibur", this recent study was conducted across multiple regions.

Material and Methods

To investigate the effects of increasing plant height on grain yield and early maturity in the bread wheat cultivar
"Excalibur," the recent study was conducted. In this study, the cultivars Excalibur and Roshan, the Excalibur semi-tall
line (derived from the fourth backcross generation of Excalibur x Roshan), along with several local cultivars, were
evaluated using a randomized complete block design with four replications. The experiment was conducted under
different climatic conditions, including well-watered regimes (Arzuiyeh, Dashtkar, and Negar regions) and rain-fed
conditions (Kazerun and Sepidan) during the 2022-2023 growing season. Several parameters were recorded, including
grain yield (ton/ha), the number of spikes per square meter, the number of grains per spike, thousand-grain weight (gr),
plant height (cm), days to heading, days to maturity, and grain-filling period. Data analysis of variance and mean
comparison using the LSD test were performed in SAS v9.1 software, and figures were drawn in Excel 2016 software.

Results and Discussion

The results showed in the regions of Orzueeyeh, Kazerun, and Sepidan, increasing plant height had no effect on
phenological traits. However, in Dashtkar and Negar regions, increased plant height extended the number of days to
heading but reduced the grain filling period, resulting in no change in maturity time. The semi-tall Excalibur line was
earlier-maturing compared to the control cultivars in Dashtkar, Negar, and Sepidan, but this difference was not
significant in Orzueeyeh. In Kazerun, it was earlier-maturing than the Kalheydari cultivar. Increased plant height in
Orzueeyeh reduced the number of spikes per square meter, but this reduction was not significant in Negar and Dashtkar.
In Kazerun, increased plant height had no significant effect on spike density, whereas in Sepidan, it decreased the
number of spikes. Under both well-watered and rain-fed conditions, no significant difference was observed between the
semi-tall Excalibur line and the Excalibur cultivar in terms of grains per spike. This result indicates that, in this study,
increased plant height had no effect on the number of grains per spike. Increased plant height in the Orzueeyeh, Negar,
and Sepidan regions led to a higher thousand-grain weight whereas this increase was not significant in the Dashtkar and
Kazerun regions. It can be inferred that higher plant height enhances biomass production and photosynthetic activity,
thereby increasing the thousand-grain weight in some regions. In the Orzueeyeh region, the semi-tall Excalibur line had
lower grain yield compared to the parent Excalibur, while this yield reduction was not significant in the Negar and
Dashtkar regions. In Orzueeyeh, due to the region's high winds, extreme heat, and low humidity, wheat shedding is very
high, and the semi-tall Excalibur line experienced significant shedding in this area. The grain yield of the semi-tall
Excalibur line was lower than that of the control cultivars in the Dashtkar and Negar regions. In Orzueeyeh, it showed
no difference with the Setare cultivar but was lower than the Sirvan cultivar. Therefore, it can be concluded that the
semi-tall Excalibur line is not suitable for cultivation in the Dashtkar and Negar regions. However, in Orzueeyeh, due to
its higher straw production compared to the Setare cultivar, it could serve as a replacement for Setare. In the Kazerun
region, no significant difference in grain yield was observed between the semi-tall Excalibur line and the Excalibur
cultivar. However, in the Sepidan region, a decrease in grain yield was observed due to increasing plant height. Unlike
Kazerun, plants in Sepidan faced severe stress by the end of the growing season. In other words, rainfall distribution
was much better in Kazerun than in Sepidan. Regarding grain yield in Sepidan, the semi-tall Excalibur line was lower
than the Baran and Kalheydari cultivars but showed no difference with the Mahdavi cultivar. In Kazerun, it did not
differ from the Karim and Koohdasht cultivars but was higher than Kalheydari. Therefore, this line could be a suitable
replacement for the Kalheydari cultivar in the Kazerun region.
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Conclusion

It can be concluded that selecting for tallness under rain-fed conditions can be a beneficial and suitable approach in
breeding programs to improve yield in bread wheat. Conversely, under well-watered conditions, selecting for dwarfism
is recommended.
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Table 1: Geographical and climate characteristics of the evaluated regions in the current study

Geographic Geographic Elevation Wheat
Location grap o grap o abovesea  Geographical location climate harvesting
Longitude (°E)  Latitude (°N) .
level (m) time
Orzueeyeh 56 28 1053 Located in th(_e south of Tro_plcal Late_Aprll
Kerman province region to mid-May
Dashtkar 56 29 2047 Located in th? west of Cold region Le}te June to
Kerman province mid-July
Negar 56 29 2000 Located in th(_e west of Cold region Lgte June to
Kerman province mid-July
Kazerun 51 29 860 Located in the west of Suptroplcal Mid to late
Fars Province region May
Sepidan 51 30 2240 Located n the west of Cold region E?”V to
Fars Province mid-July

