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Introduction: In arid and semi-arid regions, drought stress particularly during the reproductive
and late-season stages, often accompanied by high temperatures substantially reduces wheat
yield. The use of early-maturing cultivars with shortened growth cycles, which complete
development prior to the onset of stress, represents an effective strategy to mitigate these
adverse effects. This study aimed to investigate the effects of drought stress on morphological,
phenological, and functional traits of early-maturing near-isogenic wheat lines subjected to
irrigation cutt-off during reproductive growth.

Materials and Methods: The experiment was carried out in split-plot based on a randomized
complete block design with three replications at the research field of Shahid Chamran
University of Ahvaz, Ahvaz, Khuzestan province, Iran, in 2024-2025 growing season.
Irrigation treatments at three levels, including full irrigation (control), irrigation cut-off from
the beginning of flowering to early dough stage (code 61-83 in BBCH scale) and irrigation cut-
off from early dough stage to full grain maturity (code 83-92 in BBCH scale) was considered as
main factor, and five bread wheat cultivars and near-isogenic lines as sub-factor. The measured
traits included phenological and morphological traits, yield components, biological yield and
harvest index. To group the studied genotypes and traits, cluster analysis method was used and
the respective dendrogram was drawn as a heat map using R-studio ver. 2023 software. Data
analysis of variance was conducted using SAS ver. 9.1 software and comparison of means was
performed using Duncan’s multiple range test.

Results and Discussion: The results of this study indicated that irrigation cut-off at different
growth stages significantly reduced the number and weight of grains per spike, 1000-grain
weight, and days to maturity, ultimately leading to decreased grain yield across all cultivars and
near-isogenic lines. However, greater reductions were obsberved in the cultivars compared with
their corresponding near-isogenic lines. Under irrigation cut-off applied at the flowering stage,
the grain yield of Roshan and it’s near-isogenic line, Mahdavi and it’s near-isogenic line, and
Mehregan decreased by 33%, 38%, 29%, 29% and 20%, respectively, and under irrigation cut-
off at the grain-filling stage decreased by 12%, 15%, 15%, 15% and 8%, respectively,
compared with full irrigation treatment. Across all irrigation cut-off treatments, the number of
days from seed sowing to maturity in near-isogenic lines of Roshan and Mahdavi was 10 to 15
days fewer than their parental cultivars. This earliness likely contributed to reduced exposure to
drought stress during critical reproductive stages, enhancing yield stability.

Conclusion: Overall, the findings of this study showed that the the near-isogenic lines
outperformed their parent cultivars in terms of yield and other agronomic traits. The near-
isogenic line of Mahdavi, by employing an earliness strategy and shortening the time to
flowering and maturity, achieved the highest grain yield under both full irrigation and cut-off
irrigation treatments. Therefore, similar to the Mehregan cultivar, it is recommended for
cultivation under mild water stress conditions in the Khuzestan region.
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Table 1. Meteorological information of the experimental site during the 2024-2025 growing season

Month November  December  January  February March April May

2024 2024 2025 2025 2025 2025 2025

Maximum temperature (C) 25.8 205 20.1 19.9 26.7 35.2 425
Minimum temperature (°C) 12.0 59 6.5 6.4 12.1 19.3 224
Mean daily temperature (°C) 18.9 13.2 13.3 13.7 194 27.2 325
Total rainfall (mm) 10.6 3.2 13.7 54 13 4 15
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Table 2. Physico-chemical properties of experimental field soil at 0-30 cm depth

Electrical Available  Available Total Organic Field Permanent
Textural pH - . . - g .
conductivity potassium phosphorus  nitrogen  carbon  capacity wilting point
dS.m? mg.kg! %
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Table 3. Analysis of variance of morpho-phenological and yield related traits of wheat cultivars and early maturing near-isogenic lines under irrigation cut-off
treatments

Mean square
GY GNS GWS SW TGW BY HI PH PL DH DM GFP
Block 2 328901™ 190" 0.054™ 0.050™  43.9" 5473745°  26.4™ 253" 132" 1.75™ 295" 0.28™
Irrigation (A) 2 3939200™ 262" 0.486™  0.208™ 48.1™  14697705™ 78.2° 383" 409" 0.822"™ 413" 557"
Erorr (a) 4 15035 8.82 0.003 0.003 4.23 731091 26.7 27.43 478 1.68 0.88 4.28
4
8

