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Abstract:
In order to investigate the genetic diversity olsa er cultig#lrs based on yield, yield components, and mineral
nutrient uptake under water stress conditions, ial eXperiment was conducted in a completely randomized
design with three replicates at the research greenhoys# of the Faculty of Agriculture and Natural Resources, Darab,
i three irrigation levels (normal irrigation, irrigation cut off at

flowering stage, a a ff at hea ,
Goldasht, Parnian, . Ie aim of this study was to evaluate the genetic variation among safflower
cultivars in terms of grai

nt under water stress conditions, as well as to assess mineral nutrient uptake
from soiI und . The results showed that the interaction between irrigation levels and cultivars had
a highly signift
highest grain yield (
decreased upder

was observed in the Parnian cultivar under normal irrigation. Seed yield of all cultivars
stress conditions, however, the highest yield (15.8 g per plant) in this condition related to
also had the minimum variations among the cultivars. The results of this experiment showed
enetic variation of cultivars appeared under normal irrigation conditions as well as high variations
of nutrient uptakes.

Keywords: safflower, genetic diversity, water stress, seed yield, mineral element uptake.

EXTENDED ABSTRACT
Background and Objectives

Water deficiency is a major abiotic stress that severely limits agricultural productivity,
particularly in arid and semi-arid regions where crops like safflower are cultivated. Drought



stress during critical growth stages can disrupt physiological processes, leading to substantial
reductions in yield and alterations in nutrient acquisition. Understanding the genetic variation
among cultivars in their response to water deficit is crucial for developing resilient crop
varieties. The objectives of this study were to: i) investigate the genetic diversity of seven
safflower cultivars under different irrigation regimes, ii) quantify the impact of water stress
timing on grain yield, biomass, and morphological traits, and iii) assess how cultivar and
irrigation interactions affect the uptake and concentration of key mineral nutrients (Cu, Fe, P,
K) in the seeds.

Materials and Methods

A factorial experiment was conducted in a completely randomized design with three replicates
at the research greenhouse of the Faculty of Agriculture and Natural Resources, Darab, Shiraz
University. The experimental factors included three irrigation levels: normal irrigation, water
stress imposed at the flowering stage, and water stress imposed at the head formation stage.
These treatments were applied to seven distinct Iranian safflower cultivars: Faraman, Sina,
Omid, Padideh, Goldasht, Parnian, and Golmehr. Standard agronomic practices were
maintained for all groups except for the targeted water stress treatments. At physiological
maturity, the plants were harvested, and data were collected on agronomic traits including grain
yield, biomass, and the number of secondary branches. Additionally, seed samples were
analyzed using appropriate laboratory techniques to determine the concentrations of copper,
iron, phosphorus, and potassium.

Results

The statistical analysis revealed that the interaction between irrigation levels and cultivars had
a highly significant effect (p <0.01) on nearly all measured morphological and agronomic traits.
The only exception was the number of secondary branches, which was not significantly
influenced by this interaction. In terms of yield, the Parnian cultivar demonstrated superior
performance under optimal conditions, producing the highest grain yield of 31 grams per plant
and the maximum biomass of 135 grams per plant. However, this cultivar was highly sensitive
to water stress, suffering a drastic 58% reduction in grain yield and a 42% decrease in biomass
when water was withheld at the flowering stage. The other cultivars exhibited varying degrees
of tolerance, but none matched Parnian's yield under normal irrigation or its level of decline
under stress. Regarding mineral nutrition, the irrigation-by-cultivar interaction also
significantly (p < 0.01) affected all seed nutrient uptake traits. The highest seed concentrations
of copper, iron, phosphorus, and potassium were consistently recorded in the Parnian cultivar
under normal irrigation. A clear pattern emerged where these optimal nutrient concentrations
were significantly diminished across all cultivars when subjected to water stress, with the most
severe reductions again occurring due to flowering-stage stress. This indicates that stress timing
is critical, with the flowering stage being more detrimental to both yield and nutrient
accumulation than the head formation stage.

Conclusion

This study conclusively demonstrates a significant genetic diversity among safflower cultivars
in their physiological and agronomic response to water stress. The Parnian cultivar, while high-
yielding under optimal irrigation, proved to be highly susceptible to drought, particularly when
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it occurred during the flowering stage. The findings highlight that the timing of water stress is
a critical factor, with the flowering stage identified as the most sensitive period for irreversible
damage to yield and nutrient partitioning. The strong interaction effect on seed mineral content
further reveals that water stress not only reduces yield but also compromises the nutritional
quality of the harvested crop. Therefore, selecting for drought tolerance specific to the
flowering stage should be a key breeding objective. For cultivation in drought-prone
environments, it is recommended to avoid highly sensitive cultivars like Parnian in favor of
more stable, though potentially lower-yielding, alternatives under optimal conditions. Future
research should focus on the physiological mechanisms conferring tolerance in the more
resilient cultivars to inform marker-assisted breeding programs.
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