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This study aimed to assess the responses of selected irrigated bread
wheat lines and the commercial cultivar Mihan to terminal drought
stress (irrigation withholding during grain filling) in the 2023-2024
growing season in Bukan, Iran (temperate-cold climate, annual rainfall
250 mm). The experiment used a randomized complete block design
with split-plot arrangement and three replications: main plots were
irrigation levels (well-watered vs. cutoff at grain filling), and subplots
were seven genotypes (lines 5118, 5209, 5013, 5216, 5005, 5220, and
Mihan). Drought stress significantly affected days to maturity and
thousand-grain weight (p<0.05), grain yield, and grains per spike
(p<0.01). Genotypic effects were significant (p<0.01) for all traits except
harvest index. Line 5005 showed the highest grain yield (9213 kg ha™
well-watered; 9044 kg ha™ stressed), grains per spike (64-66), stress
tolerance index (STI=9140), and geometric mean productivity
(GMP=9176.7 kg ha™), identifying it as the most tolerant and stable
genotype. Line 5216 exhibited the least reduction in grain weight under
stress. Average grain yield reduction was 1.57%, indicating mild stress
impact and genotypic variation in drought response differentiating this
from studies reporting 20-30% losses. Line 5005 is recommended for
drought-prone cultivation and as a resistant parent in breeding
programs.
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EXTENDED ABSTRACT

Introduction

Wheat (Triticum aestivum L.) is one of the most important strategic cereal crops worldwide,
playing a pivotal role in global food security and human nutrition. Due to its high contribution to
daily energy and protein intake, wheat occupies a unique place in agricultural production
systems. In Iran, wheat is considered the most important crop, and a substantial portion of the
country’s cultivated lands is allocated annually to its production. Despite this significance, limited
water resources and the frequent occurrence of drought in recent years have posed serious
challenges to sustainable wheat production. Among the different growth stages of wheat, the
grain-filling stage is regarded as one of the most sensitive to water deficit. Drought stress during
this stage accelerates leaf senescence, reduces the supply of assimilates to grains, and ultimately
decreases kernel weight and yield. Therefore, identifying drought-tolerant lines and cultivars at
this stage is a crucial strategy for improving yield stability and enhancing water-use efficiency in
arid and semi-arid regions. The present study was designed to evaluate the response of selected
irrigated wheat lines and the commercial cultivar ‘Mihan’ to terminal irrigation cut-off at the
grain-filling stage and to identify superior genotypes under drought conditions.

Methodology

The field experiment was conducted during the 2023-2024 cropping season in Boukan,
northwestern Iran, which is characterized by a temperate-cold climate. The experimental design
was a randomized complete block with a split-plot arrangement and three replications. Irrigation
regime was assigned to main plots at two levels: full irrigation and irrigation cut-off at grain
filling. Subplots consisted of six selected wheat lines (5118, 5209, 5013, 5216, 5005, and 5220)
along with the commercial cultivar ‘Mihan’. Standard agronomic practices were applied,
including land preparation, fertilization with urea, triple superphosphate, and sulfur, and seed
disinfection with Raxil fungicide. Seeds were sown at a target density of 450 seeds per square
meter. Traits measured included phenological parameters (days to 50% flowering, days to
physiological maturity), morphological traits (plant height, spike length, number of spikes per
square meter), and yield-related traits (number of grains per spike, thousand-kernel weight,
grain yield, and biological yield). Final harvest was performed on a two-square-meter area in each
subplot, and grain and biomass were oven-dried at 75°C for 48 hours to determine yield on a
zero-moisture basis. Data were statistically analyzed using SAS software, and means were
compared with Duncan’s multiple range test at the 5% probability level.

Results and Discussion

The results demonstrated that drought stress significantly affected several traits. Days to
physiological maturity decreased from 251 under optimal irrigation to 249 under stress,
reflecting shortened growth duration due to accelerated leaf senescence and reduced assimilate
supply. Plant height was also significantly reduced under water deficit, with line 5013 being the
tallest and line 5209 the shortest across treatments. In terms of yield components, the number of
spikes per square meter was not markedly influenced by drought, as this trait is determined
before flowering. In contrast, the number of grains per spike and thousand-kernel weight were
directly affected by stress. Line 5005 exhibited the highest grain number per spike, while line
5220 had the lowest. Thousand-kernel weight declined across most genotypes under drought;
however, line 5216 maintained relatively stable kernel weight with the smallest reduction,
indicating superior tolerance. Grain yield, as the most critical trait, was reduced by an average of
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1.57% under drought. This relatively mild reduction highlights the inherent tolerance of the
genotypes tested. Line 5005 produced the highest yield under both conditions (9,213 and 9,044
kg ha™! under optimal and stress conditions, respectively), followed by line 5216. In contrast, the
cultivar Mihan and lines 5118 and 5220 recorded the lowest yields. Stress tolerance indices,
including the Stress Tolerance Index (STI) and Geometric Mean Productivity (GMP), further
confirmed line 5005 as the most stable and drought-tolerant genotype. Biological yield was also
negatively affected by drought, but line 5216 maintained the highest biomass production,
suggesting an ability to sustain vegetative growth even under reduced water availability. Overall,
the findings reveal that genotypes adopted different adaptive strategies to cope with terminal
drought. Line 5005 effectively maintained grain yield by mobilizing stem and leaf reserves, while
line 5216 achieved stability through maintaining kernel weight and producing greater biomass.
Conversely, the cultivar Mihan and some other lines exhibited more pronounced yield reductions,
indicating their sensitivity to drought stress.

Conclusions

This study confirmed that the grain-filling stage is one of the most drought-sensitive phases
in wheat, but the magnitude of yield reduction strongly depends on genotype. In general, drought
stress decreased thousand-kernel weight and biomass, yet drought-tolerant lines minimized
yield loss through physiological mechanisms such as efficient remobilization of stored
assimilates and sustained photosynthesis. Among the studied genotypes, line 5005 was identified
as the most superior and stable, combining high yield under both optimal and stressed conditions
with favorable drought tolerance indices. This line can be recommended as an ideal candidate for
cultivation in drought-prone areas and as a resistant parent in breeding programs. Additionally,
line 5216, due to its ability to maintain kernel weight and biomass under stress, can serve as a
complementary genotype in breeding schemes. Utilizing such drought-tolerant genotypes
represents an effective strategy to ensure yield stability and sustainable wheat production under
conditions of water scarcity and future climate variability.
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