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Introduction

Sunflower (Helianthus annuus L.) is one of the world’s major oilseed crops
and an important source of edible vegetable oil. Its nutritional and industrial value,
together with its adaptability to different soil and climatic conditions, has increased
interest in developing productive cultivars that are resistant to environmental
stresses [1]. This is particularly important in arid regions, where limited water
resources directly affect crop growth and yield.

Sunflower is relatively well adapted to drought because its developed root
system allows the plant to absorb water from deeper soil layers. Nevertheless, severe
or prolonged water deficit restricts vegetative growth, reduces above-ground
biomass, and limits the formation of assimilates required for reproductive
development [2,3]. The extent of damage depends on the intensity and duration of
water stress, the developmental stage at which it occurs, and the biological
characteristics of the cultivar.

Sunflower cultivars are especially sensitive to water deficit during budding and
flowering. Moisture limitation during these stages may reduce biomass
accumulation and economic yield. High temperature and low relative humidity can
further intensify the effects of insufficient soil moisture [4]. Studies have also shown
that sunflower response to deficit irrigation depends on the irrigation regime, timing
of water limitation, and regional environmental conditions [5-7]. Therefore,
cultivars should be evaluated under local soil and climatic conditions before being
recommended for water-deficient areas.

The aim of this study was to evaluate the physiological tolerance and adaptive
responses of the Dilbar, Diyor, VNIIMK-888, Jahongir, Alomat, Navro‘z, and Sur
sunflower cultivars under optimal and limited soil-moisture conditions in the
Bukhara region. The cultivars were also classified according to their response to
water deficit to determine their suitability for cultivation in areas with different
levels of water availability.
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Main Part

The study was conducted under the arid climatic conditions of the Bukhara
region on meadow-alluvial soils. Seven sunflower (Helianthus annuus L.)
cultivars—Dilbar, Diyor, VNIIMK-888, Jahongir, Alomat, Navro‘z, and Sur—were
selected as the research material. The cultivars were evaluated under laboratory and
field conditions to determine their physiological tolerance, adaptive capacity, and
productivity under different levels of soil-water availability.

The experiments included two contrasting moisture conditions: an optimal soil-
moisture regime and a limited soil-moisture regime representing water-deficit
conditions. Cultivar responses were examined during the main developmental
stages, with particular attention given to budding, flowering, and maturation. The
evaluation focused on changes in physiological condition, plant development,
productivity, and the ability of each cultivar to maintain growth under restricted
water availability.

The comparative assessment considered the extent to which the cultivars
maintained their physiological and productive characteristics under limited moisture
relative to optimal conditions. Based on their responses, the cultivars were classified
into drought-tolerant, moderately drought-tolerant, and drought-sensitive groups.

The results showed that the physiological and productive responses of
sunflower to water deficit were cultivar dependent. Under optimal soil-moisture
conditions, all cultivars completed their main developmental stages without
pronounced moisture-related limitations. Under restricted soil moisture, however,
their responses differed considerably. These differences were associated with the
severity of water limitation and the biological characteristics of each cultivar.

Budding and flowering were the stages most sensitive to water deficit.
Moisture limitation during these periods adversely affected plant development and
the formation of reproductive organs. This response may be associated with the
increased demand for water and assimilates during capitulum formation, flowering,
and the initial stages of seed development. During maturation, some cultivars
showed comparatively greater stability, indicating that the effect of water stress also
depended on the developmental stage.

Diyor, Dilbar, and Alomat showed comparatively high physiological tolerance
and adaptation to limited soil moisture. These cultivars maintained more favourable
physiological and productive characteristics throughout the studied developmental
stages. Their responses indicate a greater capacity to sustain plant development and
yield formation under water-deficit conditions. They were therefore classified as
drought tolerant.
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VNIIMK-888 and Jahongir demonstrated an intermediate response. Their
physiological and productive characteristics were more strongly affected by water
limitation than those of Diyor, Dilbar, and Alomat, but they remained more stable
than the drought-sensitive cultivars. They were classified as moderately drought
tolerant and may be cultivated under moderate water limitation with appropriate
irrigation management.

Navro‘z and Sur were more susceptible to restricted soil moisture, particularly
during budding and flowering. Their comparatively weak stability indicates a lower
capacity to adapt to prolonged or severe water stress. These cultivars are therefore
better suited to areas where sufficient irrigation water is available during the critical
growth stages.

Table 1
Classification of the studied sunflower cultivars according to their response to water deficit
Cultivars Relative tolerance = Recommended cultivation conditions
Di Dilb Water-deficient d regi d to high

iyor, Dilbar, Drought tolerant ater-deficient areas and regions exposed to hig
Alomat temperatures and dry winds
VNIIMK-888, Moderately drought ~ Areas with moderate water limitation and carefully
Jahongir tolerant managed irrigation
Navro‘z, Sur Drought sensitive Ar?as yvith adequate water availability and reliable
1rrigation

The physiological changes observed under restricted moisture were not
uniform. Some characteristics remained relatively stable or increased in drought-
tolerant cultivars, whereas others declined as water stress intensified. This indicates
that drought tolerance is determined by a combination of adaptive physiological
responses rather than by a single characteristic. Cultivar-specific placement may
therefore contribute to more efficient use of irrigation water and more stable
sunflower production under the arid conditions of the Bukhara oasis.

Conclusion

The studied sunflower cultivars differed in their physiological tolerance and
adaptation to limited soil moisture. Budding and flowering were the stages most
sensitive to water deficit, while some cultivars showed greater stability during
maturation. Diyor, Dilbar, and Alomat demonstrated comparatively high drought
tolerance and are recommended for water-deficient areas of the Bukhara oasis.
VNIIMK-888 and Jahongir showed moderate tolerance and may be cultivated under
carefully managed water limitation. Navro‘z and Sur were more sensitive and
require more favourable water-supply conditions. The appropriate selection and
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placement of cultivars may improve irrigation-water use and support stable

sunflower production under arid climatic conditions.
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