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Extended Abstract

Introduction

Sugar beet (Beta vulgaris L.) is a key sugar-producing
crop in temperate regions, with global cultivation
covering ~4.52 million hectares in 2023. Drought stress
significantly limits its growth and yield, particularly in
arid and semi-arid areas like Iran. Plants respond to
water deficit through biochemical, physiological, and
morphological adaptations, including altered stomatal
conductance, reduced RWC, and oxidative stress.
Salicylic acid, a phytohormone, modulates stress
responses by enhancing antioxidant activity,
photosynthetic efficiency, and osmotic regulation. This
study evaluated SA’s potential to mitigate drought

effects on sugar beet in Miandoab, Iran.

Materials and Methods

The experiment was conducted in a silty-loam soil (pH
7.6, EC 2.15 dS/m) using a split-plot design. Irrigation
levels (normal: 60 mm, deficit: 120 mm evaporation)
were assigned to main plots, and SA concentrations (0,
2, 4 mM) to subplots. The cultivar ‘Dorothy’ was sown
at 100,000 plants/ha. SA was applied twice: one week
before and after inducing drought. Traits measured
included photosynthetic pigments, proline, RWC,
stomatal conductance, root yield, sugar content,
antioxidant enzymes (CAT, SOD), and MDA. Data
were analyzed using SAS 9.1.

Results and Discussion:

The study investigated the effects of salicylic acid (SA)
foliar application (0, 2, and 4 mM) under normal
irrigation (60 mm evaporation) and water deficit (120
mm evaporation) on sugar beet physiology and yield.
Water stress significantly reduced chlorophyll a (by
44.3%), chlorophyll b (by 48.7%), carotenoids (by

43.9%), relative water content (RWC, 10.1%), stomatal
conductance (15.8%), and root yield (26.9%), while
increasing proline (49.2%), sugar content (8.98%), and
malondialdehyde (MDA, 72.4%). SA application,
particularly 4 mM, mitigated these effects: under water
deficit, it increased chlorophyll a (46.7%), chlorophyll b
(71.3%), carotenoids (67.4%), RWC (12.1%), and
stomatal conductance (14.1%), while reducing proline
(12.1%) and MDA (31.1%). Antioxidant enzymes (CAT
and SOD) showed elevated activity under stress, with 4
mM SA enhancing CAT by 39.2% and SOD by 146.5%
compared to controls.

Yield parameters responded strongly to SA: under
normal irrigation, 2 mM SA maximized root yield
(97.57 t/ha) and sugar yield (15.29 t/ha), while 4 mM SA
under water deficit improved root yield by 26.1% (67.12
t/ha) and sugar yield by 30.1% (12.10 t/ha) versus
stressed controls. Sugar content increased by 8.98%
under drought, but was highest (17.96%) with 4 mM SA.
Correlation analysis revealed positive relationships
between sugar yield and photosynthetic pigments
(chlorophyll a: r=0.76, chlorophyll b: r=0.80), RWC
(r=0.60), stomatal conductance (r=0.62), and root yield
(r=0.91), but negative correlations with proline (r=-
0.67) and MDA (r=-0.76).

The mechanisms of SA's protective effects involved: (1)
Preservation of photosynthetic apparatus via increased
chlorophyll synthesis and reduced degradation under
oxidative stress, (2) Enhanced water status through
improved stomatal regulation and RWC, (3) Activation
of antioxidant systems (CAT, SOD) to scavenge ROS,
reducing lipid peroxidation (MDA), and (4) Osmotic
adjustment via moderated proline accumulation. The 4
mM SA concentration proved most effective in drought
conditions, nearly equaling normal irrigation yields,
suggesting its utility for water-limited cultivation. These
findings align with previous reports of SA's role in stress
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mitigation across crops, demonstrating its potential as a
sustainable strategy for maintaining sugar beet
productivity under climate-induced water scarcity.

Conclusion

This study demonstrates that foliar application of
salicylic acid (SA), particularly at 4 mM, effectively
mitigates drought stress in sugar beet by enhancing
physiological and biochemical responses. Under water
deficit, SA improved photosynthetic efficiency by
preserving chlorophyll and carotenoid content,
maintained leaf water status through increased RWC
and stomatal conductance, and activated antioxidant
enzymes (CAT, SOD) to reduce oxidative damage.
These adaptations translated into significant vyield
improvements, with 4 mM SA increasing root yield by
26.1% and sugar yield by 30.1% compared to stressed
controls. The strong positive correlations between sugar
yield and photosynthetic pigments, RWC, and stomatal
conductance highlight SA’s role in sustaining carbon
assimilation and water-use efficiency under stress.
Conversely, reduced proline and MDA levels with SA
treatment confirmed its effectiveness in alleviating
osmotic and oxidative stress. The results suggest that 4
mM SA can nearly compensate for yield losses under
moderate drought, offering a practical strategy for sugar
beet cultivation in water-limited environments. Future

Y¥

research should explore SA’s long-term effects and
interactions with other stress-mitigation practices to
optimize its field application.
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Table 2 Analysis of variance (mean squares) of the effect of irrigation and salicylic acid treatments on some
photosynthetic pigments, proline, and some traits related to plant water status in sugar beet
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Table 4 Correlation coefficients among studied traits in sugar beet under irrigation and salicylic acid

treatments
Slio Joa)ls b sgls asss)ls Odon Sge Sl oy 09 ke Slee 5Slee YL ST g0
Traits a Chloro Carotenoid Proline ol s S50, S Sugar ad, S Catalase $gomad
Chloro  phyll b Sy Stomatal Dry content Root Sugar Superoxide
phyll a Relative conductance weight yield yield dismutase
water of
content aerial
parts
b g,k 0.80** 1
Chloro phyll b
25935, 0.70** 0.81** 1
Carotenoid
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o i s5e RW 0.62%* 0.58**  0.44*  -0.64™ 1
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Root yield
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Malondialdehyde
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ns, * and **: non-significant, significant at 1% and 5% of probability levels
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Fig 1 Comparison of the mean effects of the interaction between irrigation and salicylic acid foliar
application treatments on the relative water content of sugar beet leaves
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Fig 2 Comparison of the mean effects of the interaction between irrigation and salicylic acid foliar
application treatments on leaf stomatal conductance in sugar beet
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Table 5 Analysis of variance (Mean squares) of the effect of irrigation and salicylic acid treatments on some
quantitative and qualitative traits, as well as several antioxidant enzymes in sugar beet

MS claye (5:S5ke
85 e ey SEgjy Bl Ay 2,80es STy g0 Ll 63 pglle
Sov Nl e pll Sugar Root VBl $gemed Malondialdehyde
Df Dry content yield  Catalase  Superoxide
weight dismutase
of aerial
parts
S 3 0.99 0.90 7.83 0.16 0.04 0.10
Replication
bl 1 76.10**  19.08** 717.18**  7.50** 23.26** 57.19**
Irrigation
Vo slas 3 1.27 0.16 1.26 0.27 0.23 0.46
Error 1
Siloundllos 00l 2 6.47** 6.26* 86.70** 1.01* 5.90** 7.57**
Salicylic acid
b gloee x (gl 2 4.23%* 2.02 55.72* 0.82* 1.59** 4.59%*
(SAxI)
s 12 0.57 1.47 10.48 0.20 0.20 0.48
Error
(£) s cypo CV - 12.81 7.14 10.98 17.61 12.98 11.61
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ns, * and **: non-significant, significant at 1% and 5% of probability levels
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Fig 3 Comparison of the mean effects of the interaction between irrigation and salicylic acid foliar
application treatments on sugar content in sugar beet
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