Table 2: Agronomic characteristics of the control cultivars used in the current study

Cultivars Characteristics
Bread wheat cultivar for cultivation in tropical and subtropical regions facing end-season drought stress, drought-
Setareh . . . . .
tolerant, early-maturing, lodging-resistant, susceptible to yellow rust disease
. Bread wheat cultivar for cultivation in temperate regions facing end-season drought stress, drought-tolerant, lodging-
Sirvan . . . . . .
resistant, moderately resistant to wheat rust diseases, with spring growth habit
Bread wheat cultivar for cultivation under both well-watered and end-season drought stress in cold regions of the
Mihan country, featuring high yield potential, medium maturity, lodging-resistant, resistance to yellow rust, moderate
resistance to black rust and brown rust, with winter growth habit
. Bread wheat cultivar moderately sensitive to both drought and cold stress, semi-late maturing, susceptible to lodging,
Omid : - - . . .
resistant to major wheat diseases, with winter growth habit
. Bread wheat cultivar suitable for rain-fed cultivation in western regions of the country, drought-tolerant, semi-late
Kalheydari . . - .
maturing, with winter growth habit
Karim Bread wheat cultivar suitable for rain-fed cultivation in both tropical and temperate regions of the country, tolerant to
cold and drought stress, lodging-resistant, resistant to wheat rust diseases, with spring growth habit
Bread wheat cultivar adapted to rain-fed cultivation in tropical and subtropical regions of the country, featuring high
Koohdasht yield potential, drought-tolerant, early maturing, lodging-resistant, resistant to wheat rust diseases, with spring growth
habit
Bread wheat cultivar adapted to rain-fed cultivation in cold and temperate regions of the country, featuring high yield
Baran potential, tolerant to cold and drought stress, lodging-resistant, moderate resistance to wheat rust diseases, with winter
growth habit
Mahdavi Bread wheat cultivar for well-watered conditions in temperate regions of the country, drought-tolerant, semi-late

maturing, with spring growth habit
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Table 3: Results of the analysis of variance (ANOVA) for studied traits in the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars at the Orzueeyeh site

Mean Square

Source of Variation df Plant height Days to Days to Grain filling ~ The number of spikes ~ The number of Thousand-grain  Grain yield
(cm) heading maturity period (day) per square meter grains per spike weight (gr) (ton/ha)
Block 3 21.77m 5.67™ 10.61"™ 24.71™ 3003.07™ 12.13"™ 10.41" 0.4
Treatment 4 2052.9™ 96.77" 115.71" 10" 30378.8" 0.9m 79.16" 452"
Experimental Error 12 35.24 5.32 27.55 23.89 6319.27 21.37 22.8 0.42
Coefficient of Variation 6.78 2.78 4.56 15.13 36.56 15.48 10.43 23.03

**, *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively

Table 4: Results of the analysis of variance (ANOVA) for studied traits in the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars at the Dashtkar site

Mean Square

Source of Variation df Plant height Days to Days to Grain filling The number of spikes The number of Thousand-grain ~ Grain yield
(cm) heading maturity period (day) per square meter grains per spike weight (gr) (ton/ha)
Block 3 58.58" 1.92m 31.87™ 33.93™ 2828.75™ 35.18"™ 12.35™ 0.86™
Treatment 4 1499.2™ 425.3™ 630.43™ 145.38™ 8877.22™ 363.85™ 71.02"™ 1.37™
Experimental Error 12 33.83 9.5 10.16 16.14 4148.44 34.06 24.76 0.13
Coefficient of Variation 7.84 2.06 1.63 8.83 39.05 20.7 13.06 22.99

** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively

Table 5: Results of the analysis of variance (ANOVA) for studied traits in the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars at the Negar site

Mean Square

Source of Variation df Plant height Days to Days to Grain filling the number of spikes the number of thousand-grain  grain yield
(cm) heading maturity period (day) per square meter grains per spike weight (gr) (ton/ha)
Block 3 97.13™ 23.13" 54.17" 135.13™ 31827.51™ 47.18" 23.37" 2.43™
Treatment 3 2432.13" 663.46™ 707.5™ 374.79™ 28580.11™ 232.38™ 135.44™ 24.21™
Experimental Error 9 41.05 3.69 6.98 581 3783.18 10.81 3.82 0.21
Coefficient of Variation 6.96 1.15 1.26 5.83 17.77 11.53 3.88 9.21

** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively.
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Table 6: Results of the analysis of variance (ANOVA) for studied traits in the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars at the Kazerun site

Mean Square

- Plant height  Days to Days to Grain filling  The number of spikes ~ The number of Thousand-grain ~ Grain yield
Source of Variation df . . . . ; ;
(cm) heading maturity period (day) per square meter grains per spike weight (gr) (ton/ha)
Block 3 28.11" 16.06" 0.38™ 13.71m 2188.65™ 7.41m™ 57.72" 0.1m
Treatment 5 786.67"" 180.87™ 61.74™ 32.08™ 2823.17™ 160.45™ 19.23m™ 1.05™
Experimental Error 15 11751 4.22 3.08 6.54 2013.98 21.84 11.48 0.17
Coefficient of Variation 11.43 1.61 1 5.4 26.69 14.9 9.88 22.03

** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively

Table 7: Results of the analysis of variance (ANOVA) for studied traits in the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars at the Sepidan site

Source of Variation

df

Mean Square

Plant height Days to Days to Grain filling  The number of spikes  The number of Thousand-grain ~ Grain yield

(cm) heading maturity period (day)  per square meter grains per spike  weight (gr) (ton/ha)
Block 3 236.06™ 4.06™ 0.71™ 2.71™ 1906.72" 6.39™ 9.13™ 0.22"
Treatment 5 745.07™ 235.7 161.14™ 12.54" 4352.14™ 108.39™ 44.82" 0.26™
Experimental Error 15 32.82 8.52 12 5.14 402.05 15.24 11.09 0.02
Coefficient of Variation 8.41 1.76 1.67 55 23.52 16.59 8.59 16.73

**, *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively
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Table 8: Comparison of means for semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars for the
traits of plant height, days to heading, days to maturity and grain filling period under well-watered conditions

Location Line and Plant height Days to Days to Grain filling
cultivars (cm) heading maturity period (day)
Roshan 123.252 91.252 124,252 332
Excalibur 70.25° 78.5°¢ 111.25° 32.752
Orzueeyeh  Semi-tall Excalibur ~ 92.33° 80c 112.33° 32.332
Setareh 66° 81.25% 115° 33.75%
Sirvan 87.25° 82.5° 112.25° 29.75%
Roshan 87.25P 152.5° 198.5° 46°
Excalibur 4958 133.5¢ 182.75¢ 49.25?
Dashtkar  gemi-tall Excalibur ~ 72.5° 147 182.25° 32.25b
Mihan 63¢ 153.5° 200° 46.52
Omid 98.52 161.252 211.75% 50.52
Roshan 116.52 174.52 216.25% 41.752
Negar Excalibur 75.25° 154.25¢ 200.5° 46.252
Semi-tall Excalibur 89.5° 169.5¢ 201° 31.5°
Mihan g7P 172b 217.752 45.752

Table 9: Comparison of means for semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars for the
traits of plant height, days to heading, days to maturity and grain filling period under rain-fed conditions

Location Line and Plant height Days to Days to Grain filling
cultivars (cm) heading maturity period (day)
Roshan 116.75% 132° 178° 46b°
Excalibur 79.25°¢ 124.25° 172.75° 48.5%

Kazerun  Semi-tall Excalibur ~ 94.25% 124.5¢ 173.25¢ 48.75%
Kalheydari 105.75%® 1392 181.252 42.25¢
Karim 87.5° 121.5¢ 171.5° 502
Koohdasht 85.5¢ 123.25°¢ 172¢ 48.75%
Roshan 77.252 170.25% 211.25% 41
Excalibur 44.25°¢ 156°¢ 199¢ 432

Sepidan  Semi-tall Excalibur ~ 64.75° 157.25¢ 200.75¢ 43,52
Baran 79.252 173.52 213.75? 40.25%
Kalheydari 79.25° 172.25%® 213? 40.75%
Mahdavi 63.75° 168.25° 207° 38.75°
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Fig. 1: Comparison of the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars for the number
of spikes per square meter under rain-fed and well-watered conditions.

Means with the same letter do not differ significantly
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Fig. 3: Comparison of the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars for the

thousand-grain weight under rain-fed and well-watered conditions.
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Fig. 4: Comparison of the semi-tall Excalibur line, parents (Roshan and Excalibur) and control cultivars for the grain
yield (ton/ha) under rain-fed and well-watered conditions.
Means with the same letter do not differ significantly
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