Source of variation df

Lines and cultivars (B) 1295954  704™ 2.05™ 1.29™ 366™ 27330622 4717 2110 825" 859" 639"  26.9"
Ax B 31880" 129™ 0.013™ 0.001™ 3.21™ 119755"™ 852™ 299" 1.31"™ 0572™ 263" 250m™
Erorr (b) 24 14208 12.1 0.023 0.029 3.69 1068546 21.2 8.6 7.27 1.48 0.772 1.59
CV (%) - 5.85 8.35 8.97 8.31 3.74 11.89 12.65 2.89 8.57 1.37 0.694 5.15
ms " and ™ Not-significant and significant at 5% and 1% probability levels, respectively.
T GY, grain yield; GNS, grain number per spike; GWS, grain weight per spike; SW, spike weight; TGW, thousand grain weight; BY, biological yield; HI, harvest index;
PH, plant height; PL, peduncle length; DH, days to heading; DM, days to maturity; GFP, grain filling period.
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Table 4. Comparison of means of yield components of wheat cultivars and early maturing near-isogenic lines under irrigation cut-off treatments

Treatment GNS GWS(g) SW(g) TGW(g) BY (kghal) HI(®%)  PL(cm) DH  GFP (day)
Irrigation cut-off treatments
Full irrigation 44,732 1.8212 2.17° 52.82 96228 38.522 32.75a 88? 26.28
Irrigation cut-off during flowering 36.07° 17732 1.94° 51.6° 7649° 33.18° 29.99P 882 24.87°
Irrigation cut-off during grain-filling 43.27° 1.488° 2.03% 49.3° 8796% 36.67%® 32.422 88? 22.8°
Near isogene lines and cultivars
Roshan 33.67¢ 1.124¢ 1.70¢ 54.36° 6944° 38.72° 43.812 1022 23.33°
Near-isogenic line of Roshan 33.11°¢ 1.305¢ 1.62° 59.6° 8099° 33.93% 33.83° 89b 23.67°
Mahdavi 39.67° 1.758°¢ 2.457 48.81¢ 102402 29.64° 29.57°¢ 88b 262
Near-isogenic line of Mahdavi 52.22% 2.272% 2.37° 51.07° 10818? 31.79° 32.84° 75¢ 26.672
Mehregan 49.45% 2.01° 2.11° 42.46° 7342° 47.86% 17.219 85¢ 22.11°

Means followed by samilar letters in each column and each experimental factor are not significantly different by Duncan’s test at 5% probability level.
GNS, grain number per spike; GWS, grain weight per spike (g); SW, spike weight (g); TGW, thousand grain weight (g); BY, biological yield (kg.ha*); HI, harvest index
(%); PL, peduncle length (cm); DH, days to heading; GFP, grain filling period (day).
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Table 5. Correlation coefficients between phenological and yield traits of wheat cultivars and early maturing near-isogenic lines under irrigation cut-off treatments

Traits GY GNS GWS TGW SW PH BY HI PL DH DM GFP
GY 1
GNS 0.70™ 1
GWS 0.58™ 0.78"™ 1
TGW -0.33" -0.49™ -0.48™ 1
SwW 0.55™ 0.58™ 0.70™ -0.55™ 1
PH -0.76™ -0.20™ -0.31" 0.83™ -0.50™ 1
BY 0.46™ 0.41™ 0.53™ -0.07™ 0.76™ -0.03™ 1
HI 0.31" 0.13™ -0.046™ -0.29™ -0.30" -0.13™ -0.68™ 1
PL -0.34 -0.32" -0.52" 0.65™ -0.31" 0.56™ -0.02™ -0.32" 1
DH -0.50"™ -0.66™ -0.81™ 0.42" -0.53™ 0.10™ -0.44™ 0.04" 0.63™ 1
DM -0.041™ -0.63™ -0.77" 0.46™ -0.47" 0.13™ -0.38"™ 0.04" 0.62" 0.96™ 1
GFP 0.21m™ 0.10™ 0.43™ 0.11™ 0.51™ 0.06"™ 0.65™ -0.51" 0.1 -0.26ns -0.13™ 1

s *and ™ Not-significant and significant at 5% and 1% probability levels, respectively.

T GY, grain yield; GNS, grain number per spike; GWS, grain weight per spike; SW, spike weight; TGW, thousand grain weight; BY, biological yield; HI, harvest index;

PH, plant height; PL, peduncle length; DH, days to heading; DM, days to maturity; GFP, grain filling period.
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Figure 1. Comparison of means of grain yield in wheat cultivars and early maturing near-isogenic lines under
irrigation cut-off treatments
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Figure 2. Comparison of means of plant height in wheat cultivars and early maturing near-isogenic lines under
irrigation cut-off treatments
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Figure 3. Comparison of means of days to maturity in wheat cultivars and early maturing near-isogenic lines
under irrigation cut-off treatments
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Figure 4. Heatmap and dendrogram of cluster analysis of morpho-phenological and yield traits of bread wheat
cultivars and early maturing near-isogenic lines. Strong positive and negative correlations are represented by
dark red and dark blue squares, respectively.
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